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Software Product is licensed as a single product. Its component parts may not be separated for 
use by more than one user.  This EULA does not grant you any rights in connection with any 
trademarks or service marks of LeCroy.  The Software Product is protected by copyright laws and 
international copyright treaties, as well as other intellectual property laws and treaties. The 
Software Product is licensed, not sold.  The terms of this printed, paper EULA supersede the 
terms of any on-screen license agreement found within the Software Product. 
1.2 Upgrades. If the Software Product is labeled as an “upgrade,” (or other similar designation) 
the License will not take effect, and you will have no right to use or access the Software Product 
unless you are properly licensed to use a product identified by LeCroy as being eligible for the 
upgrade (“Underlying Product”).  A Software Product labeled as an “upgrade” replaces and/or 
supplements the Underlying Product.  You may use the resulting upgraded product only in 
accordance with the terms of this EULA. If the Software Product is an upgrade of a component of 
a package of software programs that you licensed as a single product, the Software Product may 
be used and transferred only as part of that single product package and may not be separated for 
use on more than one computer. 
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 
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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. 
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. 
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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. 
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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. 
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. 
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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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(1) BMA-to-SMA Adapter; (2) BMA-to-BNC Adapter 
 

 
 

(1) BMA Female Connector, (2) ProLink BMA-to-SMA Adapter Installed, (3) ProLink BMA-to-BNC Adapter 
Installed 

 
Note: When connecting an active probe to the instrument, be sure to use a ProLink BMA-to-BNC adapter (item 3 in the 
figure). Do not plug the probe directly into the front panel connector (item 1) without an adapter. 
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3. Touch inside the Trigger On data entry field and select an input from the pop-up menu: 

 

4. Touch inside the Level data entry field . In the pop-up numeric keypad, 

enter a value in millivolts or use the up/down buttons  to increase or decrease the 
value in increments of 1 mV. Or, touch one of the preset value buttons: 

 
Max. 1.000 V 
Default 0 mV 
Min. 1.000 V 

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: 
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• 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 

 
6. Choose Positive or Negative slope 
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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. 
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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. 
Interval Trigger Setup 
1. In the menu bar, touch Trigger, then Trigger Setup... in the drop-down menu. 

2. Touch the Interval trigger button . 
3. Touch inside the Trigger On data entry field and select a source on which to trigger. 

Touch inside the Level data entry field and enter a value using the pop-up numeric keypad. 
4. Select positive or negative slope. 
5. Touch the LessThan button and enter a pulse-width value in the Upper Limit data entry 

field. 
Or touch the GreaterThan button and enter a value in the Lower Limit data entry field. 
Or touch the InRange button.  
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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. 

Qualified First Trigger 
Qualified First trigger is intended to be used exclusively in Sequence Mode to speed up the 
trigger rate. With Qualified First trigger, a single valid trigger is sufficient to acquire a full 
sequence. Other than in Sequence Mode, Qualified First is identical to the Qualified triggers. 
In data storage applications, the index pulse can be defined as the qualifier signal and the servo 
gate signal as the trigger source. 
Edge Qualified Trigger Setup 
1. In the menu bar, touch Trigger, then Trigger Setup... in the drop-down menu. 

2. Touch the Qualify trigger button . 
3. Touch inside the Trigger On data entry field and select a source on which to trigger. 

Select Positive or Negative slope. 
 

90  SDA-OM-E Rev H 

ManualsPlus.com

https://www.manualsplus.com/


https://www.manualsplus.com/


https://www.manualsplus.com/


SDA Operator’s Manual 

How Dropout Trigger Works 

 
 

Dropout Trigger: occurs when the timeout has expired. The bold upward-pointing arrows show where the trigger 
occurs. 

Dropout Trigger Setup 
1. In the menu bar, touch Trigger, then Trigger Setup... in the drop-down menu. 
2. Touch the Dropout trigger button. 

 
3. Select Positive or Negative slope. 
4. Touch inside the Trigger after timeout data entry field and enter a time window using the 

pop-up numeric keypad. 
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If you are saving to file, touch the Data Format field and select a format type from the pop-up 
menu: 
 

.  
 
If you select ASCII or Excel, also touch the SubFormat field and select either Time Data or 
Time & Ampl. Then touch the Delimiter field and select a delimiter character from the pop-up 
menu: comma, space, semicolon, or tab. 
1. Touch the Browse button for the Save file in directory field and browse to the location 

where you want the file saved. The file name is assigned automatically and is shown below 
the field. 

2. Touch . 
Auto Save 
You can also enable Auto Save from this dialog by touching one of the Auto Save buttons: 
 

 
 
• Wrap (old files overwritten) Or 
• Fill (no files overwritten). 
 

 CAUTION 
If you select Fill, you can quickly use up all disk space on your hard disk. 
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6. Touch the Histogram button at the bottom of the dialog. 
7. Touch a math trace in which to place the resulting histogram, then close the pop-up menu. 
8. Touch the math trace label for the math trace you just created. 
9. In the dialog to the right, touch the Histogram tab. 
10. Under "Buffer," touch inside the #Values data entry field and enter a value. 
11. Under "Scaling," touch inside the #Bins data entry field and enter a value from 20 to 2000. 
12. Touch the Find Center and Width button to center the histogram. Or touch inside the Center, 

then the Width, data entry fields and enter a value using the pop-up numeric keypad. 
From the Math Dialog 
1. In the menu bar, touch Math, then Math Setup. 
2. Touch one of function tabs F1 through Fx The number of math traces available depends on 

the software options loaded on your scope. See specifications.. 

3. Touch the Graph button . 
4. Touch inside the Source1 field and select a source from the pop-up menu. 
5. Touch inside the Measurement field and select a parameter from the pop-up menu. 
6. Touch inside the Graph with field and select Histogram from the pop-up menu. 
7. In the dialog to the right, touch the Histogram tab. 
8. Under "Buffer," touch inside the #Values data entry field and enter a value from 20 to 1000. 
9. Under "Scaling," touch inside the #Bins data entry field and enter a value from 20 to 2000. 
10. Touch the Find Center and Width button to center the histogram. Or touch inside the 

Center, then the Width, data entry fields and enter a value using the pop-up numeric keypad. 
11. Touch inside the Vertical Scale field and select Linear or Linear Constant Max from the 

pop-up menu 

. 
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fwxx  Full Width at xx% Maximum 
Definition: Determines the width of the largest area peak, measured between bins on either 

side of the highest bin in the peak that have a population of xx% of the highest's 
population. If several peaks have an area equal to the maximum population, the 
leftmost peak is used in the computation.  

Description: First, the highest population peak is identified and the height of its highest bin 
(population) determined (see the pks description). Next, the bin populations to 
the right and left are found until a bin on each side is found to have a population 
of less than xx% of that of the highest bin. A line is calculated on each side, from 
the center point of the first bin below the 50% population to that of the adjacent 
bin, towards the highest bin. The intersection points of these lines with the xx% 
height value is then determined. The length of a line connecting the intersection 
points is the value for fwxx.  

Example: fwxx with threshold set to 35%: 
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hist ampl  Histogram Amplitude 
Definition: The difference in value of the two most populated peaks in a histogram. This 

parameter is useful for waveforms with two primary parameter values, such as 
TTL voltages, where hampl would indicate the difference between the binary `1' 
and `0' voltage values.  

Description: The values at the center (line dividing the population of peak in half) of the two 
highest peaks are determined (see pks parameter description:). The value of the 
leftmost of the two peaks is the histogram base (see hbase). While that of the 
rightmost is the histogram top (see htop). The parameter is then calculated as:  
 hampl = htop - hbase 

Example: 

 
In this histogram, hampl is 152 mV - 150 mV = 2 mV. 
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hbase  Histogram Base 

Definition: The value of the leftmost of the two most populated peaks in a histogram. This 
parameter is primarily useful for waveforms with two primary parameter values 
such as TTL voltages where hbase would indicate the binary `0' voltage value.  

Description: The two highest histogram peaks are determined. If several peaks are of equal 
height the leftmost peak among these is used (see pks). Then the leftmost of the 
two identified peaks is selected. This peak's center value (the line that divides 
the population of the peak in half) is the hbase.  

Example: 
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hist rms  Histogram Root Mean Square 
Definition: The rms value of the values in a histogram.  

Description: The center value of each populated bin is squared and multiplied by the 
population (height) of the bin. All results are summed and the total is divided by 
the population of all the bins. The square root of the result is returned as hrms. 

Example: Using the histogram shown here, the value for hrms is: 
hrms =  = 2.87 
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hist top  Histogram Top 

Definition: The value of the rightmost of the two most populated peaks in a histogram. This 
parameter is useful for waveforms with two primary parameter values, such as 
TTL voltages, where htop would indicate the binary `1' voltage value.  

Description: The two highest histogram peaks are determined. The rightmost of the two 
identified peaks is then selected. The center of that peak is htop (center is the 
horizontal point where the population to the left is equal to the area to the right).  

Example: 
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maxp  Maximum Population 
Definition: The count (vertical value) of the highest population bin in a histogram.  

Description: Each bin between the parameter cursors is examined for its count. The highest 
count is returned as maxp.  

Example: On the following histogram, the maxp is 14. 
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mode  Mode 

Definition: The value of the highest population bin in a histogram.  
Description: Each bin between the parameter cursors is examined for its population count. 

The leftmost bin with the highest count found is selected. Its center value is 
returned as mode.  

Example: Here, the mode is 150 mV. 
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pctl  Percentile 
Definition: Computes the horizontal data value that separates the data in a histogram such 

that the population on the left is a specified percentage `xx' of the total 
population. When the threshold is set to 50%, pctl is the same as hmedian.  

Description: The total population of the histogram is determined. Scanning from left to right, 
the population of each bin is summed until a bin that causes the sum to equal or 
exceed `xx'% of the population value is encountered. A ratio of the number of 
counts needed for `xx'% population/total bin population is then determined for 
the bin. The horizontal value of the bin at that ratio point of its range is found, 
and returned as pctl. 

Example: The total population of a histogram is 100. The histogram range is divided into 
20 bins and `xx' is set to 25%. The population sum at the sixth bin from the left is 
22. The population of the seventh is 9 and its sub-range is 6.1 to 6.4 V. The ratio 
of counts needed for 25% population to total bin population is:  
 3 counts needed / 9 counts = 1/3. 
 The value for pctl is: 
 6.1 volts + .33 * (6.4 - 6.1) volts = 6.2 volts. 
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pks  Peaks 

Definition: The number of peaks in a histogram.  
Description: The instrument analyzes histogram data to identify peaks from background noise 

and histogram binning artifacts such as small gaps.  
 Peak identification is a 3-step process: 
 The mean height of the histogram is calculated for all populated bins. A 
threshold (T1) is calculated from this mean, where:  
T1= mean + 2 sqrt (mean). 
A second threshold is determined based on all populated bins under T1 in 
height, where: 
T2 = mean + 2 * sigma, 
and where sigma is the standard deviation of all populated bins under T1. 
 
Once T2 is defined, the histogram distribution is scanned from left to right. Any 
bin that crosses above T2 signifies the existence of a peak. Scanning continues 
to the right until one bin or more crosses below T2. However, if the bins cross 
below T2 for less than a hundredth of the histogram range, they are ignored, and 
scanning continues in search of peaks that cross under T2 for more than a 
hundredth of the histogram range. Scanning goes on over the remainder of the 
range to identify additional peaks. Additional peaks within a fiftieth of the range 
of the populated part of a bin from a previous peak are ignored. 

Note: If the number of bins is set too high, a histogram may have many small 
gaps. This increases sigma and, thereby, T2. In extreme cases, it can prevent 
determination of a peak, even if one appears to be present to the eye. 

Example: Here the two peaks have been identified. The peak with the highest population is 
peak #1. 
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range  Range 
Definition: Computes the difference between the value of the rightmost and that of the 

leftmost populated bin.  
Description: The rightmost and leftmost populated bins are identified. The difference in value 

between the two is returned as the range.  
Example: In this example, the range is 2 mV. 
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totp  Total Population 
Definition: Calculates the total population of a histogram between the parameter cursors.  

Description: The count for all populated bins between the parameter cursors is summed.  
Example: The total population of this histogram is 9. 
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xapk  X Coordinate of xxth Peak 

Definition: Returns the value of the xxth peak that is the largest by area in a histogram.  
Description: First the peaks in a histogram are determined and ranked in order of total area 

(for a discussion on how peaks are identified see the description for the pks 
parameter). The center of the nth ranked peak (the point where the area to the 
left is equal to the area to the right), where n is selected by you, is then returned 
as xapk.  

Example: The rightmost peak is the largest, and is thus ranked first in area (1). The 
leftmost peak, although higher, is ranked second in area (2). The lowest peak is 
also the smallest in area (3). 
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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 

 
 

5. Read the status information in line StatusDescription. 
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Standard Horizontal Parameter Help Markers 
 

 
 

Standard Vertical Parameter Help Markers 
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The analysis attempts to identify the two clusters containing the largest data density. Then, the 
most probable state (centroids) associated with these two clusters is computed to determine the 
top and base reference levels: the top line corresponds to the top and the base line to the bottom 
centroid.  

