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INTRODUCTION

The DTS-207(x)™ Virtual Instruments Signal Integrity (Patent pending) software provides all
the major features of the instrument through graphical displays of statistics and waveforms via
a PC or workstation. This version of the Virtual Instruments Signal Integrity software operates
on an IBM PC, or compatible, using Microsofte Windows™ 95, 98 or NT 4.0 as well as SUN/
Solaris® and Hewlett-Packard® Workstations. For specific information on hardware and soft
ware requirements see Section 1 — Hardware & Software Requirements. Virtual Instru-
ments Signal Integrity™ provides access to the following features of the DTS-207(x)™ :

* Select and execute the 16 measurement functions

* Set measurement reference voltages

* Select external or automatic arming

* Choose external arm reference voltages and edge senses

* Enable arming event gating

* Perform pulse find on input signals

* Select pulse find method

* Select trip level percentages or “user” voltages

* Set sample size

* Filter with the instrument and/or software filters

* Digitize signal envelopes using strobing

e Set arm-on-nth counts to 131,071

* Gate Arm Mode Time Stamp

* Gate Arm Mode Event counting

* Burst on Trigger with Elapsed Time Stamp
DTS features not available in the Virtual Instruments Signal Integrity™ software program are:
¢ Manual trigger mode
¢ Cable measurement
¢ DC input measurement with the comparator A/D
e Setting the DTS-207(x)™ front panel display (LCD) units
e Setting “sets” count
e Setting SCSI addresses

* Memory clear to defaults
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WINDOW / INSTRUMENT PANEL

Nine separate window panels are used to display the results of DTS-207(x)™ operations

in various formats in the dataCOM version while seven panels are available in the PLL
version of Virtual Instruments Signal Integrity™. The PLL version does not have the dataCOM
or Eye Histogram window panel options.

¢ OSCILLOSCOPE - Digitized waveform(s) found using the strobe function.
Fast Fourier Transform Available.

HISTOGRAM - Histogram of acquired samples. Tail-Fit option available.

e JITTER ANALYSIS - Graph of measured jitter vs. some nth stop event count.
Fast Fourier Transform Available.

* FUNCTION ANALYSIS — Analysis of measurement with respect to cycle count.
Fast Fourier Transform Available.

* TIME DIGITIZER - Graph of samples acquired in single burst. Fast Fourier
Transform Available.

¢ dataCOM - Graphs of DCD + DDJ Jitter, Bathtub Curve, 1-Sigma vs. Ul, Fast
Fourier Transform and Unit Interval Distribution (dataCOM version only).

e EYE HISTOGRAM - Graphs of Tail-Fit and Bathtub Curve (dataCOM version only).
* TIME SERIES - Strip chart of low frequency variations with Allan Variance.

¢ STATISTICS - Text display of time measurements, voltage levels and duty cycle.
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SECTION 1 — HARDWARE & SOFTWARE REQUIREMENTS

Virtual Instruments can be installed/used under the following software platforms:

Windows NT 4.0
Windows 95/98
SUN/Solaris
HP - UNIX

The following hardware and software is required to execute the utility software.

1.0 HARDWARE REQUIREMENTS
Windows 95/98/NT 4.0

Minimum extended memory: 32 megabytes for Windows 95/98
48 megabytes for Windows NT 4.0
VGA Monitor

Video Graphics card with minimum of 256 colors and minimum display area
of 1024x768 pixels

National Instruments GPIB card:
PCI-GPIB recommended, PCMCIA or AT-GPIB

Hard drive with 8 megabytes of unused space

Printer is configured through Windows printer Setup feature

SUN/Solaris

SPARC Workstation

National Instruments GPIB Interface Card (GPIB-SPRC B), or
external (GPIB/SCSI-A) interface box

Hewlett Packard

Hewlett—Packard 9000, Model 715 and above

National Instruments GPIB Interface: a) EISA-GPIB for HP-UX or
b) GPIB-SCSI-A Controller

