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1.3. Limitations. Except as specifically permitted in this EULA, you will not directly or indirectly (a) use any 
Confidential Information to create any software or documentation that is similar to any of the Software Product or 
Documentation; (b) encumber, transfer, rent, lease, time-share or use the Software Product in any service bureau 
arrangement; (c) copy (except for archival purposes), distribute, manufacture, adapt, create derivative works of, 
translate, localize, port or otherwise modify the Software Product or the Documentation; (d) permit access to the 
Software Product by any party developing, marketing or planning to develop or market any product having 
functionality similar to or competitive with the Software Product; (e) publish benchmark results relating to the 
Software Product, nor disclose Software Product features, errors or bugs to third parties; or (f) permit any third 
party to engage in any of the acts proscribed in clauses (a) through (e).  In jurisdictions in which transfer is 
permitted, notwithstanding the foregoing prohibition, transfers will only be effective if you transfer a copy of this 
EULA, as well as all copies of the Software Product, whereupon your right to use the Software product will 
terminate.  Except as described in this Section 1.3, You are not permitted (i) to decompile, disassemble, reverse 
compile, reverse assemble, reverse translate or otherwise reverse engineer the Software Product, (ii) to use any 
similar means to discover the source code of the Software Product or to discover the trade secrets in the Software 
Product, or (iii) to otherwise circumvent any technological measure that controls access to the Software Product.  
You may reverse engineer or otherwise circumvent the technological measures protecting the Software Product 
for the sole purpose of identifying and analyzing those elements that are necessary to achieve Interoperability 
(the “Permitted Objective”) only if: (A) doing so is necessary to achieve the Permitted Objective and it does not 
constitute infringement under Title 17 of the United States Code; (B) such circumvention is confined to those parts 
of the Software Product and to such acts as are necessary to achieve the Permitted Objective; (C) the information 
to be gained thereby has not already been made readily available to you or has not been provided by LeCroy 
within a reasonable time after a written request by you to LeCroy to provide such information; (D) the information 
gained is not used for any purpose other than the Permitted Objective and is not disclosed to any other person 
except as may be necessary to achieve the Permitted Objective; and (E) the information obtained is not used (1) 
to create a computer program substantially similar in its expression to the Software Product including, but not 
limited to, expressions of the Software Product in other computer languages, or (2) for any other act restricted by 
LeCroy’s intellectual property rights in the Software Product.  “Interoperability” will have the same meaning in this 
EULA as defined in the Digital Millennium Copyright Act, 17 U.S.C. §1201(f), the ability of computer programs to 
exchange information and of such programs mutually to use the information which has been exchanged. 

1.4 PRERELEASE CODE. Portions of the Software Product may be identified as prerelease code (“Prerelease 
Code”).  Prerelease Code is not at the level of performance and compatibility of the final, generally available 
product offering. The Prerelease Code may not operate correctly and may be substantially modified prior to first 
commercial shipment. LeCroy is not obligated to make this or any later version of the Prerelease Code 
commercially available. The License with respect to the Prerelease Code terminates upon availability of a 
commercial release of the Prerelease Code from LeCroy. 

2. SUPPORT SERVICES. 

At LeCroy’s sole discretion, from time to time, LeCroy may provide Updates to the Software Product.  LeCroy 
shall have no obligation to revise or update the Software Product or to support any version of the Software 
Product.  At LeCroy’s sole discretion, upon your request, LeCroy may provide you with support services related to 
the Software Product (“Support Services”) pursuant to the LeCroy policies and programs described in the 
Documentation or otherwise then in effect, and such Support Services will be subject to LeCroy’s then-current 
fees therefor, if any.  Any Update or other supplemental software code provided to you pursuant to the Support 
Services will be considered part of the Software Product and will be subject to the terms and conditions of this 
EULA.  LeCroy may use any technical information you provide to LeCroy during LeCroy’s provision of Support 
Services, for LeCroy’s business purposes, including for product support and development.  LeCroy will not utilize 
such technical information in a form that personally identifies you. 