 
Figure 1 

 

Determining Rise and Fall Times 
Once top and base are estimated, calculation of the rise and fall times is easily done (see 
previous figure). The 90% and 10% threshold levels are automatically determined by the 
instrument, using the amplitude (ampl) parameter. 
Threshold levels for rise or fall time can also be selected using absolute or relative settings 
(r@level, f@level). If absolute settings are chosen, the rise or fall time is measured as the time 
interval separating the two crossing points on a rising or falling edge. But when relative settings 
are chosen, the vertical interval spanned between the base and top lines is subdivided into a 
percentile scale (base = 0 %, top = 100 %) to determine the vertical position of the crossing 
points.  
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Time-parameter estimation depends on the number of cycles included within the observation 
window. If the number of cycles is not an integer, parameter measurements such as rms or mean 
are biased. However, only the last value is actually displayed, the mean being available when 
statistics are enabled. To avoid these bias effects, the instrument uses cyclic parameters, 
including crms and cmean, which restrict the calculation to an integer number of cycles. 

 
Figure 2 
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Parameter Description Definition Notes 

Area Integral of data: Computes area of 
waveform between cursors relative 
to zero level. Values greater than 
zero contribute positively to the 
area; values less than zero 
negatively.  

Sum from first to last 
of data multiplied by 
horizontal time 
between points 

Standard parameter.. 

Avg Power Average power of the waveform  Available with SDA and SDM 
options. 
Standard in SDA100G scopes. 

Base Lower of two most probable states 
(higher is top). Measures lower 
level in two-level signals. Differs 
from min in that noise, overshoot, 
undershoot, and ringing do not 
affect measurement.  

Value of most 
probable lower state 

On signals not having two 
major levels (triangle or saw-
tooth waves, for example), 
returns same value as min. 
Standard parameter. 

Bit Rate One over duration of one UI 
measured on an eye 

 Available with SDA option. 
Standard in SDA, SDA100G, 
and WaveExpert scopes. 

CMACp PCI Express V TX-CM-ACp and V 
RX-CM-Acp 

 Available with PCIE option. 

Cycles Determines number of cycles of a 
periodic waveform lying between 
cursors. First cycle begins at first 
transition after the left cursor. 
Transition may be positive- or 
negative-going.  

Number of cycles of 
periodic waveform 

Standard parameter. 

cyclic 
Mean 

Cyclic mean: Computes the 
average of waveform data. 
Contrary to mean, computes 
average over an integral number of 
cycles, eliminating bias caused by 
fractional intervals.  

Average of data 
values of an integral 
number of periods 

Choose this parameter by 
selecting Mean from the 
parameter table, then touching 
the Cyclic checkbox. 
Standard parameter. 

Area Integral of data: Computes area of 
waveform between cursors relative 
to zero level. Values greater than 
zero contribute positively to the 
area; values less than zero 
negatively.  

Sum from first to last 
of data multiplied by 
horizontal time 
between points 

Standard parameter.. 

cyclic 
RMS 

Cyclic root mean square: 
Computes square root of sum of 
squares of data values divided by 
number of points. Contrary to rms, 
calculation is performed over an 
integral number of cycles, 
eliminating bias caused by 
fractional intervals. 

Where: vi denotes measured 
sample values, and N = 
number of data points within 
the periods found. 
Choose this parameter by 
selecting RMS from the 
parameter table, then touching 
the Cyclic checkbox. 
Standard parameter. 
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Parameter Description Definition Notes 

cyclic 
Std dev 

Cyclic standard deviation: Standard 
deviation of data values from mean 
value over integral number of 
periods. Contrary to sdev, 
calculation is performed over an 
integral number of cycles, 
eliminating bias caused by 
fractional intervals. 

Where: vi denotes measured 
sample values, and N = 
number of data points within 
the periods found. 
Choose this parameter by 
selecting Std dev from the 
parameter table, then touching 
the Cyclic checkbox. 
Standard parameter. 

DCD Amount of jitter due to duty cycle 
distortion 

 Available with SDA and ENET 
options. 
Standard in SDA and 
WaveExpert scopes. 

DDj Amount of data dependent jitter in 
a signal 

 Available with SDA option. 

Delay Time from trigger to transition: 
Measures time between trigger and 
first 50% crossing after left cursor. 
Can measure propagation delay 
between two signals by triggering 
on one and determining delay of 
other.  

Time between trigger 
and first 50% 
crossing after left 
cursor 

Standard parameter. 

Delta delay delay: Computes time between 
50% level of two sources. 

Time between 
midpoint transition of 
two sources 

Standard parameter. 

Dj Effective Amount of deterministic jitter 
(estimated) in a signal 

 Available with SDA option. 

DOV Differential Output Voltage of a 
100Base-T signal 

 Available with ENET option. 

Dperiod@level Adjacent cycle deviation (cycle-to-
cycle jitter) of each cycle in a 
waveform 

  Reference levels and edge-
transition polarity can be 
selected. Hysteresis argument 
used to discriminate levels 
from noise in data. 
Available with JTA2 and 
XMAP options. 
Standard in SDA100G scopes.

Droop FG 1000Base-T test mode 1 droop 
from F to G 

 Available with ENET option. 

Droop HJ 1000Base-T test mode 1 droop 
from H to J 

 Available with ENET option. 
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Parameter Description Definition Notes 

Dtime@level t at level: Computes transition 
between selected levels or 
sources. 

Time between 
transition levels of 
two sources, or from 
trigger to transition 
level of a single 
source 
This measurement 
gives the time of the 
source 2 edge minus 
the time of the source 
1 edge.  

Reference levels and edge-
transition polarity can be 
selected. Hysteresis argument 
used to discriminate levels 
from noise in data. 
Standard parameter. 

Dtrig Time Time from last trigger to this trigger  Standard in WaveRunner 
6000A, WavePro 7000A, 
WaveMaster, and sampling 
scopes. 

Duration For single sweep waveforms, dur is 
0; for sequence waveforms: time 
from first to last segment's trigger; 
for single segments of sequence 
waveforms: time from previous 
segment's to current segment's 
trigger; for waveforms produced by 
a history function: time from first to 
last accumulated waveform's 
trigger.  

Time from first to last 
acquisition: for 
average, histogram or 
sequence waveforms

Standard parameter. 

Duty@level Percent of period for which data 
are above or below a specified 
level. 

  Reference levels and edge-
transition polarity can be 
selected. Hysteresis argument 
used to discriminate levels 
from noise in data. 
Available with JTA2 and 
XMAP options. 

Duty cycle Duty cycle: Width as percentage of 
period.  

width/period Standard parameter. 

Dwidth@level Difference of adjacent width above 
or below a specified level. 

  Reference levels and edge-
transition polarity can be 
selected. Hysteresis argument 
used to discriminate levels 
from noise in data. 
Available with JTA2 and 
XMAP options. 
Standard in SDA100G scopes. 
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Parameter Description Definition Notes 

Edge@level Number of edges in waveform.   Reference levels and edge-
transition polarity can be selected. 
Hysteresis argument used to 
discriminate levels from noise in 
data. 
Available with JTA2, USB2, SDA, 
and XMAP options. 
Standard in SDA100G and 
WavePro 7000A scopes. 

Ext Ratio Ratio of the power levels of an eye 
diagram 

 Available with SDA and SDM 
options. 
Standard in SDA, SDA100G, and 
WaveExpert scopes. 

Excel Performs measurements in Excel 
by transferring one or two 
waveforms and reading the 
resulting parameter value. 

  Available with XMAP and XDEV 
options. 
Standard on DDA-5005A scope. 
Excel must be loaded on the 
instrument. 

Eye AC RMS Root mean square of data within 
one UI 

 Standard in SDA and WaveExpert 
scopes. 

Eye Amplitude Difference  of the levels of an eye 
diagram 

 Available with SDA and SDM 
options. 
Standard in SDA, SDA100G, and 
WaveExpert scopes. 

Eye BER Bit Error Rate estimated from an 
eye diagram 

 Available with SDA and SDM 
options. 
Standard in SDA, SDA100G, and 
WaveExpert scopes. 

Eye Bit Rate One over duration of one UI 
measured on an eye 

 Standard in SDA and WaveExpert 
scopes. 

Eye Bit Time Duration of one UI measured on an 
eye 

 Standard in SDA and WaveExpert 
scopes. 

Eye Crossing Level of the crossing in an eye 
diagram 

 Available with SDA and SDM 
options. 
Standard in SDA, SDA100G, and 
WaveExpert scopes. 

Eye CrossN Time of first crossing 50% level 
with negative edge of an eye 
relative to trigger or eye reference 

 Standard in SDA and WaveExpert 
scopes. 

Eye CrossP Time of first crossing 50% level 
with positive edge of an eye 
relative to trigger or eye reference 

 Standard in SDA and WaveExpert 
scopes. 

Eye Cyc Area The area under the mean 
persistence trace under first UI 

 Standard in SDA and WaveExpert 
scopes. 

Eye Delay Time of first crossing of an eye 
relative to trigger or eye reference 

 Standard in SDA and WaveExpert 
scopes. 

Eye Delt Dly Delay of crossing times between 
two eyes 

 Standard in SDA and WaveExpert 
scopes. 
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Parameter Description Definition Notes 

Eye FallTime Fall time of the mean of 
persistence data 

 Standard in SDA and 
WaveExpert scopes. 

Eye Height Size of the vertical opening of an 
eye diagram 

 Available with SDA and SDM 
options. 
Standard in SDA, SDA100G, 
and WaveExpert scopes. 

Eye Mean Mean level of an eye  Standard in SDA and 
WaveExpert scopes. 

Eye Mean Mean level of an eye  Standard in SDA and 
WaveExpert scopes. 

Eye OverN Negative overshoot measured on 
an eye 

 Standard in SDA and 
WaveExpert scopes. 

Eye OverP Positive overshoot measured on an 
eye 

 Standard in SDA and 
WaveExpert scopes. 

Eye Pk Noise Peak-to-peak noise of a level on an 
eye diagram 

 Standard in SDA and 
WaveExpert scopes. 

Eye PkPk Jit Peak-to-peak jitter measured on 
eye persistence 

 Standard in SDA and 
WaveExpert scopes. 

Eye Pulse Wid The width of the eye measured at 
mid level 

 Standard in SDA and 
WaveExpert scopes. 

Eye Q Factor Q factor measured within the eye 
aperture 

 Available with SDA and SDM 
options. 
Standard in SDA, SDA100G, 
and WaveExpert scopes. 

Eye RiseTime Rise time of the mean of 
persistence data 

 Standard in SDA and 
WaveExpert scopes. 

Eye RMS Jit Root mean square jitter of an eye  Standard in SDA and 
WaveExpert scopes. 

Eye SD Noise The standard deviation of data on 
one eye level 

 Standard in SDA and 
WaveExpert scopes. 

Eye SgToNoise Signal to noise of an eye diagram  Standard in SDA and 
WaveExpert scopes. 

Eye SupRatio Suppression ratio of an eye  Standard in SDA and 
WaveExpert scopes. 

Eye Width Size of the horizontal opening of an 
eye diagram 

 Available with SDA and SDM 
options. 
Standard in SDA, SDA100G, 
and WaveExpert scopes. 
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Parameter Description Definition Notes 

Fall time Fall time: Duration of falling edge 
from 90-10%. 

Threshold arguments specify two 
vertical values on each edge used 
to compute fall time. Formulas for 
upper and lower values: 
lower = lower thresh. x amp/100 + 
base 
upper = upper thresh. x amp/100 + 
base 

Time at upper 
threshold minus 
Time at lower 
threshold 
averaged over each 
falling 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. 
Standard parameter. 

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. 
Standard parameter. 

Fall@level Fall at level: Duration of pulse 
waveform's falling edges between 
user-specified transition levels. See 
also Rise@level. 

Transition time for % or 
absolute levels of all 
falling edges. 

Enhanced version sets 
measurement 
calculations to use one 
of the following: 

Base & Top (% or 
absolute) 

Peak-Peak (%) 

0V-Min (%) 

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. 
Standard parameter. 
Enhanced parameter available 
with EMC option. 

First Indicates value of horizontal axis at 
left cursor. 

Horizontal axis value 
at left cursor 

Indicates location of left 
cursor. Cursors are 
interchangeable: for example, 
the left cursor may be moved 
to the right of the right cursor 
and first will give the location 
of the cursor formerly on the 
right, now on left. 
Standard parameter. 
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Parameter Description Definition Notes 

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 Standard parameter. 

Freq@level Frequency at a specific level and 
slope for every cycle in waveform. 

  Reference levels and edge-
transition polarity can be 
selected. Hysteresis argument 
used to discriminate levels 
from noise in data. 
Available with JTA2 and 
XMAP options. 
Standard in SDA100G and 
WavePro 7000A scopes. 

FWHM Measures the width of the largest 
area histogram peak at half of the 
population of the highest peak. 

  Available with DDM2, JTA2, 
XMATH, XWAV, CAN02, SDA, 
and XMAP options. 
Standard in DDA-5005A, 
SDA100G, and WaveExpert 
scopes. 