3. PROPRIETARY RIGHTS.  

3.1 Right and Title.  All right, title and interest in and to the Software Product and Documentation (including but not 
limited to any intellectual property or other proprietary rights, images, icons, photographs, text, and “applets” 
embodied in or incorporated into the Software Product, collectively, “Content”), and all Derivatives, and any copies 
thereof are owned by LeCroy and/or its licensors or third-party suppliers, and is protected by applicable copyright 
or other intellectual property laws and treaties.  You will not take any action inconsistent with such title and 
ownership.  This EULA grants you no rights to use such Content outside of the proper exercise of the license 
granted hereunder, and LeCroy will not be responsible or liable therefor. 
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3.2 Intellectual Property Protection.  You may not alter or remove any printed or on-screen copyright, trade secret, 
proprietary or other legal notices contained on or in copies of the Software Product or Documentation. 

3.3 Confidentiality.  Except for the specific rights granted by this EULA, neither party shall use or disclose any 
Confidential Information (as defined below) of the other party without the written consent of the disclosing party.  A 
party receiving Confidential Information from the other shall use the highest commercially reasonable degree of 
care to protect the Confidential Information, including ensuring that its employees and consultants with access to 
such Confidential Information have agreed in writing not to disclose the Confidential Information.  You shall bear 
the responsibility for any breaches of confidentiality by your employees and consultants.  Within ten (10) days 
after request of the disclosing party, and in the disclosing party's sole discretion, the receiving party shall either 
return to the disclosing party originals and copies of any Confidential Information and all information, records and 
materials developed therefrom by the receiving party, or destroy the same, other than such Confidential 
Information as to which this EULA expressly provides a continuing right to the receiving party to retain at the time 
of the request.  Either party may only disclose the general nature, but not the specific financial terms, of this EULA 
without the prior consent of the other party; provided either party may provide a copy of this EULA to any finance 
provider in conjunction with a financing transaction, if such provider agrees to keep this EULA confidential.   
Nothing herein shall prevent a receiving party from disclosing all or part of the Confidential Information as 
necessary pursuant to the lawful requirement of a governmental agency or when disclosure is required by 
operation of law; provided that prior to any such disclosure, the receiving party shall use reasonable efforts to (a) 
promptly notify the disclosing party in writing of such requirement to disclose, and (b) cooperate fully with the 
disclosing party in protecting against any such disclosure or obtaining a protective order.  Money damages will not 
be an adequate remedy if this Section 4.3 is breached and, therefore, either party shall, in addition to any other 
legal or equitable remedies, be entitled to seek an injunction or similar equitable relief against such breach or 
threatened breach without the necessity of posting any bond.  As used herein, “Confidential Information” means 
LeCroy pricing or information concerning new LeCroy products, trade secrets (including without limitation all 
internal header information contained in or created by the Software Product, all benchmark and performance test 
results and all Documentation) and other proprietary information of LeCroy; and any business, marketing or 
technical information disclosed by LeCroy, or its representatives, or you in relation to this EULA, and either (i) 
disclosed in writing and marked as confidential at the time of disclosure or (ii) disclosed in any other manner such 
that a reasonable person would understand the nature and confidentiality of the information.  Confidential 
Information does not include information (A) already in the possession of the receiving party without an obligation 
of confidentiality to the disclosing party, (B) hereafter rightfully furnished to the receiving party by a third party 
without a breach of any separate nondisclosure obligation to the disclosing party, (C) publicly known without 
breach of this EULA, (d) furnished by the disclosing party to a third party without restriction on subsequent 
disclosure, or (e) independently developed by the receiving party without reference to or reliance on the 
Confidential Information. 

4. TERMINATION.   

This EULA will remain in force until termination pursuant to the terms hereof.  You may terminate this EULA at any 
time.  This EULA will also terminate if you breach any of the terms or conditions of this EULA.  You agree that if 
this EULA terminates for any reason, the License will immediately terminate and you will destroy all copies of the 
Software Product (and all Derivatives), installed or otherwise, the Documentation, and the Confidential Information  
(and all derivatives of any of the foregoing) that are in your possession or under your control. The provisions of 
Sections 1.3, 4, 6, 7, 8, and 9 will survive any termination or expiration hereof. 

5. U.S. GOVERNMENT RESTRICTED RIGHTS. 

 If any Software Product or Documentation is acquired by or on behalf of a unit or agency of the United States 
Government (any such unit or agency, the “Government”), the Government agrees that the Software Product or 
Documentation is “commercial computer software” or “commercial computer software documentation” and that, 
absent a written agreement to the contrary, the Government’s rights with respect to the Software Product or 
Documentation are, in the case of civilian agency use, Restricted Rights, as defined in FAR §52.227.19, and if for 
Department of Defense use, limited by the terms of this EULA, pursuant to DFARS §227.7202.  The use of the 
Software Product or Documentation by the Government constitutes acknowledgment of LeCroy’s proprietary 
rights in the Software Product and Documentation.  Manufacturer is LeCroy Corporation, 700 Chestnut Ridge 
Road, Chestnut Ridge, NY 10977 USA. 

6. EXPORT RESTRICTIONS. 
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You agree that you will not export or re-export the Software Product, any part thereof, or any process or service 
that is the direct product of the Software Product (the foregoing collectively referred to as the “Restricted 
Components”), to any country, person, entity or end user subject to U.S. export restrictions.  You specifically agree 
not to export or re-export any of the Restricted Components (a) to any country to which the U.S. has embargoed 
or restricted the export of goods or services, which currently include, but are not necessarily limited to Cuba, Iran, 
Iraq, Libya, North Korea, Sudan and Syria, or to any national of any such country, wherever located, who intends 
to transmit or transport the Restricted Components back to such country; (b) to any end user who you know or 
have reason to know will utilize the Restricted Components in the design, development or production of nuclear, 
chemical or biological weapons; or (c) to any end-user who has been prohibited from participating in U.S. export 
transactions by any federal agency of the U.S. government. You warrant and represent that neither the BXA nor 
any other U.S. federal agency has suspended, revoked or denied your export privileges. It is your responsibility to 
comply with the latest United States export regulations, and you will defend and indemnify LeCroy from and 
against any damages, fines, penalties, assessments, liabilities, costs and expenses (including reasonable 
attorneys' fees and court costs) arising out of any claim that the Software Product, Documentation, or other 
information or materials provided by LeCroy hereunder were exported or otherwise accessed, shipped or 
transported in violation of applicable laws and regulations. 

7. RISK ALLOCATION. 

7.1 No Warranty. THE SOFTWARE PRODUCT IS NOT ERROR-FREE AND THE SOFTWARE PRODUCT AND 
SUPPORT SERVICES IS/ARE BEING PROVIDED "AS IS" WITHOUT WARRANTY OF ANY KIND.  LECROY, 
FOR ITSELF AND ITS SUPPLIERS, HEREBY DISCLAIMS ALL WARRANTIES, WHETHER EXPRESS OR 
IMPLIED, ORAL OR WRITTEN, WITH RESPECT TO THE SOFTWARE PRODUCT OR ANY SUPPORT 
SERVICES INCLUDING, WITHOUT LIMITATION, ALL IMPLIED WARRANTIES OF TITLE OR NON-
INFRINGEMENT, MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, ACCURACY, 
INTEGRATION, VALIDITY, EXCLUSIVITY, MERCHANTABILITY, NON-INTERFERENCE WITH ENJOYMENT, 
FITNESS FOR ANY PARTICULAR PURPOSE, AND ALL WARRANTIES IMPLIED FROM ANY COURSE OF 
DEALING OR USAGE OF TRADE. YOU ACKNOWLEDGE THAT NO WARRANTIES HAVE BEEN MADE TO 
YOU BY OR ON BEHALF OF LECROY OR OTHERWISE FORM THE BASIS FOR THE BARGAIN BETWEEN 
THE PARTIES. 