Half period Half period of a waveform.   Reference levels and edge-
transition polarity can be 
selected. Hysteresis argument 
used to discriminate levels 
from noise in data. 
Available with JTA2, SDA, and 
XMAP options. 
Standard in SDA100G scopes. 

Hist ampl Difference in value between the 
two most populated peaks in a 
histogram. 

  Available with DDM2, JTA2, 
XMATH, XWAV, CAN02, SDA, 
and XMAP options. 
Standard in DDA-5005A, 
SDA100G, WaveExpert, and 
sampling scopes. 

Hist base Value of the left-most of the two 
most populated histogram peaks. 

  Available with DDM2, JTA2, 
XMATH, XWAV, CAN02, SDA, 
and XMAP options. 
Standard in DDA-5005A, 
SDA100G, WaveExpert, and 
sampling scopes. 
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Parameter Description Definition Notes 

Hist maximum Value of the highest (right-most) 
populated bin in a histogram. 

  Available with DDM2, JTA2, 
XMATH, XWAV, CAN02, SDA, 
and XMAP options. 
Standard in DDA-5005A, 
SDA100G, WaveExpert, and 
sampling scopes. 

Hist Max Pop Peak with maximum population in a 
histogram. 

 Available with DDM2, JTA2, 
XMATH, XWAV, CAN02, SDA, 
and XMAP options. 
Standard in DDA-5005A, 
SDA100G, WaveExpert, and 
sampling scopes. 

Hist mean Average or mean value of data in 
the histogram. 

  Available with DDM2, JTA2, 
XMATH, XWAV, CAN02, SDA, 
and XMAP options. 
Standard in DDA-5005A, 
SDA100G, and WaveExpert 
scopes. 

Hist median Value of the "X" axis of a histogram 
that divides the population into two 
equal halves. 

  Available with DDM2, JTA2, 
XMATH, XWAV, CAN02, SDA, 
and XMAP options. 
Standard in DDA-5005A, 
SDA100G, WaveExpert, and 
sampling scopes. 

Hist minimum Value of the lowest (left-most) 
populated bin in a histogram. 

  Available with DDM2, JTA2, 
XMATH, XWAV, CAN02, SDA, 
and XMAP options. 
Standard in DDA-5005A, 
SDA100G, and WaveExpert 
scopes. 

Hist Mode Position of the highest histogram 
peak. 

 Available with DDM2, JTA2, 
XMATH, XWAV, CAN02, SDA, 
and XMAP options. 
Standard in DDA-5005A, 
SDA100G, WaveExpert, and 
sampling scopes. 

Hist Pop@X Population at bin for specified 
horizontal coordinate. You can 
place the cursor at any bin and use 
either Absolute, Reference, or 
Difference cursor shape. 

 Available with DDM2, JTA2, 
SDM, XMATH, XWAV, 
CAN02, SDA, and XMAP 
options. 
Standard in DDA-5005A, 
SDA100G, and sampling 
scopes. 
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Hist Range Calculates range (max - min) of a 
histogram. 

 Available with DDM2, JTA2, 
ENET, XMATH, XWAV, 
CAN02, SDA, and XMAP 
options. 
Standard in DDA-5005A, 
SDA100G, WaveExpert, and 
sampling scopes. 

Hist rms Root mean square of the values in 
a histogram. 

  Available with DDM2, JTA2, 
XMATH, XWAV, CAN02, SDA, 
and XMAP options. 
Standard in DDA-5005A, 
SDA100G, and sampling 
scopes 

Hist sdev Standard deviation of values in a 
histogram. 

  Available with DDM2, JTA2, 
XMATH, XWAV, CAN02, SDA, 
and XMAP options. 
Standard in DDA-5005A, 
SDA100G, WaveExpert, and 
sampling scopes. 

Hist top Value of the right-most of the two 
most populated histogram peaks. 

  Available with DDM2, JTA2, 
XMATH, XWAV, CAN02, SDA, 
and XMAP options. 
Standard in DDA-5005A, 
SDA100G, WaveExpert, and 
sampling scopes. 

Hist X@peak The value of the nth highest 
histogram peak. 

 Applies only to histograms. 
Available with JTA2, XMATH, 
XWAV, CAN02, DDM2, SDA, 
and XMAP options. 
Standard in DDA-5005A, 
SDA100G, and WaveExpert 
scopes. 

Hold time Time from the clock edge to the 
data edge. You can set levels, 
slope, and hysteresis 
independently for Hold Clock and 
Hold Data. See also Setup 
parameter. 

  Reference levels and edge-
transition polarity can be 
selected. Hysteresis argument 
used to discriminate levels 
from noise in data. 
Available with JTA2, ENET, 
USB2, SDA, and XMAP 
options. 
Standard in SDA100G scopes. 

Hparam Script Visual Basic (or Java) script which 
produces a measurement from one 
or two input 
histogram results 

 Available with XMAP, ASDA, 
and XDEV options. 
Standard in DDA-5005A. 
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Jitter Filter Jitter in the specified frequency 
band. Generates a time sequence 
of jitter measurements that are 
filtered by the selected band-pass 
filter. 

 Available with ASDA option. 

Last Time from trigger to last (rightmost) 
cursor.  

Time from trigger to 
last cursor 

Indicates location of right 
cursor. Cursors are 
interchangeable: for example, 
the right cursor may be moved 
to the left of the left cursor and 
first will give the location of the 
cursor formerly on the left, now 
on right. 
Standard parameter. 

Level@X Gives the vertical value at the 
specified x position. If the x position 
is between two points, it gives the 
interpolated value. When the 
Nearest point checkbox is 
checked, it gives the vertical value 
of the nearest data point. 

  Standard parameter. 

Local base Value of the baseline for a local 
feature. 

  Hysteresis argument used to 
discriminate levels from noise 
in data. 
Available with DDM2 option. 
Standard in DDA-5005A. 

Local bsep Local baseline separation, between 
rising and falling slopes. 

  Hysteresis argument used to 
discriminate levels from noise 
in data. 
Available with DDM2 option. 
Standard in DDA-5005A. 

Local max Maximum value of a local feature. If 25% of the way 
down toward min is 
more than 10,000 
points, the extremal 
value is used as 
the local max. 

Hysteresis argument used to 
discriminate levels from noise 
in data. 
Available with DDM2 option. 
Standard in DDA-5005A. 

Local min Minimum value of a local feature. If 25% of the way 
up toward max is 
more than 10,000 
points, the extremal 
value is used as 
the local min. 

Hysteresis argument used to 
discriminate levels from noise 
in data. 
Available with DDM2 option. 
Standard in DDA-5005A. 
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Local number Number of local features 
(peak/trough pairs). 

  Hysteresis argument used to 
discriminate levels from noise 
in data. 
Available with DDM2 option. 
Standard in DDA-5005A. 

Local pkpk Vertical difference between the 
peak and trough of a local feature 
(lmax  lmin). 

  Hysteresis argument used to 
discriminate levels from noise 
in data. 
Available with DDM2 option. 
Standard in DDA-5005A. 

Local tbe Time between events (between 
local peak and next trough or local 
trough and next peak). 

  Hysteresis argument used to 
discriminate levels from noise 
in data. 
Available with DDM2 option. 
Standard in DDA-5005A. 

Local tbp Time between a local feature peak 
and the next local peak. 

  Hysteresis argument used to 
discriminate levels from noise 
in data. 
Available with DDM2 option. 
Standard in DDA-5005A. 

Local tbt Time between a local feature 
trough and the next local trough. 

  Hysteresis argument used to 
discriminate levels from noise 
in data. 
Available with DDM2 option. 
Standard in DDA-5005A. 

Local tmax Time of the maximum value of a 
local feature. 

  Hysteresis argument used to 
discriminate levels from noise 
in data. 
Available with DDM2 option. 
Standard in DDA-5005A. 

Local tmin Time of the minimum value of a 
local feature. 

  Hysteresis argument used to 
discriminate levels from noise 
in data. 
Available with DDM2 option. 
Standard in DDA-5005A. 

Local tot Time a local feature spends over a 
user specified percentage of its 
peak-to-trough amplitude. 

  Hysteresis argument used to 
discriminate levels from noise 
in data. 
Available with DDM2 option. 
Standard in DDA-5005A. 

Local tpt Time between local feature peak 
and trough. 

  Hysteresis argument used to 
discriminate levels from noise 
in data. 
Available with DDM2 option. 
Standard in DDA-5005A. 
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Local ttp Time between local feature trough 
and the next local peak. 

 Hysteresis argument used to 
discriminate levels from noise 
in data. 
Available with DDM2 option. 
Standard in DDA-5005A. 

Local tut Time a local feature spends under 
a user specified percentage of its 
peak-to-trough amplitude. 

  Hysteresis argument used to 
discriminate levels from noise 
in data. 
Available with DDM2 option. 
Standard in DDA-5005A. 

Mathcad Produces a parameter using a 
user-specified Mathcad function. 

  Available with XMAP and 
XDEV option. 
Standard in DDA-5005A. 
Mathcad 2001i or later must 
be loaded on the instrument. 

MATLAB Produces a parameter using a 
user-specified MATLAB function. 

  Available with XMAP and 
XDEV option. 
Standard in DDA-5005A, 
WaveRunner 6000A, 
WaveMaster, WavePro 7000A, 
and sampling scopes 
MATLAB must be loaded on 
the instrument. 

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. 
Standard parameter. 

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. 
Standard parameter. 

Median The average of base and top 
values. 

Average of Base and 
Top. 

Standard parameter. 
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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. 
Standard parameter. 

Nb phase Provides a measurement of the 
phase at a specific frequency of a 
waveform (narrow band). 

  Available with DDM2, XMATH, 
SDA, and XMAP options. 
Standard in DDA-5005A and 
SDA100G scopes. 

Nb Power Provides a measurement of the 
power at a specific frequency of a 
waveform (narrow band). 

  Available with DDM2, XMATH, 
PMA2, SDA, and XMAP 
options. 
Standard in DDA-5005A and 
SDA100G scopes. 

N-cycle jitter Peak-to-peak jitter between edges 
spaced n UI apart. 

Compares the 
expected time to the 
actual time of leading 
edges n bits apart. 

Available in SDA analyzers. 

NLTS Provides a measurement of the 
nonlinear transition shift for a prml 
signal. 

  Available with DDM2 option. 
Standard in DDA-5005AA. 

Num Points Number of points in the waveform 
between the cursors. 

  Standard parameter. 

One Level One level of an eye diagram  Available with SDA and SDM 
options. 
Standard in SDA, SDA100G, 
and WaveExpert scopes. 

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. 
Standard parameter. 

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. 
Standard parameter. 

Overwrite Ratio of residual-to-original power 
of a low frequency waveform 
overwritten by a higher frequency. 

  Available with DDM2 option. 
Standard in DDA-5005A. 
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Param Script Visual Basic or Java script that 
produces a measurement from 
one or two input waveforms. 

  Available with XMAP, 
XDEV, and ASDA options. 
Standard in DDA-5005A. 

Peak Mag Peak mag away from a 
baseline. Note: the measure 
gate must include more of the 
baseline than any other single 
level. 

 Available with ENET option.

Peaks Number of peaks in a 
histogram. 

  Available with DDM2, JTA2, 
XMATH, XWAV, CAN02, 
SDA, and XMAP options. 
Standard in DDA-5005A, 
SDA100G, and WaveExpert 
scopes. 

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. 
Standard parameter. 

Percentile Horizontal data value that 
divides a histogram so the 
population to the left is xx% of 
the total. 

  Available with DDM2, JTA2, 
XMATH, XWAV, CAN02, 
SDA, and XMAP options. 
Standard in DDA-5005A, 
SDA100G, WaveExpert, and 
sampling scopes. 

Per DCD Amount of jitter due to duty 
cycle distortion 

 Standard in SDA and 
WaveExpert scopes. 

Per Duty Cyc Duty cycle measured on a 
persistence 

 Standard in SDA and 
WaveExpert scopes. 

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. 

Standard parameter. 
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Period@level Period at a specified level and 
slope for every cycle in waveform. 

  Reference levels and edge-
transition polarity can be 
selected. Hysteresis argument 
used to discriminate levels 
from noise in data. 
Available with JTA2, AORM, 
ENET, SDA, and XMAP 
options. 
Standard in DDA-5005A, 
SDA100G, and WavePro 
7000A scopes. 

Per Pulse Sym Symmetry of RZ pulse around eye 
aperture center 

 Standard in SDA and 
WaveExpert scopes. 

Persist Area Area under mean persistence trace  Standard in SDA and 
WaveExpert scopes. 

Persist Max Highest vertical value of input 
persistence 

 Standard in SDA and 
WaveExpert scopes. 

Persist Mean Average of persistence data  Standard in SDA and 
WaveExpert scopes. 

Persist Mid Mid level between Maximum and 
Minimum data 

 Standard in SDA and 
WaveExpert scopes. 

Persist Min Lowest vertical value of input 
persistence 

 Standard in SDA and 
WaveExpert scopes. 