7.2. Limitation of Liability.  LECROY’S LIABILITY FOR DAMAGES FOR ANY CAUSE WHATSOEVER, 
REGARDLESS OF THE FORM OF ANY CLAIM OR ACTION, SHALL NOT EXCEED THE GREATER OF THE 
AMOUNT ACTUALLY PAID BY YOU FOR THE SOFTWARE PRODUCT OR U.S.$5.00; PROVIDED THAT IF 
YOU HAVE ENTERED INTO A SUPPORT SERVICES AGREEMENT WITH LECROY, LECROY’S ENTIRE 
LIABILITY REGARDING SUPPORT SERVICES WILL BE GOVERNED BY THE TERMS OF THAT AGREEMENT.  
LECROY SHALL NOT BE LIABLE FOR ANY LOSS OF PROFITS, LOSS OF USE, LOSS OF DATA, 
INTERRUPTION OF BUSINESS, NOR FOR INDIRECT, SPECIAL, INCIDENTAL, CONSEQUENTIAL OR 
EXEMPLARY DAMAGES OF ANY KIND, WHETHER UNDER THIS EULA OR OTHERWISE ARISING IN ANY 
WAY IN CONNECTION WITH THE SOFTWARE PRODUCT, THE DOCUMENTATION OR THIS EULA.  SOME 
JURISDICTIONS DO NOT ALLOW THE EXCLUSION OR LIMITATION OF INCIDENTAL OR CONSEQUENTIAL 
DAMAGES, SO THE ABOVE EXCLUSION OR LIMITATION MAY NOT APPLY TO YOU.  THESE LIMITATIONS 
ARE INDEPENDENT FROM ALL OTHER PROVISIONS OF THIS EULA AND SHALL APPLY 
NOTWITHSTANDING THE FAILURE OF ANY REMEDY PROVIDED HEREIN. 

7.3 Indemnification.  You will defend, indemnify and hold harmless LeCroy and its officers, directors, affiliates, 
contractors, agents, and employees from, against and in respect of any and all assessments, damages, 
deficiencies, judgments, losses, obligations and liabilities (including costs of collection and reasonable attorneys’ 
fees, expert witness fees and expenses) imposed upon or suffered or incurred by them arising from or related to 
your use of the Software Product. 

8. GENERAL PROVISIONS. 

8.1 Compliance with Laws.  You will comply with all laws, legislation, rules, regulations, and governmental 
requirements with respect to the Software Product, and the performance by you of your obligations hereunder, of 
any jurisdiction in or from which you directly or indirectly cause the Software Product to be used or accessed. 

8.2 No Agency.  Nothing contained in this EULA will be deemed to constitute either party as the agent or 
representative of the other party, or both parties as joint venturers or partners for any purpose. 
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5. Select the holdoff by touching the Time or Events buttons , . Using the pop-up numeric 
keypad, enter a value and specify the unit of time 

,  

or use the up/down buttons  to increase or decrease the time value in increments of 200 
ps. Or, touch one of the preset value buttons: 

. 

The preset Time values are as follows: 
  

Max. 20.0 s 

Default 50.0 ns 

Min. 2 ns 

The preset Events values are as follows: 
   

Max. 1,000,000,000 events 

Default 1 event 

Min. 1 event 

1. Choose Positive or Negative slope 

. 
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Pulse smaller than selected pulse width: Set a maximum pulse width. This glitch trigger is generated on the 
selected edge (positive or negative) when the pulse width is less than or equal to the set width. 

The timing for the width is initialized and restarted on the opposite slope to that selected. You can set widths from 
600 ps to 20 s. 

NOTE: If the glitch's width is narrower than the signal's width, set the trigger to a narrower width than that of the signal. The 
signal's width, as determined by the instrument trigger comparator, depends on the DC trigger level. If that level were to be set 
at the middle of a sine wave, for example, the width could then be considered as the half period. But if the level were higher, 
the signal's width would be considered to be less than the half period.  

 
Glitch Trigger: In this example triggering on a pulse width less than or equal to the width selected. The broken 
upward-pointing arrow indicates a potential trigger, while the bold one shows where the actual trigger occurs. 

To Set Up Glitch Trigger 

1. In the menu bar, touch Trigger, then Trigger Setup... in the drop-down menu. 

2. Touch the Smart Trigger button. 

3. Touch inside the Type field and select Glitch trigger . 

4. Touch inside the Trigger On data entry field and select a source on which to trigger: 
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Interval Trigger that triggers when the interval width is smaller than the selected interval. The broken, upward-
pointing arrow indicates a potential trigger, while the bold one shows where the actual trigger occurs  on the positive 
edge within the selected interval. 