Persist PkPk Difference between maximum and 
minimum data values 

 Standard in SDA and 
WaveExpert scopes. 

Persist RMS Root mean square of persistence 
data 

 Standard in SDA and 
WaveExpert scopes. 

Phase Phase difference between signal 
analyzed and signal used as 
reference. You can set the output 
type to percent, degrees, or 
radians. After setting up the 
reference, touch the More tab for 
signal setups. 

Phase difference 
between signal and 
reference 

Standard parameter. 

Pj Periodic component of jitter  Available with SDA option. 
Power Factor Ratio of real to apparent power  Available with PMA2 option. 
PW50 Average pulse width at the 50% 

point between the local baseline 
and the local peak or trough. 

  Hysteresis argument used to 
discriminate levels from noise 
in data. 
Available with DDM2 option. 
Standard in DDA-5005A. 

PW50- Average pulse width at the 50% 
point between the local baseline 
and the local trough. 

  Hysteresis argument used to 
discriminate levels from noise 
in data. 
Available with DDM2 option. 
Standard in DDA-5005A. 
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PW50+ Average pulse width at the 50% 
point between the local baseline 
and the local peak. 

  Hysteresis argument used to 
discriminate levels from noise 
in data. 
Available with DDM2 option. 
Standard in DDA-5005A. 

Real Power Mean of the product of voltage and 
current waveform (or mean of the 
instantaneous power) 

 Available with PMA2 option. 

Resolution Ratio of taa for a high and low 
frequency waveform 

taa (HF)/mean taa 
(LF)*100 

Hysteresis argument used to 
discriminate levels from noise 
in data. 
Available in DDM2. 
Standard in DDA-5005A. 

Ring Ringback (high or low)  Available with SDA parameter.
Rj Effective Amount of random jitter (estimated) 

in a signal 
 Available with SDA parameter.

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. 
Standard parameter. 

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. 
Standard parameter. 
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Rise@level Rise at level: Duration of pulse 
waveform's rising edges between 
transition levels.  

Slew rate for % or 
absolute levels of 
rising or falling edges.
Enhanced version 
sets measurement 
calculations to use 
one of the following: 
Base & Top (% or 
absolute) 
Peak-Peak (%) 
0V-Max (%) 

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. 
Standard parameter. 
Enhanced parameter available 
with EMC option. 

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

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

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.  
Standard parameter. 

SAS Signal Amplitude Symmetry of a 
100Base-T signal 

 Available with ENET option. 

SD2Skew Calculates the time skew between 
2 serial data lanes 

 Available with SDA and PCIE 
options. 

Setup Time from the data edge to the 
clock edge. 

  Reference levels and edge-
transition polarity can be 
selected. Hysteresis argument 
used to discriminate levels 
from noise in data. 
Available with JTA2 and 
XMAP options. 
Standard in SDA and 
SDA100G scopes. 
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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. 
Standard in SDA100G and 
WaveSurfer scopes. 

Slew Rate Slew rate or local dV/dt in a 
transition zone 

 Available in SDA and JTA2 
options. 
Standard in SDA100G scopes.

SSC Diff Calculates difference between 
average SSC frequencies. 

 Available with PCIE option. 

SSC Frequency Frequency of Spread Spectrum 
Clock signal. 

 Available with PCIE option. 

SSC Ratio Calculates the ratio between the 
maximum and minimum SSC 
frequencies. 

 Available with PCIE option. 

SSC Track Tracks Spread Spectrum Clock. 
Filtered track of frequency at level.

 Available with ASDA option. 

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. 
Standard parameter. 

TAA Average peak-to-trough amplitude 
for all local features. 

  Hysteresis argument used to 
discriminate levels from noise 
in data. 
Available with DDM2 option. 
Standard in DDA-5005A. 
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TAA- Average local baseline-to-trough 
amplitude for all local features. 

  Hysteresis argument used to 
discriminate levels from noise 
in data. 
Available with DDM2 option. 
Standard in DDA-5005A. 

TAA+ Average local baseline-to-peak 
amplitude for all local features. 

  Hysteresis argument used to 
discriminate levels from noise 
in data. 
Available with DDM2 option. 
Standard in DDA-5005A. 

TIE@level Difference between the measured 
times of crossing a given slope and 
level and the ideal expected time. 
For Slope you can choose positive, 
negative, or both. For output units 
you can choose time or unit interval 
(UI). A unit interval equals one 
clock period. 
The Virtual Clock setup gives you a 
choice of Standard (1.544 MHz) or 
Custom reference clocks. 
You can also use a mathematically 
derived Golden PLL to filter low 
frequency jitter. The cutoff 
frequency is user selectable. 

Cutoff Freq = 
(1/1.667e3) x Clock 
Freq 

Reference levels and edge-
transition polarity can be 
selected. Hysteresis argument 
used to discriminate levels 
from noise in data. 
Available with JTA2, ENET, 
SDA, and XMAP options. 
Standard in SDA100G, 
WavePro 7000A, WaveExpert, 
and sampling scopes. 

Time@edge Measures time at each edge on 
each digital line 

 Available with MS-32 option. 

Time@level Time at level: Time from trigger 
(t=0) to crossing at a specified 
level.  

Time from trigger to 
crossing level 

Reference levels and edge-
transition polarity can be 
selected. Hysteresis argument 
used to discriminate levels 
from noise in data. 
Standard parameter. 

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. 
Standard parameter. 

Total Jitter Total jitter at a given bit error rate  Available with ENET and SDA 
options. 
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Total Pop Total population of a histogram.   Available with DDM2, JTA2, 
XMATH, XWAV, CAN02, SDA, 
and XMAP options. 
Standard in DDA-5005A, 
SDA100G, WaveExpert, and 
sampling scopes 

tUpS Upsamples a time parameter by nX  Available with SDA and SDM 
options. 

TxCmD PCI Express: V TX-CM-DC-LINE-
DELTA 
Absolute delta of DC common 
mode voltage between D+ and D- 

 Available with PCIE option. 

TxFall Fall2080 and ParamRescale, to get 
UI 

 Available with PCIE option. 

TxRise Rise2080 and ParamRescale, to 
get UI 

 Available with PCIE option. 

Vcross Voltage at which two signals cross. 
That is, voltage of either signal at 
the time when difference is zero. 

 Available with SDA and PCIE 
options. 

Vdiff Used for V TX-DIFFp-p and V RX-
DIFFp-p for PCI-Express 

 Available with PCIE option. 

VTxDeRatio Ratio between transition and de-
emphasized bits 

 Available with PCIE option. 

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 

Similar to fwhm, though, unlike 
width, that parameter applies 
only to histograms. 
Standard parameter. 
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Width@level Width measured at a specific level. Time between two 
transitions of opposite 
slope at a specified 
level. (Slope specified 
for 1st transition.) 
Enhanced version 
sets measurement 
calculations to use 
one of the following: 
Base & Top (% or 
absolute) 
Peak-Peak (%) 
0V-Max (%) 
0V-Min (%) 

Reference levels and edge-
transition polarity can be 
selected. Hysteresis argument 
used to discriminate levels 
from noise in data. 
Available with JTA2, USB2, 
EMC, SDA, and XMAP 
options. 
Standard in SDA100G and 
WavePro 7000A scopes. 
Enhanced parameter available 
with EMC option. 

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

  Standard parameter. 

X@max Determines the horizontal axis 
location of the maximum value 
between the cursors. 

  Restricted to time and 
frequency waveforms only. 

X@min Determines the horizontal axis 
location of the minimum value 
between the cursors. 

  Restricted to time and 
frequency waveforms only. 

Zero Level Zero level of an eye diagram  Available with SDA and SDM 
options. 
Standard in SDA, SDA100G, 
and WaveExpert scopes. 
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Event Events 
F Farad 
G Gram 
H Henry 
HZ Hertz 
J Joule 
 K Degree Kelvin 
CEL Degree Celsius 
FAR Degree Fahrenheit 
L Liter 
M Meter 
FT Foot 
IN Inch 
YARD yard 
MILE mile 
N Newton 
OHM Ohm 
PAL Pascal 
PCT Percent 
POISE Poise 
PPM parts per million 
RAD Radian 
DEG Degree (of arc) 
MNT Minute (of arc) 
SAMPLE sample 
SWEEP sweeps 
SEC Second (of arc) 
S Second 
SIE Siemens 
T Tesla 
UI Unit interval 
V Volt 
VA Volt amps 
W Watt 
WB Weber 
MIN min 
HOUR Hour 
DAY Day 
WEEK Week 
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Summed Averaging 
Summed Averaging is the repeated addition, with equal weight, of successive source waveform 
records. If a stable trigger is available, the resulting average has a random noise component 
lower than that of a single-shot record. Whenever the maximum number of sweeps is reached, 
the averaging process stops. 
An even larger number of records can be accumulated simply by changing the number in the 
dialog. However, the other parameters must be left unchanged or a new averaging calculation will 
be started. You can pause the averaging by changing the trigger mode from NORM/AUTO to 
STOP. The instrument resumes averaging when you change the trigger mode back to 
NORM/AUTO. 
You can reset the accumulated average by pushing the CLEAR SWEEPS button or by changing 
an acquisition parameter such as input gain, offset, coupling, trigger condition, timebase, or 
bandwidth limit. The number of current averaged waveforms of the function, or its zoom, is shown 
in the acquisition status dialog. When summed averaging is performed, the display is updated at 
a reduced rate to increase the averaging speed (points and events per second). 
Continuous Averaging 
Continuous Averaging, the default setting, is the repeated addition, with unequal weight, of 
successive source waveforms. It is particularly useful for reducing noise on signals that drift very 
slowly in time or amplitude. The most recently acquired waveform has more weight than all the 
previously acquired ones: the continuous average is dominated by the statistical fluctuations of 
the most recently acquired waveform. The weight of ‘old’ waveforms in the continuous average 
gradually tends to zero (following an exponential rule) at a rate that decreases as the weight 
increases. 
 
The formula for continuous averaging is 

new average = (new data + weight * old average)/(weight + 1) 
 
This is also the formula used to compute summed averaging. But by setting a "sweeps" value, 
you establish a fixed weight that is assigned to the old average once the number of "sweeps" is 
reached. For example, for a sweeps (weight) value of 4: 

1st sweep (no old average yet): new average =  (new data +0 * old average)/(0 + 1) = new data 
only 

2nd sweep: new average = (new data + 1*old average)/(1 + 1) = 1/2 new data +1/2 old average 

3rd sweep: new average = (new data + 2 * old average)/(2 + 1) = 1/3 new data + 2/3 old average 

4th sweep: new average = (new data + 3 * old average)/(3 + 1) = 1/4 new data + 3/4 old average 

5th sweep: new average = (new data + 4 * old average)/(4 + 1) = 1/5 new data + 4/5 old average 

6th sweep: new average = (new data + 4 * old average)/(4 + 1) = 1/5 new data + 4/5 old average 

7th sweep: new average = (new data + 4 * old average)/(4 + 1) = 1/5 new data + 4/5 old average 
 
In this way, for sweeps > 4 the importance of the old average begins to decrease exponentially. 
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The instrument's constant phase FIR (Finite Impulse Response) 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 -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 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 - 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. 
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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. 

To increase vertical resolution: In the 
example at left, the lower ("inner") trace has 
been significantly enhanced by a three-bit 
enhanced resolution function. 