Interval Greater Than: For this Interval Trigger, generated on an interval larger than the one that you set, select a 
minimum interval between two edges of the same slope. The instrument generates the trigger on the second edge 
if it occurs after the set interval. The timing for the interval is initialized and restarted whenever the selected edge 
occurs. You can set an interval from 2 ns to 20 s. 

 
Interval Trigger that triggers when the interval width is larger than the set interval. The broken upward-pointing arrow 
indicates a potential trigger, while the bold one shows where the actual trigger occurs  on the positive edge after the 
selected interval. 

Interval In Range: This Interval Trigger is generated whenever an interval between two edges of the same slope 
falls within a selected range. The instrument initializes and restarts the timing for the interval whenever the 
selected edge occurs. You can set an interval from 2 ns to 20 s. 
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Interval Trigger that triggers when the interval falls within the selected range:  
 t1 = range's lower time limit; t2 = range's upper limit. The broken upward-pointing arrow indicates a potential trigger, 
while the bold one indicates where the actual trigger occurs  on the positive edge within the selected range. 
To Set Up Interval Trigger 

1. In the menu bar, touch Trigger, then Trigger Setup... in the drop-down menu. 

2. Touch the Smart Trigger button. 

3. Touch inside the Type field and select Interval trigger . 

4. Touch inside the Trigger On data entry field and select a source on which to trigger: 
 

 
5. Touch inside the Level data entry field and enter a value using the pop-up numeric keypad. 

6. Select positive or negative slope. 

7. Touch the LessThan button and enter a pulse-width value in the Upper Limit data entry field. 
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Edge Qualified and Wait: Trigger after timeout. The broken upward-pointing arrows indicate potential triggers, while 
the bold ones show where the actual triggers occur. 

To Set Up an Edge Qualified Trigger 

1. In the menu bar, touch Trigger, then Trigger Setup... in the drop-down menu. 

2. Touch the Smart Trigger button. 

3. Touch inside the Type field and select Qualify trigger . 

4. Touch inside the Trigger On data entry field and select a source on which to trigger: 
 

 
5. Select Positive or Negative slope. 

6. Touch inside the After data entry field and select the qualifying signal source from the pop-up menu. If 
you select an input channel or external source, touch inside the has gone data entry field and select a 
logic level: Above or Below. Then touch inside the Qual Level field and set a voltage level using the pop-
up numeric keypad. If you want to set a holdoff in time or events, touch one of the Qualify by: buttons: 
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Logic Applications 

 
Logic Trigger can be used in digital design for the testing of complex logic inputs or data transmission buses. 

To Set Up Logic Trigger 

1. In the menu bar, touch Trigger, then Trigger Setup... in the drop-down menu. 

2. Touch the Smart Trigger button. 

3. Touch inside the Type field and select Logic trigger . 

4. Touch the Pattern tab, and select a logic gate: 
 

. 

5. For each input you want to include in the logic pattern, touch inside the State field and select a logic state: 
Low or High. Select Don't Care for all other inputs. 

6. Touch inside the Level data entry field for each input included in the pattern and enter a voltage level 
threshold using the pop-up numeric keypad.   
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5. Select Positive or Negative slope. 

6. To establish the upper and lower voltage  thresholds, touch inside the Lower Level and Upper Level 
fields and enter a voltage into each field, using the pop-up keypad.  

7. Choose a pulse width time constraint by touching one of the range buttons:  

Less Than Sets an upper limit for the pulse width from 2.5 ns to 20 s. 

Greater Than Sets a lower limit for the pulse width from 2.5 ns to 20 s. 

In Range 

Out of Range 

Touch the Delta button   to set up a nominal range, plus or minus a delta 
value, in seconds.  Enter time values into the Nominal Width and Delta data 
entry fields, using the pop-up numeric keypads.  