 

 

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: Enhanced resolution can only improve the resolution of a trace; it cannot improve the accuracy or linearity of the 
original quantization. The pass-band will cause signal attenuation for signals near the cut-off frequency. The highest 
frequencies passed may be slightly attenuated. Perform the filtering on finite record lengths. Data will be lost at the start 
and end of the waveform: the trace will be slightly shorter after filtering. The number of samples lost is exactly equal to the 
length of the impulse response of the filter used: between 2 and 117 samples. Normally this loss (just 0.2 % of a 50,000 
point trace) is not noticed. However, you might filter a record so short there would be no data output. In that case, 
however, the instrument would not allow you to use the ERES feature.  
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//------------------------------------------------------------------------------------------ 
// FastWavePortClient.cpp :  
// 
// Prototype C++ client application for "Fast Wave Port' Math Processor 
// 
// Compatibility: 
//      Microsoft Visual C++ 6.0, 7.1 
//      MinGW 'gcc' based compiler (free download from www.mingw.org) 
//          Compile with: mingw32-c++ -o fastWavePortClient.exe fastwaveportclient.cpp 
//------------------------------------------------------------------------------------------ 
#include "windows.h" 
#include <stdio.h> 
//------------------------------------------------------------------------------------------ 
// FastWavePort header, describes various properties of the waveform passed to the user-
processing 
// function. Also used to carry the properties of the processed waveform back to the DSO. 
// 
#define FLAGS_OUTPUT_VALID      0x01 
typedef unsigned __int64 lecTimeStamp; 
lecTimeStamp lecTimeStampOneSecond = 1000000000;        // 1 ns units in a second 
#pragma pack(push, 4)           // pack on 4-byte boundaries (Important!) 
struct CDescHeader 
{ 
    int descVersion;            // header version number 
    int flags;                  // misc. flags indicating the status of input, and how to treat the output 
    int headerSize;             // size of the header, data starts immediately after the hdr.        
    int windowSize;             // total size of the window (header + data)      
    int numSamples;             // total number of samples in the input waveform 
    int segmentIndex;           // index of this segment, usually zero when input waveform is not a 
sequence 
    int numSweeps;               
    int _dummy1;                // not used 
    double verGain;             // scale factor that relates integer sample data values to the vertical 
units of the waveform. 
    double verOffset;           // vertical offset (in vertical units, e.g. Volts) of the waveform 
    double verResolution;       // vertical resolution of the measurement system (also in vertical 
units) 
    double horInterval;         // scale factor that relates integer sample indices to the horizontal units 
of the waveform.   
    double horOffset;           // horizontal offset (in horizontal units, e.g. seconds) of the waveform  
    double horResolution;       // horizontal resolution of the measurement system (also in 
horizontal units) 
    lecTimeStamp trigTime;      // trigger time, units of 1ns since 00:00:00 on Jan 1st 2000, 64-bit 
unsigned integer 
    char verUnit[48];           // vertical units of the waveform ("V" for example) 
    char horUnit[48];           // horizontal units of the waveform ("s" for example) 
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}; 
#pragma pack(pop)               // restore packing 
     
//------------------------------------------------------------------------------------------ 
// The buffer size is 80MB (40,000,000 samples, stored as short integers) plus 0x1000 bytes for 
the header. 
const unsigned long HEADER_SIZE = 0x1000 
const unsigned long MEM_MAP_FILE_SIZE = 80000000 + HEADER_SIZE;     // = 40MSamples, 
or 80MBytes  
int main(int argc, char* argv[]) 
{ 
    // names based on 'FastWavePort1' name defined in Processor setup. 
    char szMapFileName[]                    = "FastWavePort1File"; 
    char szMutexDataAvailableName[]         = "FastWavePort1MutexDataAvailable"; 
    char szMutexProcessingCompleteName[]    = "FastWavePort1MutexProcessingComplete"; 
    // Associate shared memory file handle value. 
        HANDLE m_hMMFile = CreateFileMapping ((HANDLE)0xffffffff, NULL, 
PAGE_READWRITE, 0,  MEM_MAP_FILE_SIZE, szMapFileName); 
        if(m_hMMFile == 0) 
        { 
            printf("Unable to create file mapping\n"); 
            return 0; 
        } 
     
    // Map a view of this file for writing. 
        short *m_lpMMFile = (short *)MapViewOfFile (m_hMMFile, FILE_MAP_ALL_ACCESS, 0, 0,   
0);                      
        if(m_lpMMFile == 0) 
        { 
            printf("Unable to map view of file\n"); 
            return 0; 
        } 
    // create/open events used for synchronization 
    // if the client app. was run before the scope then these events will be created, if the scope was 
run first then these events 
    // will just be opened 
        HANDLE m_hDataAvailable = CreateEvent(NULL, FALSE, FALSE /* initial state */, 
szMutexDataAvailableName); 
        HANDLE m_hProcessingComplete = CreateEvent(NULL, FALSE, FALSE /* initial state */, 
szMutexProcessingCompleteName); 
        if(m_hDataAvailable == 0 || m_hProcessingComplete == 0) 
        { 
            printf("Unable to open events\n"); 
            return 0; 
        } 
    // main loop 
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An FFT operation on an N-point time domain signal can be compared to passing the signal 
through a comb filter consisting of a bank of N/2 filters. All the filters have the same shape and 
width and are centered at N/2 discrete frequencies. Each filter collects the signal energy that falls 
into the immediate neighborhood of its center frequency. Thus it can be said that there are N/2 
frequency bins. The distance in Hz between the center frequencies of two neighboring bins is 
always the same: Delta f. 

Power (Density) Spectrum 
Because of the linear scale used to show magnitudes, lower amplitude components are often 
hidden by larger components. In addition to the functions offering magnitude and phase 
representations, the FFT option offers power density and power spectrum density functions. 
These latter functions are even better suited for characterizing spectra. The power spectrum (V2) 
is the square of the magnitude spectrum (0 dBm corresponds to voltage equivalent to 1 mW into 
50 Ω). This is the representation of choice for signals containing isolated peaks — periodic 
signals, for instance. 
The power density spectrum (V2/Hz) is the power spectrum divided by the equivalent noise 
bandwidth of the filter associated with the FFT calculation. This is best employed for 
characterizing broadband signals such as noise. 

Memory for FFT 
The amount of acquisition memory available will determine the maximum range (Nyquist 
frequency) over which signal components can be observed. Consider the problem of determining 
the length of the observation window and the size of the acquisition buffer if a Nyquist rate of 500 
MHz and a resolution of 10 kHz are required. To obtain a resolution of 10 kHz, the acquisition 
time must be at least:  

T = 1/Delta f = 1/10 kHz = 100 ms 
For a digital oscilloscope with a memory of 100 kB, the highest frequency that can be analyzed is: 

Delta f x N/2 = 10 kHz x 100 kB/2 = 500 MHz 

FFT Pitfalls to Avoid 
Take care to ensure that signals are correctly acquired: improper waveform positioning within the 
observation window produces a distorted spectrum. The most common distortions can be traced 
to insufficient sampling, edge discontinuities, windowing or the "picket fence" effect. 
Because the FFT acts like a bank of band-pass filters centered at multiples of the frequency 
resolution, components that are not exact multiples of that frequency will fall within two 
consecutive filters. This results in an attenuation of the true amplitude of these components. 

Picket Fence and Scallop 
The highest point in the spectrum can be 3.92 dB lower when the source frequency is halfway 
between two discrete frequencies. This variation in spectrum magnitude is the picket fence effect. 
The corresponding attenuation loss is referred to as scallop loss. LeCroy scopes automatically 
correct for the scallop effect, ensuring that the magnitude of the spectra lines correspond to their 
true values in the time domain.  
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If a signal contains a frequency component above Nyquist, the spectrum will be aliased, meaning 
that the frequencies will be folded back and spurious. Spotting aliased frequencies is often 
difficult, as the aliases may ride on top of real harmonics. A simple way of checking is to modify 
the sample rate and observe whether the frequency distribution changes. 

Leakage 
FFT assumes that the signal contained within the time grid is replicated endlessly outside the 
observation window. Therefore if the signal contains discontinuities at its edges, pseudo-
frequencies will appear in the spectral domain, distorting the real spectrum. When the start and 
end phase of the signal differ, the signal frequency falls within two frequency cells, broadening 
the spectrum.  
The broadening of the base, stretching out in many neighboring bins, is termed leakage. Some 
cures for this problem include ensuring an integral number of periods are contained within the 
display grid or that no discontinuities appear at the edges. Another is to use a window function to 
smooth the edges of the signal. 

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.  
In the same way as one would choose a particular camera lens for taking a picture, some 
experimenting is generally necessary to determine which window is most suitable. However, the 
following general guidelines should help.  
 Rectangular windows provide the highest frequency resolution and are thus 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. Alternative 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. 

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 1.42 1.5 -6.02 
Hamming -43 1.78 1.37 -5.35 
Flat Top -44 0.01 2.96 -11.05 

Blackman-Harris -67 1.13 1.71 -7.53 
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Window Frequency Domain Parameters 

Window Type 
Highest Side 

Lobe 
 (dB) 

Scallop Loss 
 (dB) 

ENBW 
 (bins) 

Coherent Gain 
 (dB) 

Rectangular -13 3.92 1.0 0.0 
Hanning (Von Hann) -32 1.42 1.5 -6.02 

Hamming -43 1.78 1.37 -5.35 
Flattop -44 0.01 2.96 -11.05 

Blackman–Harris -67 1.13 1.71 -7.53 
 
• ENBW - Equivalent Noise BandWidth (ENBW) is the bandwidth of a rectangular filter (same 

gain at the center frequency), equivalent to a filter associated with each frequency bin, which 
would collect the same power from a white noise signal. In the table on the previous page, 
the ENBW is listed for each window function implemented, given in bins. 

• Filters - Computing an N-point FFT is equivalent to passing the time-domain input signal 
through N/2 filters and plotting their outputs against the frequency. The spacing of filters is 
Delta f = 1/T, while the bandwidth depends on the window function used (see Frequency 
Bins). 

• Frequency Bins - The FFT algorithm takes a discrete source waveform, defined over N 
points, and computes N complex Fourier coefficients, which are interpreted as harmonic 
components of the input signal.  
For a real source waveform (imaginary part equals 0), there are only N/2 independent 
harmonic components. 
An FFT corresponds to analyzing the input signal with a bank of N/2 filters, all having the 
same shape and width, and centered at N/2 discrete frequencies. Each filter collects the 
signal energy that falls into the immediate neighborhood of its center frequency. Thus it can 
be said that there are N/2 "frequency bins." 

The distance in hertz between the center frequencies of two neighboring bins is always: 
Delta f = 1/T 
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 
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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 Ω. 

• 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.  
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5. Touch inside the Compare Values field and select All or Any from the pop-up menu 

.  
By selecting All, the test is true only if every waveform falls within the set limit. By selecting 
Any, the test is be true if just one waveform falls within the limit. 

 
6. Touch inside the Condition field in the "ParamCompare" mini-dialog and select a math 

operator from the pop-up menu: 

 
 
7. Touch inside the Limit field and enter a value, using the pop-up numeric keypad. This value 

takes the dimensions of the parameter that you are testing. For example, if you are testing a 

time parameter, the unit is seconds. If you chose either WithinDeltaPct  or 

WithinDeltaAbs  from the Condition menu, you also have the choice of setting the 
limit by means of the statistical buttons at the bottom of the "ParamCompare" dialog: 
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WaveOut is the waveform being returned to the instrument (F1 in this case). WaveIn is the input 
waveform (C1 in this case). You can see that the F1 result is displayed on the scope, and can be 
processed further. 

Example 2: Another simple math functions using VBScript 

 
 
Example 3 (as follows) doesn’t use the input data at all. The middle waveform (F2) is a "golden 
waveform", in this case a perfect sine (subject to 16-bit resolution), that was created using a 
VBScript. The lower trace (F3) is a subtraction of the acquired waveform (upper trace) and the 
golden waveform. The subtraction (of course) contains all the noise, but it also shows the 
presence of a very small square wave signal. 

Example 3 
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Here is the VBScript that produced the "golden sine" (F2 previous): 

 
Frequency = 3000000.0   ' Frequency of real data 
SampleTime = InResult.HorizontalPerStep 
Omega = 2.0 * 3.1416 * Frequency * SampleTime 
Amplitude = 0.15        ' Amplitude of real data 
    For K = 0 To LastPoint 
    newDataArray(K) = Amplitude * Sin(Omega * K) 
    Next 
OutResult.DataArray(True) = newDataArray ' Data in volts 

 
OutResult.DataArray is the waveform returned to the scope and displayed on the scope as the F2 
waveform. 

Example 4 

 
Example 4 is a measurement of DVI (Digital Video Interface) Data-Clock skew jitter 
measurement, using a VBScript to emulate the PLL. 
In this example, a customer was not able to probe the desired clock signal. The only probing point 
available was the output differential clock signal (C2). However, that clock was a factor of 10 
slower than the clock embedded in the data signal (C3). By using a VBScript to create a clock 
waveform of the appropriate frequency (waveform F1), the customer was able to display and 
measure data-clock skew using a LeCroy instrument function and parameter.  
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Example 5 

 
 
This next example shows a logarithmic vertical scale, for which the script can be found here. 
(Most scripts would be far simpler than this one.) 
Frequency response curves are frequently drawn on a logarithmic scale. The upper trace is a 
frequency spectrum of a square wave after enhanced resolution has been applied. It was created 
using instrument functions. The lower trace is the first lobe of the FFT display. But with a 
logarithmic frequency scale. Click here for the VBScript. 
In addition to VBScripting, MATLAB, Mathcad, or Excel can also be used to generate a result. 
The F1 trace (shown below in Example 6) was calculated in MATLAB (F1=WformOut) from C1 
(WformIn1) and C2 (WformIn2). The same calculation could also be done in Excel by using a 
simple formula in a spreadsheet cell. 
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Example 6 
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In this figure, the panel has been pasted onto the Excel sheet for comparison: 
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To get the output values in column C, we set C2 = - A2 and copy this formula down the column. 
This is the only action needed in Excel, and can be seen in the next figure: 
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2. Choose a function, and select ExcelMath as Operator1 for the function. Excel will open 

automatically in the background. 

 
3. Choose File, Minimize from the menu bar to minimize the instrument display and open the 

Excel program.  