Touch the Limits button   to set up a precise range. Enter time values 
into the Lower Limit and Upper Limit data entry fields, using the pop-up 
numeric keypads. 
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1. Minimize the scope display by selecting File  Minimize. 

2. Touch the X-Stream Browser desktop icon to open the browser: 
 

 
3. Touch the left scope icon ("Connect to a local X-Stream DSO device") in the X-Stream Browser toolbar:  

 

 
4. Select  Measure Parameter in error (P1) Out Result: 
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Fall 80-20% Fall 80-20%: Duration of pulse 
waveform's falling transition from 
80% to 20%, averaged for all 
falling transitions between the 
cursors.  

Average duration of falling  
 80-20% transition 

On signals not having two major 
levels (triangle or saw-tooth 
waves, for example), top and 
base can default to maximum 
and minimum, giving, however, 
less predictable results. 

Frequency Frequency: Period of cyclic signal 
measured as time between every 
other pair of 50% crossings. 
Starting with first transition after 
left cursor, the period is measured 
for each transition pair. Values 
then averaged and reciprocal 
used to give frequency.  

1/period   

Maximum Measures highest point in 
waveform. Unlike top, does not 
assume waveform has two levels. 

Highest value in waveform 
between cursors 

Gives similar result when 
applied to time domain 
waveform or histogram of data of 
same waveform. But with 
histograms, result may include 
contributions from more than 
one acquisition. Computes 
horizontal axis location of 
rightmost non-zero bin of 
histogram -- not to be confused 
with maxp. 

Mean Average of data for time domain 
waveform. Computed as centroid 
of distribution for a histogram.  

Average of data Gives similar result when 
applied to time domain 
waveform or histogram of data of 
same waveform. But with 
histograms, result may include 
contributions from more than 
one acquisition. 

Minimum Measures the lowest point in a 
waveform. Unlike base, does not 
assume waveform has two levels. 

Lowest value in waveform 
between cursors 

Gives similar result when 
applied to time domain 
waveform or histogram of data of 
same waveform. But with 
histograms, result may include 
contributions from more than 
one acquisition. 

Overshoot Overshoot negative: Amount of 
overshoot following a falling 
edge, as percentage of 
amplitude. 

(base  min.)/ampl x 100 Waveform must contain at least 
one falling edge. On signals not 
having two major levels (triangle 
or saw-tooth waves, for 
example), may not give 
predictable results. 

Overshoot+ Overshoot positive: Amount of 
overshoot following a rising edge 
specified as percentage of 
amplitude.  

(max.  top)/ampl x 100 Waveform must contain at least 
one rising edge. On signals not 
having two major levels (triangle 
or saw-tooth waves, for 
example), may not give 
predictable results. 
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Peak to peak Peak-to-peak: Difference 
between highest and lowest 
points in waveform. Unlike ampl, 
does not assume the waveform 
has two levels. 

maximum  minimum Gives a similar result when 
applied to time domain 
waveform or histogram of data of 
the same waveform. But with 
histograms, result may include 
contributions from more than 
one acquisition. 

Period Period of a cyclic signal 
measured as time between every 
other pair of 50% crossings. 
Starting with first transition after 
left cursor, period is measured for 
each transition pair, with values 
averaged to give final result.  

Where: Mr is the number of 
leading edges found, Mf the 
number of trailing edges found, 

 the time when rising edge i 

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

Rise Rise time: Duration of rising edge 
from 10-90%. 

Threshold arguments specify two 
vertical values on each edge 
used to compute rise time.  

Formulas for upper and lower 
values: 

lower = lower thresh. x amp/100 
+ base 

upper = upper thresh. x amp/100 
+ base 

Time at lower threshold 
minus 

Time at upper threshold 

 averaged over each rising 
edge 

On signals not having two major 
levels (triangle or saw-tooth 
waves, for example), top and 
base can default to maximum 
and minimum, giving, however, 
less predictable results. 

Rise 20-80% Rise 20% to 80%: Duration of 
pulse waveform's rising transition 
from 20% to 80%, averaged for 
all rising transitions between the 
cursors.  