SDA-OM-E Rev H  235 

ManualsPlus.com

https://www.manualsplus.com/


   
4. Create your formula for each data point in column A (in this case, our formula for cell C2 is –

A2, copied for the entire column), as shown here: 

. 
5. Retrigger the scope (if it is not currently triggering) 
6. Return to the program 

Note that the only action that was needed in Excel was to create the formula in column C for 
each data point in column A. The instrument automatically opens Excel, puts the waveform 
data in the correct columns, and returns the calculated data back to the display as the chosen 
F trace. This Excel-calculated trace can have further measurements or math calculations 
performed on it, if desired.  
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You can also create a chart of the data in Excel automatically and view the data there: 

 

 
 
Simply press the Add Chart button in the instrument's Excel dialog and a chart of the input (top 
chart) and Excel calculated output (bottom chart) will be automatically created in the spreadsheet. 
The chart will be updated automatically as the scope is triggered. 
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This figure shows the instrument screen: 

 

 
These traces were made using VBS scripts in functions F1 and F2, based on pseudo-random 
numbers to provide noise and varying pulse widths. Randomize Timer was used in both scripts 
ensuring successive acquisitions to produce different data. Script F1 generates pulses having 
widths that are multiples of a set clock period. F2 generates one pulse in the first half of the time 
window, and one pulse in the second half. Both pulses are constrained to coincide with the clock 
pulses of F1. F1 and F2 are used here only as simulations and are not part of the measurement 
process, which only uses P1. 
 
The call to Excel is made through Parameter P1. 
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This example used the CORREL (Array1, Array2) function of Excel, as depicted below: 

 

 

SDA-OM-E Rev H  243 

ManualsPlus.com

https://www.manualsplus.com/


https://www.manualsplus.com/


SDA Operator’s Manual 
The required Excel formula required is shown as follows: 

 

 
 
In fact, the simple expression B374 + 0.02 comprise several components. The original instrument 
trace is in column B, and the plot is required to start at cell B134. The traces repeat at intervals of 
250 cells. Let us call this interval R. If we require a horizontal displacement D, then in cell CN we 
write B(N + R – D). In this example D is 10. Finally we may want a vertical displacement V, and 
we write B(N + R – D) + V. In this example, V is 0.02. D and V can be zero if required, as 
depicted below. All that remains is to copy the formula to the required range of cells. 
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       newArray(i) = ScaleFactor * (unscaledData(i)) ^ 2  
       Next 
OutResult.DataArray(False) = newArray ' signed long integer data output 

Example Parameter Function Script: RMS of a waveform 
' Example script to produce a parameter. 
' This script calculates the root mean square 
' of the input waveform. 
' Note that a trace of nominal length 1000 has data from 
' 0 to 1001. The 1001st point is not visible, so you 
' normally use points 0 to 1000,  
' giving 1001 points and 1000 intervals between points. 
startData = 0 
endData = InResult.Samples 
LastPoint = endData - 1 ' because the last point is invisible. 
ReDim newArray(InResult.Samples) ' to store the results 
unscaledData = InResult.DataArray(True) 
' InResult.DataArray(False) provides  
' integer data from -32768 to 32767. 
' InResult.DataArray(True) provides real data 
' in the same unit as the vertical scale of the trace. 
Total = 0 
        For i = 0 To LastPoint 
        Total = Total + (unscaledData(i)) ^ 2  
        Next 
NewArray(0) = Sqr (Total / (LastPoint + 1)) Place the result in the 
zeroth element. 
OutResult.ValueArray(True) = newArray ' integer data output 

The default waveform function script: explanatory notes 
InResult.Samples is the number of points in the incoming waveform. 
InResult.DataArray(Boolean) (or InResult1.DataArray or InResult2.DataArray) is the array of input 
data. If the Boolean is True you get scaled real data in the units of the trace. If the Boolean is 
false you get unscaled integer data in the range -32768 to + 32767. 
The value of InResult.Samples is the total number of data in a trace. It is two more than the 
nominal value given on the screen. The first point DataArray(0), coincides with the left edge of the 
screen, apart from the wobble caused by the trigger-to-sample clock difference. If the trace length 
is nominally 500, the right edge of the screen coincides with DataArray(500), which is the 501st 
point. The last point, number 502, is just off the right of the screen, and is never seen. That is why 
the loop in the script runs only to endData - 1. 
OutResult.Samples is the number of data in the output trace, and is set to be the same as the 
number of data in the input trace. If you set the output length less than the input length, you get a 
shorter trace, the remainder being made of zeroes. If you try to set the output values to 
something illegal, you may find that a part of the trace retains the values from a previous 
acquisition.  
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If you try to set something outside the bounds of an array, or you make some other error, or 
something overflows, or you ask for something impossible, such as log(-13), the instrument tells 
you the line number, and the nature of the problem. Other types of error may not be given the 
correct line number, for example, if "Next" or "End If" is omitted, because VBS does not know 
where it should have been. 
UnscaledData is simply a copy of the input data set. 
ReDim newDataArray(OutResult.Samples) defines an array of data for use as a scratch pad. Dim 
is short for Dimension, which is used in Visual Basic to declare a variable (even if it only has one 
element, in which case you omit the size of the array). 
InResult.DataArray(False) means that the data are signed integers in the range -32768 to 32767. 
False is a Boolean value applying to the property Scaled. Scaled data are specified in the units of 
the vertical scale, such as volts. You get these by putting "True" instead of "False". If you want to 
make a section of the output trace invisible, you simply set the data values to full scale or bigger, 
top or bottom. 
You can start with the unscaled data (False) as input, and then set the output data to scaled data 
(True), and you can go from scaled to unscaled. Using scaled data, an overflow will make a 
picture like this: 

 
You can also start with True and convert to False, but in this case overflows will cause an error 
message. 
Anything after a single quotation mark on a line will not be used by the instrument. This feature is 
intended for comments, for example 
     ' This is a comment. 
     A = Amp * Sin(Omega * T) Calculate the output. 
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In the following example, the red trace has gone outside the allowed range at the beginning, 
resulting in the message at the bottom of the instrument screen: This array is fixed or temporarily 
locked: OutResult.DataArray. 
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This is the default waveform function, with one important change – the semi-colon (;) has been 
removed from the end of the line. If the semicolon is present, your function will run much faster, 
because the output values will not be shown in MATLAB Response. With a long waveform, the 
time needed to display it could be quite long. The response values can be useful during 
development and debugging. Any line without a semicolon will produce a visible MATLAB 
Response. 
From this panel you can save your code, load a previous code, and edit your function. A powerful 
feature of MATLAB is that you can refer to an entire waveforn as a vector. The two input 
waveforms are WformIn1 and WformIn2, while the output is WformOut. You can also refer to 
individual samples, such as WformIn1(34), and sequences of samples, such as WformIn(55:89)  
 
You can write statements such as these: 

WformOut(5) = WformIn(5) 
WformOut(89) = WformIn(144) 
WformOut(34:55) = WformIn(34:55) 
WformOut(233:377) = WformIn(100:244) 

 
This very simple example adds a rescaled copy of Channel 2 to a copy of Channel 1, and then 
rescales the result: 
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Squaring the input signal. 

 
 
Creating pulses from a sinusoid. 

 
 
Creating pulses at the zero crossings of the signal. 
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Convolving two signals. 
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In the next example you can see a command button, a picture box, a list box and a Tabbed 

Dialog Control.  

 
 
The Tabbed Control (arrow) is not in the basic tool box. To gain access to it, right click in the tool 
box at left (but not on an icon.) You will see this menu: 
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Now select the Microsoft Tabbed Control as shown below, and click on Apply. The control will be 
added into the toolbox at the left of the screen, where you can double click on it as usual. 
 

 
 
The new control is shown below (arrow). 
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Text1.Text = TextString 
  
End Sub 
This routine exchanges the first two traces that it finds. You can make it exchange all the traces 
on a dual grid by changing the penultimate line to this -  Loop Until trace = 12 
The next figure shows the Visual Basic Screen just after the Text Box text has been set to “0” in 
the Properties Window, thus defining the initial value. 

 

 
 
Here is the result after seven swaps. The counting method could be useful in any routine where 
numerous operations, such as triggers, have to be performed. In fact, the caption of the button 
could have been used to show the number of operations. 
ActiveX offers a large range of standard controls, including list boxes for selection from a list, and 
picture boxes for drawing graphs and charts. 
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Private Sub Command1_Click() 
'   Draw a DSO trace on a logarithmic horizontal scale. 
Dim WM As Object 
Set WM = CreateObject("LeCroy.XStreamApplication") 
  
Dim Samples As Long 
Samples = WM.Math.F1.Out.Result.Samples 
Samples = Samples - 1 ' Make it a round number. 
'   Calculate the horizontal scale. 
LogSamples = Log(Samples) 
XScale = Samples / LogSamples 
  
'   Set the scale using DSO variables 
Dim Top, Bot As Single 
Top = WM.Math.F1.Out.Result.VerticalFrameStop 
Bot = WM.Math.F1.Out.Result.VerticalFrameStart 
Picture1.Scale (0, Top)-(Samples, Bot) 
  
Dim Wave 
Wave = WM.Math.F1.Out.Result.DataArray 
  
Dim Black, White, Blue, Red As Long 
Black = 0: White = &HFFFFFF 
Blue = &HFF4444: Red = &HFF 
  
'   Draw a theoretical curve for the peaks. 
StartPoint = Top + 20#: EndPoint = -54.5 
Picture1.Line (0, StartPoint)-(Samples, EndPoint), Red 
  
'  Draw the plot with linear interpolation between points. 
    For X = 1 To Samples 
    LogX = XScale * Log(X): Y = Wave(X) 
        If X > 1 Then 
        Picture1.Line (LogX, Y)-(OldLogX, OldWave), Black 
        End If 
    OldLogX = LogX: OldWave = Y 
    Next X 
  
End Sub 
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A dialog box is shown for providing a title and comments for the entry. By default, the entry is 
titled with the current date and time. 
 

 
 
2. Touch inside the Title field and enter a title, using the pop-up keyboard. Then touch inside 

the Description field and enter a description, if desired, and touch Close. 
3. The notebook entry will display your waveforms in "print colors," that is, on a white 

background to save printer ink, if you selected that option in notebook Preferences. 
Otherwise, the waveforms will appear on a black background.  A drawing toolbar appears at 
top: 

 
The pen tool enables you to write or draw in freehand. You can use a 
mouse, or a stylus to do this using the touch-screen. Once you click off, you 
can drag your note anywhere on your waveform. 
The circle tool enables you to create a circle around a waveform feature that 
you want to point out. Once you click off, the circle is drawn and you can 
drag it anywhere on the screen. 
The arrow tool enables you to draw lines with arrowheads for callouts.  You 
can rotate these lines through 360 degrees and drag them to any location on 
the screen. 
The text tool enables you to enter text callouts on your report. When you 
touch this tool, a dialog box opens in which to enter text by means of a pop-
up keyboard.  
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After you touch Close, your text will appear on the display as a draggable 
object. 

 

These are the three default colors that you can select for shapes, lines, and 
text. To use additional colors, touch More. 

 

When you touch More, a Custom box opens with the default color yellow 
displayed. Touch the yellow button to open the full color palette 
 

. 
 
When you have chosen a custom color, touch Add to Custom Colors; the 
color will appear in the Custom Colors palette 
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.  
 
Then touch the color to enable it, and touch OK. The next object that you 
create will be in that color. 
If you want to erase a drawing object, touch it to select it, then touch Erase 
Selected. 
Touch Erase All to erase all drawn objects and text. 

Touch Undo to discard the last object drawn. 

The Move Toolbar button enables you to place the toolbar anywhere on the 
screen. Touch the button a second time to return it to its original fixed 
location. 
Touch Done when you are finished annotating the notebook entry. The 
name of the entry will appear in the list box in the "LabNotebook" dialog. You 
can now create a hardcopy report of it, and email or print it out. 
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The parameter location you choose will display "Web Edit" under the waveform display grid: 

. 
3. Touch the Web Editor tab to return to the web setup dialog. The math and parameter 

locations you selected appear as outputs at the far right: 

 .  
You may have to scroll up or down to see it. 

4. Touch the Add Math button and select a math function from the Add Math Processor menu. 

The math function icon will appear on the web setup field: .  
Touch and drag the icon to the desired location. 

5. If you are using channel inputs, touch the arrow of a channel input icon: 

.  
 
Then drag a line from the channel to the input of the math function icon. If your math function 
is a dual input function (such as ratio), select a second input and drag another line to the 
second math input. If you are using a memory location: 
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AVAILABLE MEASUREMENTS 

Single-Signal  Measurements SDA (std.) SDA w/ ASDA-
J SDM option 

Data Stream 
Mask testing w/ software PLL 
clock recovery 

X X X 

Mask violation locator   X   
Jitter Rj, Dj, Tj, ISI, DCD (DDj), 
Pj 

X X   

Filtered jitter   X   
ISI plot   X   
Edge-to-edge jitter   X   
Effective and MJSQ jitter 
breakdown 

  X   

Bit error testing with error map   X   
N-cycle jitter parameter (data) X X   

Eye Pattern Measurements
Average power X X X 
Bit rate X X X 
Extinction ratio X X X 
Eye amplitude X X X 
Eye bit error rate X X X 
Eye crossing X X X 
Eye height X X X 
Eye width X X X 
One level X X X 
Zero level X X X 
Q factor X X X 

  
Table 1. Measurements Available in SDA, ASDA-J, and SDM.
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The jitter wizard is accessed from the Analysis drop-down menu: 
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The initial dialog for the wizard gives you an overview of wizard operation. This dialog can be 
disabled after the first use of the wizard by checking the “Don’t show me this message again” 
checkbox. In this case, the dialog will not be displayed until the instrument is restarted. 

 

 
 
The remainder of the jitter setup wizard guides you through a series of dialogs that request input 
concerning the signal type and measurement method that is desired. Explanations of the various 
choices that can be made are also provided.  
Each dialog has a default selection that represents the most common configuration. You can 
accept the defaults by simply touching the Next button in each dialog. 
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3. There are two crossing-level controls in the SDA main dialog: one for the data signal under 
test and another for the reference clock (if the Recover clock checkbox is unchecked). The 
crossing time used by both the jitter and eye pattern measurements is determined as the 
absolute time at which the signal level crosses the selected threshold. Touch inside the Data 
Level Is or Clock Level Is field and select either Absolute or Percent from the pop-up 
menu.  

 
 
4. If you selected Absolute, touch inside the Abs level field and enter a voltage value. 

Alternatively, you can touch the Find Data Level or Find Clock Level button. If you selected 
Percent, touch inside the Percent level field and enter a percentage value, using the pop-up 
keypad. The level is automatically set to the selected percentage on each acquisition. 

 
Note: The absolute level setting should be used for jitter measurements over several acquisitions because the relative 
setting can potentially remove jitter by tracking slowly, thereby varying level shifts that could occur between acquisitions. 

 
5. Touch inside the Signal Type field and select a standard signal type from the pop-up menu. 

The signal type defines the compliance masks and bit rates for the selected standard. If you 
selected Custom from the Signal Type menu, touch inside the Bit Rate field and enter a bit 
rate, using the pop-up keypad. By touching the Find Bit Rate button, you can have the bit 
rate determined automatically. This button is also available when a standard data type is 
selected. 
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6. The Pattern Length (number of bits in the pattern) control sets the repetition length of the 
data pattern in the signal under test. Serial data signals generally transmit a repeating data 
pattern of some sort. For example a PRBS7 pattern repeats every 127 bits while a K28.5 
repeats every 20 bits. Enter the pattern length in the Pattern Length control. Alternatively, 
the SDA can automatically find the pattern length by means of the Find Pattern Length 
button. The Find Pattern Length button determines the pattern repetition length (if any) in 
the current acquisition and sets the Pattern length field to this value. The Pj measurement 
uses the pattern length value to determine which peaks in the jitter spectrum are caused by 
the pattern repetition. An incorrect value in the Pattern Length control will result in 
overestimating the Pj and, as a result, underestimating the random jitter. 

7. The Multiplier, Deskew, and Clock Slope controls adjust the positioning of the clock relative 
to the data edges when an external clock source is selected. These controls are active only if 
the Recover clock checkbox is left unchecked. The Multiplier control is used when a sub-
rate clock is applied. For example, if a clock signal at 1/10 the bit rate is used, the Multiplier 
control should be set to 10 in order to get a single eye pattern on the display. 
The Deskew control enables positioning of the clock edges relative to the data signal. It shifts 
the clock signal relative to the data signal. 
A clock signal goes through one complete cycle during each bit interval. The edge timing can 
be measured relative to the rising or falling slope of the clock by means of the Clock Slope 
setting. 
The Tx Density control indicates the ratio of transitions in the data record to the total number 
of bits in the signal. Normally, an NRZ data stream does not have transitions during every bit 
interval. For example, there are cases where adjacent 1 or 0 values exist. On average, 
approximately 50% of the bit intervals have transitions so the Tx density is 500e-3. The actual 
acquired data set may have a transition density different from 50%, however. The total jitter 
measurement uses this transition density to normalize the measured histogram into a pdf 
(probability density function). Many instruments simply assume 50% when performing this 
normalization which can lead to errors. These errors are eliminated in the SDA through the 
use of the measured transition density in the normalization process. The Tx density is 
automatically measured when the Find Pattern Length button is pressed. 

Please Note the Following: 
• If the pattern length exceeds the number of bits in the acquired waveform or there is no repeating pattern present, 

the control indicates a value equal to the total number of bits in the current acquisition. In this case, the pattern 
length control should be set to 2 so the Pj is not underestimated. 

• Overestimated Pj values result in incorrect pattern length. Such overestimations cause Dj to read high and Rj to read 
low. 
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The second order PLL allows the selection of the natural frequency and damping factor. 
The damping factor determines the transient behavior of the phase locked loop and is 
variable from 2 to 0.5. A damping factor above 0.707 results in an under-damped 
response in which the PLL over-corrects to a sudden change in frequency, but reacts 
quicker to the change. A damping factor below 0.707 gives an under-damped response 
that reacts slower to sudden changes in frequency, but does not over-correct.  The 
default value of 0.707 represents a critically damped response that provides the fastest 
reaction time without over-correcting.  The second order PLL with a damping factor of 
0.707 is specified in the serial ATA generation II document. This type of PLL is also very 
useful for measuring signals with spread-spectrum clocking because it accurately tracks 
and removes the low-frequency clock spreading while allowing the signal jitter to be 
measured. 
The natural frequency is somewhat lower than the actual 3 dB cutoff frequency given by 
the following equation: 
 

  
 

The quantity  is the damping factor, and  is the natural frequency. For a damping 
factor of 0.707, this relationship is fc = 2.06 fn.  

3. Settings for the FC Golden PLL - Touch inside the Cutoff Divisor5 field and provide a 
value using the pop-up keypad.  
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5 The PLL cutoff divisor is the value by which the bit rate is divided to compute the cutoff frequency for the loop bandwidth 
of the clock recovery operation for sequential eye pattern, jitter, and bit error rate functions. This control is variable from 
10 to 1,000,000. A low PLL cutoff divisor means that the PLL will track and, therefore, attenuate jitter at higher 
frequencies. The default value of 1667 causes the clock recovery to operate as a "golden PLL," as defined in the 
Fibrechannel specification. 
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A group of buttons is provided to quickly set the pattern to all 1s, all 0s, or all Xs. And a fourth 
button is provided to invert the entire data pattern: 

 

 
 

 
 

Example Bit Pattern and Resulting Waveform 
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The SDA measures jitter by determining the timing error between the edge crossings of the data 
signal under test and a reference clock, which can be derived either from the data or an external 
clock. The measurement can also be performed directly relative to the edges of the external 
clock. A flow diagram of the SDA jitter measurement is shown as follows:  

 

 
 
Total jitter is derived from the histogram of timing error measurements. The histogram of 
measurements is accumulated and the tails of the distribution are extrapolated to form an 
estimate of the histogram for a population of 1016 measurements. The extrapolated histogram is 
then integrated to determine the cumulative distribution function which forms the sides of the 
bathtub curve. The bathtub curve gives the eye opening (or 1UI - Tj(UI)) for all bit error rates 
down to 10-16. The total jitter for a given bit error rate is found by measuring the width of the 
bathtub curve at the y-axis value corresponding to the desired bit error rate. The periodic jitter 
and data dependent jitter are measured directly on the sequence of timing error measurements, 
and the random jitter is found by measuring the difference between the total jitter and the 
components of deterministic jitter.   

326  SDA-OM-E Rev H 

ManualsPlus.com

https://www.manualsplus.com/


SDA Operator’s Manual 

 

SDA-OM-E Rev H  327 

ManualsPlus.com

https://www.manualsplus.com/


   

 

328  SDA-OM-E Rev H 

ManualsPlus.com

https://www.manualsplus.com/


https://www.manualsplus.com/


http://www.lecroy.com/
https://www.manualsplus.com/


https://www.manualsplus.com/


https://www.manualsplus.com/


https://www.manualsplus.com/


   

 
 

 

EffeRj Effective Random Jitter is one of the two constants used to estimate the 
function Tj(BER) for very low BER. Rje is obtained through the analysis of the 
growth of the extrapolated histogram of TIE as a function of BER, fitting the form: 
Tj(BER) = Dje + Tj(sigma=1)(BER)*Rje 

 

EffeDj Effective Deterministic Jitter is one of the two constants used to estimate 
the function Tj(BER) for very low BER. Rje is obtained through the analysis of the 
growth of the extrapolated histogram of TIE as a function of BER, fitting the form: 
Tj(BER) = Dje + Tj(sigma=1)(BER)*Rje 
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1. Select “ISI Plot” in the DDj Calc. Method control for a random pattern (available only for 

Edge-Ref jitter method). This control is only available with the ASDA-J option. 
2. Touch the ISI button; the ISI plot will be displayed.  
3. Note the change in the DDj measured value. 
4. Touch the ISI tab in the "Jitter" dialog. 

• Touch inside the ISI N Bits field to set the pattern length for the ISI plot. 
• Touch the Individual Patterns checkbox to display the bit patterns of the length 

specified in the ISI N Bits field. Only the patterns that exist in the acquired data 
stream is shown: 
 

 
 

• Touch any bit pattern in the list, then touch Add to display that trace. Up to seven 
patterns can be placed in the box at the right and displayed as traces. 

• Clear any pattern and trace from the screen by touching the pattern in the list box on 
the right, then touching Remove. Touch Clear all to remove all patterns. 

• The averaged traces become clearer as more occurrences of each pattern are 
observed. If one of the traces does not seem to get clearer, try reducing the number 
of bits considered ISI N Bits from 6 to a lower value. 

 

340  SDA-OM-E Rev H 

ManualsPlus.com

https://www.manualsplus.com/


https://www.manualsplus.com/


https://www.manualsplus.com/


SDA Operator’s Manual 
The SDA measures jitter by determining the timing between the edge crossings of the data signal 
under test and comparing these measurements with the nominal unit interval (UI). A flow diagram 
of the edge to edge jitter measurement is shown below. The total jitter is derived from the 
histogram of timing error measurements. The histogram of measurements is accumulated and 
the tails of the distribution are extrapolated to form an estimate of the histogram for a population 
of 1016 measurements. The extrapolated histogram is then integrated to determine the cumulative 
distribution function, which forms the sides of the bathtub curve. The bathtub curve gives the eye 
opening (or 1UI - Tj(UI)) for all bit error rates down to 10-16. The total jitter for a given bit error rate 
is found by measuring the width of the bathtub curve at the y-axis value corresponding to the 
desired bit error rate. The periodic jitter and data dependent jitter are measured directly on the 
sequence of timing error measurements and the random jitter is found by measuring the 
difference between the total jitter and the components of deterministic jitter. 
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Tj Total jitter at a specific BER. The value is determined by the width of the curve 
expressing the confidence limits of the extrapolated TIE histogram. The value 
represents the expected range of values observed for a number of observed 
measurements equal to 1/BER. The Tj parameter is accumulated over all 
acquisitions since the start of the measurement, or the last clear sweeps 
operation. The total population of the TIE histogram is indicated in the waveform 
descriptor box for the bathtub curve and Htie (the TIE histogram) 

 

Rj Random jitter is obtained indirectly by first determining deterministic jitter 
through various direct analyses of the TIE trend. Once all of Dj is found, the Rj 
value is deduced from the equation Rj = (Tj(BER) - Dj)/ Tj(1-sigma)(BER), where the 
value for BER is typically 10e-12 (i.e., Rj is not a function, but a single value). The 
bit error rate is selected in the @BER (pow 10) control in the jitter menu. Rj is 
expressed in terms of an RMS value, whereas Tj and Dj are expressed as peak-to-
peak values. 

 

Dj Deterministic jitter is the peak-to-peak non-random part of the total jitter. This 
parameter is the sum of the measured peak-to-peak values of periodic jitter (Pj) 
and data dependent jitter (DDj). The DDj includes the effects of both inter-symbol 
interference and duty cycle distortion. 

 

Pj Pj is the peak-to-peak magnitude of the periodic components of the TIE trend. It 
is measured by analyzing peaks in the Fourier transform of the trend of the time 
interval error. It is necessary to specify the pattern repetition length (if there is one) 
so that spectral lines harmonically related to this pattern rate do not contribute to 
the estimate of Pj, since the spectral energy associated with data pattern-related 
spectral components is included in the DDj measurement. The total periodic jitter 
is the complex sum of the spectral components listed in the table under the Pj 
breakdown tab. 

 

DDj The peak-to-peak jitter caused by systematic effects related to the sequence 
of data transitions. 
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Control Values Description 

Find Pattern   Pressing this button searches the signal for a 
repeating pattern and loads it into the 
function when it is found. The Length (UI) 
and Tx dens. controls are then updated. 

Invert Pattern On/off Checking this box inverts the found pattern 
bit by bit. 

Bit rate   The symbol rate of the signal under test. This 
value must be entered by the user in order to 
set the nominal UI. 

Avg Wfm On/off Averages the N cycle plots measured on 
successive acquisitions. This is especially 
useful for removing random effects from 
standard deviation plots. 

Use PLL On/off Use the software golden PLL to generate the 
reference clock for edge timing. This setting 
is ignored when DDmean or DDsdev is 
selected. 

Cutoff Div. PLL cutoff divisor When the PLL is selected, this control sets 
the loop bandwidth as a ratio of the bit rate 
(loop BW = data rate/cutoff divisor). 