Average duration of rising 
20-80% transition 

On signals not having two major 
levels (triangle or saw-tooth 
waves, for example), top and 
base can default to maximum 
and minimum, giving, however, 
less predictable results. 

RMS Root Mean Square of data 
between the cursors -- about 
same as sdev for a zero-mean 
waveform.  

 

Gives similar result when 
applied to time domain 
waveform or histogram of data of 
same waveform. But with 
histograms, result may include 
contributions from more than 
one acquisition.  

Where: vi denotes measured 
sample values, and N = number 
of data points within the periods 
found up to maximum of 100 
periods. 
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Skew Time of clock1 edge minus time 
of nearest clock2 edge. 

  Reference levels and edge-
transition polarity can be 
selected. Hysteresis argument 
used to discriminate levels from 
noise in data. Hysteresis on a 
measurement (if set to 500 
mdiv) requires that the signal 
must transition one way 1/2 
division (total swing) across the 
threshold for the measurement 
to be valid. 

Available with JTA2 and XMAP 
options. 

Std dev Standard deviation of the data 
between the cursors -- about the 
same as rms for a zero-mean 
waveform.   

Gives similar result when 
applied to time domain 
waveform or histogram of data of 
same waveform. But with 
histograms, result may include 
contributions from more than 
one acquisition. 

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

Top Higher of two most probable 
states, the lower being base; it is 
characteristic of rectangular 
waveforms and represents the 
higher most probable state 
determined from the statistical 
distribution of data point values in 
the waveform.  

Value of most probable 
higher state 

Gives similar result when 
applied to time domain 
waveform or histogram of data of 
same waveform. But with 
histograms, result may include 
contributions from more than 
one acquisition. 

WidthN Width measured at the 50% level 
and negative slope. 

    

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.  

Width of first positive or 
negative pulse averaged for 
all similar pulses 
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Resolution 

increased by  

-3 dB Bandwidth 

(× Nyquist) 

Filter Length 

(Samples) 

0.5 0.5 2 

1.0 0.241 5 

1.5 0.121 10 

2.0 0.058 24 

2.5 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 pass band. 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 -- 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. 

The following examples illustrate how you might use the instrument's enhanced resolution 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.
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where: xk is a complex array whose real part is the modified source time domain waveform, and whose 

imaginary part is 0; Xn is the resulting complex frequency-domain waveform; ; and N is 
the number of points in xk and Xn. 

The generalized FFT algorithm, as implemented here, works on N, which need not be a power of 2. 

3. The resulting complex vector Xn is divided by the coherent gain of the window function, in order to 
compensate for the loss of the signal energy due to windowing. This compensation provides accurate 
amplitude values for isolated spectrum peaks. 

4. The real part of Xn is symmetric around the Nyquist frequency, that is  

Rn = RN-n 

while the imaginary part is asymmetric, that is 

In = –IN-n 

The energy of the signal at a frequency n is distributed equally between the first and the second halves of 
the spectrum; the energy at frequency 0 is completely contained in the 0 term. 

The first half of the spectrum (Re, Im), from 0 to the Nyquist frequency is kept for further processing and 
doubled in amplitude: 

R'n = 2 x Rn_0  n < N/2 

I'n = 2 x In__0  n < N/2 

5. The resultant waveform is computed for the spectrum type selected.  

If "Magnitude" is selected, the magnitude of the complex vector is computed as: 

 
Steps 1–5 lead to the following result: 

An AC sine wave of amplitude 1.0 V with an integral number of periods Np in the time window, transformed with 
the rectangular window, results in a fundamental peak of 1.0 V magnitude in the spectrum at frequency Np x Delta 
f. However, a DC component of 1.0 V, transformed with the rectangular window, results in a peak of 2.0 V 
magnitude at 0 Hz. 

The waveforms for the other available spectrum types are computed as follows: 

Phase: angle = arctan (In/Rn)_Mn > Mmin 

_angle = 0_                 Mn  Mmin 

Where Mmin is the minimum magnitude, fixed at about 0.001 of the full scale at any gain setting, below which the 
angle is not well defined.  