Find Level   When the level type is absolute, clicking this 
control finds the mean signal level. 

Clear Sweeps   Pressing this button clears the sweeps that 
have been accumulated in the averaging 
mode. 
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Control Values Description 

Total Jitter The total jitter curve which, shows the 
cumulative probability of an edge being 
greater (right-hand side) or less (left-hand 
side) than its nominal location in the center. 
The total jitter at a particular bit error rate is 
measured from the width of this curve at the 
desired bit error rate given by the vertical 
location over which the width is measured. 

EstTIE Estimated tie histogram. This shows the 
original histogram of TIE measurements that 
has been extrapolated to a population of 
1016.  

LogTIE The log of the TIE histogram 

Bathtub The bathtub curve. This is a an alternate 
version of the total jitter curve scaled 
horizontally to 1 UI. The right-hand side of 
the curve is taken from the left-hand side of 
the total jitter curve, and the left-hand side 
comes from the right-hand side of the total 
jitter curve. 

Frequency 100 kHz to 4.5 GHz The bit rate of the signal. This control is only 
active when the bathtub output is active. 

Transition density 0.1 to 1.0 The transition density in the data signal. 
Usually assumed to be 0.5. This represents 
the number of bit transitions compared to the 
total number of bits in the data stream. This 
value is used to normalize the extrapolated 
histogram. 
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The Slice2Persist function takes as its input a data waveform and a clock signal. The clock must 
consist of a sequence of time values that increase at the nominal unit interval for each successive 
sample. For example, a 2.5 Gb/s bit stream should have a clock input consisting of the numbers 
0, 4e-10, 8e-10, 12e-10, …, which increase at a 400 ps per UI rate. The clock signal is derived 
from the output of the TIE@lvl parameter, which contains a sequence of adjustment values that 
are added to the nominal bit period for each UI. These correction values allow the TIE@lvl 
parameter to act as a phase locked loop. The web edit setup is shown as follows: 
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Eye Diagram Setup and Measurements 
1. Select Mask for each Eye Diagram - Depending on the Standard selected, there may be one 

or several types of serial data masks available. 
2. Select a Mask Margin (as % of the nominal mask size) if desired. 
3. Select a Measurement Type. There are three groups of parameters: 

Amplitude 
• Eye Height 
• One Level (Eye) 
• Zero Level (Eye) 
• Eye Amplitude 

 
Timing 

• Eye RiseTime 
• Eye FallTime 

Eye 
• Eye Width 
• Eye RMS Jit 
• Eye BER 
• Eye Crossing 
• Avg Pwr (Eye) 
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Address  Bus Characteristics (Refer to Figure): 
• During every period of BCLK, 2 bits are sent or there's an idle state (high voltage on both 

strobes and relevant data). 
• Bit transfers occur in double multiples of bits only (2, 4, 6…). 
• There's sampling of address bits on both falling and rising edges of ADSTB 
• Falling edge (ASTB#) samples address bit 0  
• Rising edge (ASTB#) samples address bit 1 

 
 

Address Bus Timing Diagram ©Intel Corporation 
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Common Clock  Bus Characteristics (Refer to Figure) 
• During every period of BCLK, 1 bit is sent or there's an idle state meaning high voltage on the 

signal. 
• BCLK is a differential signal.  

 
 

Common Clock Bus Timing Diagram © Intel Corporation 
 

362  SDA-OM-E Rev H 

ManualsPlus.com

https://www.manualsplus.com/


https://www.manualsplus.com/


https://www.manualsplus.com/


https://www.manualsplus.com/


   
The first step in creating a clock signal is the creation of a digital phase detector. This is simply a 
software component that measures the location in time at which the signal crosses a given 
threshold value. Given the maximum sampling rate available, 20 GHz, interpolation is necessary 
in most cases. Interpolation is automatically performed by the SDA. Interpolation is not performed 
on the entire waveform; rather, only the points surrounding the threshold crossing are interpolated 
for the measurement. A cubic interpolation is used, followed by a linear fit to the interpolated data, 
to find the crossing point. This is shown in Figure 1. 

 

 
 

Figure 1. SDA Threshold Crossing Algorithm 
 
Clock recovery implementation in the SDA is shown in Figure 2. This algorithm generates time 
values corresponding to a clock at the data rate. The computation follows variations in the data 
stream being tested through the use of a feedback control loop that corrects each period of the 
clock by adding a portion of the error between the recovered clock edge and the nearest data 
edge. 

 
 

Figure 2. Clock Recovery Implementation 
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As shown in Figure 2, the initial output and the output of the digital phase detector are set to zero. 
The next time value output is equal to the nominal data rate. This value is fed back to the 
comparator on the far left which compares this time value to the measured time of the next data 
edge from the digital phase detector. The difference is the error between the data rate and the 
recovered clock. This difference is filtered and added to the initial base period to generate the 
corrected clock period. The filter controls the rate of this correction by scaling the amount of error 
that is fed back to the clock period computation. This filter is implemented in the SDA as a single-
pole infinite impulse response (IIR) low-pass filter. The equation of this filter is: 
 

 
 

The value of yk is the correction value for the kth iteration of the computation and xk is the error 
between the kth data edge and the corresponding clock edge. Note that the current correction 
factor is equal to the weighted sum of the current error and all previous correction values. The 
multiplier value is set to one in the SDA, and the value of n is the PLL cutoff divisor that is set 
from the SDA main menu. The cutoff frequency is Fd/n where Fd is the data rate. This filter is 
related to its analog counterpart through a design process known as impulse invariance and is 
only valid for cutoff frequencies much less than the data rate. For this reason, the minimum PLL 
cutoff divisor setting is 20 in the SDA. 
The factor n determines the number of previous values of the correction value y that is used in 
the computation of the current correction value. This is theoretically infinite; however, practically 
there is a limit to the number of past values included. One can define a “sliding window” 
equivalent to a number of UI (unit intervals) of the data signal for a given value of n. This is useful 
for measuring signals such as serial ATA and PCI-Express, where the specifications call for clock 
recovery over a finite window. The equivalent bandwidth of the sliding window is given by a 
sin(x)/x function. The first null of this function occurs at x = π or ½ the bit rate (the digital 
equivalent of the frequency of a signal at the sampling rate is 2π and the sampling rate for clock 
recovery is the data rate). This is scaled by the window size to be 2π / N where N is the window in 
UI.  The 3 dB point of the sin(x)/x function is at 0.6π / N or 0.3Fd/N for a window length of N. This 
gives us a relationship between N and n: 

 
Fd/n = 0.3Fd/N  or n = N/0.3 

 
For a sliding window size of 250, the equivalent value of n would be 833. 
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Equation 1 is a heuristic that describes total jitter as a function of bit error rate (BER) and is 
related to a distribution consisting of a Gaussian convolved with a pair of impulses as shown in 
Figure 7. The constants Rj and Dj represent all of the components of random and deterministic 
jitter. The Greek letter Psi is a function of BER and represents the total peak-to-peak jitter of a 
unit normal distribution (i.e., a Gaussian with zero mean and a standard deviation of 1 at the 
specified bit error rate. The process of determining Rj and Dj involves finding the “best fit” values 
that solve equation 1. There are many possible ways to fit Rj and Dj to (1) and since it is a 
simplification, no single set of solutions can completely describe the behavior of actual jitter 
completely. It is for this reason that the SDA uses two separate methods to measure Rj and Dj, 
effective and direct, and presents these to the user. 
 

 
 

Figure 7. Jitter PDF model corresponding to the heuristic in equation 1. The random jitter is modeled 
by a Gaussian and the deterministic jitter by a pair of impulses separated by the value of the 

parameter Dj. The curve shown is the convolution of Rj and Dj. 
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Figure 9, gives the total probability of an edge being greater than t (or less than -t). The 
contribution to the system BER by jitter is given by the probability that an edge occurs at a time 
greater than t as we mentioned earlier. In order to guarantee a BER contribution from jitter below 
a certain value, the positive and negative values of t are chosen so that the probability of an edge 
at a time greater and less than these times is equal to the desired bit error rate. These jitter 
values can be measured by finding the intersection between a horizontal line at the bit error rate 
and the total jitter curve. The horizontal spacing between these two points is the total jitter.  

 
 

Figure 9. Total jitter curve. The vertical values of this curve represent the probability of a data 
transition occurring at a time represented by the horizontal axis. The horizontal center of the plot is 
0 ps. The two markers are placed at the vertical level corresponding to a bit error rate of 10 e-12 and 

the horizontal distance between these two points is the total jitter at this bit error rate. 
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Figure 11: The measured histogram of TIE values is extrapolated by fitting curves to the 
bins below the 10th and above the 90th percentile. The log of the histogram is used to 

simplify this process to a quadratic fit. 
 

 
 

Figure 12: Logarithm of the measured TIE histogram superimposed on the extrapolated curve (in 
yellow). The extrapolation uses a quadratic curve fit to the histogram bins at the extremes. 
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When DDj Calc. Method is set to ISI Plot, the SDA uses a patent-pending method to measure 
both forms of data dependent jitter. The method uses the history of a number of bits in the 
waveform to determine their effect on the transition of a given bit. A user-selectable number of 
bits (from 3 to 10) is used in the measurement. The acquired waveform is processed in segments 
the size of the selected number of bits. For example, if 5 bits are selected, segments 5 UI long 
are examined. For each segment, the value of the 5 bits is determined and each group of 5 bits is 
averaged with segments of similar value. When the entire waveform is scanned, a set of up to 32 
(for 5 bits) waveforms are created. The averaging process removes all random jitter, noise and 
periodic jitter from the segments. The waveform segments are overlaid by lining up the first 
transition of each of the segments and measuring the relative timing of the transitions to the last 
(5th in this example) bit.  

 

 
 

Figure 14. DDj measurement procedure. Averaged waveform segments for each pattern in 
the data stream are overlaid by lining up the first data transition. The curve above shows 
all of the transitions between the next-to-last bit and the last bit on the right side. The DDj 
is measured by examining the width of this crossing point at the selected threshold level. 

 
Periodic jitter is measured by examining the spectrum of the trend of TIE values. The time interval 
error is measured for each edge in the data stream. Where no edges are present, as is the case 
for consecutive “1” or “0”’ values, edges are inserted at the expected data transition times. These 
inserted edges do not add any additional jitter since they are placed at the ideal edge locations 
for the data rate. The trend of TIE is continuous and the spectrum can be computed. Periodic 
jitter is the complex sum of the spectral components excluding those associated with the 
repetition frequency of the data pattern and its harmonics. 
The deterministic jitter is computed by adding up the periodic (Pj) and data dependent (DDj) 
components. The random jitter is computed using Equation 1 and subtracting the measured 
deterministic jitter from the total jitter at the selected bit error rate.  
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 Figure 16. Bit Error Map for 127-Bit Pattern Containing Random Errors (White Squares) 
 

 
 

Figure 17. Bit Error Map for 127-Bit Pattern Containing Pattern Dependent Errors 
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The reason this is such an interesting (and thus preferred) representation for the CDF and EDF is 
that on this scale the CDF of a Gaussian PDF is a straight line. When  the CDF or EDF is o
modified symmetric form, then their graphs appear as the upper lines of a triangle. Below is a plot 
of an EDF (simulation) for a Gaussian PDF with 

f the 

a sigma of 1 picosecond. 
 

 
 
The other interesting attribute of this representation is that the slope of the lines give the sigma of 
the distribution. This is all common treatment so r. All is well for a single Gaussian distribution. 
 
Now, enter the idea that this coordinate transformation should have a variable normalization 

s normalization is such that when the area of an un-normalized Gaussian is ρnorm, then 
=0, 

fa

factor. Thi
that resulting CDF manifests as straight lines with slope revealing sigma, and intercept with Q
giving the mean of the Gaussian PDF. This is the “normalized Q-Scale” where: 

 

 
 

As an example, when two different Gaussian distributions are analyzed in this way, their EDFs 
appear as below. The linear fits on this coordinate scale yields the proper (simulated) values for 
their sigmas and means. 
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If the distribution is governed by only two Gaussians of equal weight, this equation degenerates 
into 

 

 
 

And if, in addition, the two Gaussians have the same sigma (or Rj), then 
 

 
 

This equation is disturbingly different from 
 

 
 

This is because in the traditional Dual-Dirac discussion, we typically “forget” that the two 
Gaussians are only half-strength. 
In general, to approximate the traditional Dj and Rj value, we are still using the separation of the 
“outermost means, and approximating Rj by the mean of the two sigmas. 
We do, however, calculate Tj from the most precise estimation of the CDF from the renormalized 
Q-scale fit, using correct weights and sigmas to reconstruct a theoretical PDF, using the central 
region of the histogram “as is” and the extremes replaced by theoretical Gaussians of the correct 
strength, sigma, and mean to estimate each extreme region. This is then reconstructed into a 
CDF, so Tj(BER) becomes a simple calculation on that curve. 

 
§ § § 

SDA-OM-E Rev H  397 

ManualsPlus.com

https://www.manualsplus.com/