The dBm Power Spectrum: 

 
where Mref = 0.316 V (that is, 0 dBm is defined as a sine wave of 0.316 V peak or 0.224 V rms, giving 1.0 mW into 
50 ohms). 

The dBm Power Spectrum is the same as dBm Magnitude, as suggested in the above formula.  

dBm Power Density: 
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where T is the duration of the time-domain record in seconds. 

The width of the main lobe of the filter centered at each bin depends on the window function used. The 
rectangular window has a nominal width at 1.0 bin. Other windows have wider main lobes (see table). 

Frequency Range The range of frequencies computed and displayed is 0 Hz (displayed at the left-hand edge of 
the screen) to the Nyquist frequency (at the rightmost edge of the trace). 

Frequency Resolution In a simple sense, the frequency resolution is equal to the bin width  Delta f. That is, if the 
input signal changes its frequency by Delta f, the corresponding spectrum peak will be displaced by Df. For 
smaller changes of frequency, only the shape of the peak will change. 

However, the effective frequency resolution (that is, the ability to resolve two signals whose frequencies are 
almost the same) is further limited by the use of window functions. The ENBW value of all windows other than the 
rectangular is greater than Delta f and the bin width. The table of Window Frequency-Domain Parameters lists the 
ENBW values for the implemented windows. 

Leakage In the power spectrum of a sine wave with an integral number of periods in the (rectangular) time 
window (that is, the source frequency equals one of the bin frequencies), the spectrum contains a sharp 
component whose value accurately reflects the source waveform's amplitude. For intermediate input frequencies 
this spectral component has a lower and broader peak.  

The broadening of the base of the peak, stretching out into many neighboring bins, is termed leakage. It is due to 
the relatively high side lobes of the filter associated with each frequency bin. 

The filter side lobes and the resulting leakage are reduced when one of the available window functions is applied. 
The best reduction is provided by the Blackman–Harris and Flattop windows. However, this reduction is offset by 
a broadening of the main lobe of the filter. 

Number of Points The FFT is computed over the number of points (Transform Size) whose upper bounds are the 
source number of points, and by the maximum number of points selected in the menu. The FFT generates 
spectra of N/2 output points. 

Nyquist Frequency The Nyquist frequency is equal to one half of the effective sampling frequency (after the 
decimation):  Delta f x N/2. 

Picket Fence Effect If a sine wave has a whole number of periods in the time domain record, the power 
spectrum obtained with a rectangular window will have a sharp peak, corresponding exactly to the frequency and 
amplitude of the sine wave. Otherwise the spectrum peak with a rectangular window will be lower and broader. 

The highest point in the power spectrum can be 3.92 dB lower (1.57 times) when the source frequency is halfway 
between two discrete bin frequencies. This variation of the spectrum magnitude is called the picket fence effect 
(the loss is called the scallop loss). 

All window functions compensate for this loss to some extent, but the best compensation is obtained with the 
Flattop window. 

Power Spectrum The power spectrum (V2) is the square of the magnitude spectrum. 

The power spectrum is displayed on the dBm scale, with 0 dBm corresponding to: 

Vref
2 = (0.316 Vpeak)2,  

where Vref is the peak value of the sinusoidal voltage, which is equivalent to 1 mW into 50 ohms. 

Power Density Spectrum The power density spectrum (V2/Hz) is the power spectrum divided by the equivalent 
noise bandwidth of the filter, in hertz. The power density spectrum is displayed on the dBm scale, with 0 dBm 
corresponding to (Vref

2/Hz). 

Sampling Frequency The time-domain records are acquired at sampling frequencies dependent on the selected 
time base. Before the FFT computation, the time-domain record may be decimated. If the selected maximum 
number of points is lower than the source number of points, the effective sampling frequency is reduced. The 
effective sampling frequency equals twice the Nyquist frequency. 

Scallop Loss This is loss associated with the picket fence effect.  

ManualsPlus.com

https://www.manualsplus.com/


https://www.manualsplus.com/


https://www.manualsplus.com/


https://www.manualsplus.com/


https://www.manualsplus.com/


https://www.manualsplus.com/


https://www.manualsplus.com/


https://www.manualsplus.com/


https://www.manualsplus.com/