HP E2070 Card (ISA HP-IB Interface Card)
or,

HP E20711 Card (ISA/EISA High Speed HP-IB Interface Card).
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1.1 SOFTWARE REQUIREMENTS
Windows 95/98/NT 4.0

e  MS Windows 95, 98 or NT 4.0 Operating System
e National Instruments GPIB driver to match GPIB card used

SUN/Solaris

e Solaris version 1.x (SunOS 4.1.x), or
e Solaris version 2.x (SunOS 5.x), and

e National Instruments GPIB driver: NI-488.2M

Hewlett Packard

e HP 9000 O/S 10.x and above

e National Instruments GPIB driver: a) NI-488.2M for HP-UX
b) No driver software is required for
the SCSI-A Controller

e HP E2091 HP I/O Libraries for HP 9000 series 700. (See Appendix B for installation)

1.2 VIRTUAL INSTRUMENTS SOFTWARE INSTALLATION
Windows 95/98/NT 4.0

If a previous version of Virtual Instruments has been installed, backup copies of existing files
should be made, or a different installation directory should be chosen during Step 4 below.
To install Virtual Instruments:

1. Insert VIW diskette into the 3-1/2 inch drive or VIW CD into the CD-ROM drive.

2. For 3-1/2 inch disk, click the Start button and then click Run.
For installation from CD, wait for Autostart program to run setup program. If Autostart
does not start installation program, click the Start button and then click Run.

3. Type a:\setup (or appropriate drive letter) and select OK.

4. Follow the instructions on the screen to complete the installation.
Setup will create a Virtual Instruments program folder in the Programs menu. To run the

Virtual Instruments program, click the Start button, point to Programs and click on Virtual
Instruments. The Control Panel and WAVECREST flag will be displayed (See Figure 1.0).
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Figure 1.0 Virtual Instruments Control Panel and Flag
for Windows 95/98/NT 4.0

SUN/Solaris

CHECKING, INSTALLING and CONFIRMING GPIB DRIVER

Before loading the Virtual Instruments software, check to see if a National Instruments GPIB
driver is installed. If an incorrect driver is installed, it must be removed/unloaded before

the correct one can be installed. Also correct driver installation must be confirmed before
Virtual Instruments can be successfully installed.

e For Solaris 1.x systems, see Appendix C.

e For Solaris 2.x systems, see Appendix D.

The Virtual Instruments software can be installed in any directory on the system including
user and system directories. SuperUser access may be required for installation depending
on where VIW is installed.
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e CREATING A VIW DIRECTORY

The following command is used to create the VIW directory which will later be set
as the ‘VI WHOVE’ environmental variable. Any directory within the OS install or
/home partition can be used, however, the typical installation directory would use
‘fusr/local /viw.

nkdir /usr/local/viw

e [INSTALLING VIW FILES
Installation can be done via 4mm (DAT), 8mm, 1/4 in. tape devices or CD-ROM.

On Solaris version 1.x (SunOS 4.1.x) based workstations, these tape devices are typically
‘/dev/rst0Q’or‘/dev/rstl’.

On Solaris version 2.x (SunOS 5.x) based workstations, these tape devices are typically
‘/dev/rnmt /0’ or‘/dev/rm/ 1.

Insert the VIW installation tape. Change to the VIW install directory. For the install
directory created above, this would be done with the following command:
cd /usr/local /viw

*  For Solaris version 1.x (SunOS 4.1.x) tape device, ‘/ dev/ r st 0, copy the VIW
files into the install directory with the following command:

tar xvf /dev/rstO

* For Solaris version 2.x (SunOS 5.x) tape device, ‘/ dev/ rnt /0, copy the VIW
files into the install directory with the following command:

tar xvf /dev/rnt/O0

For installation via CD-ROM, mount the CD using the normal procedure for your work-
station. Create a target software installation directory by issuing the command:

nmkdi r Vi w
while residing in the directory in which you would like the software installation placed.

Make that directory current by issuing the command:
cd viw

The software installation for each platform is combined into a single tar file on the CD-
ROM. To install the software issue the command:

tar xvf / cdrom nmount _point/platformtar

Replace cdrom mount mount with the full path to the CD-ROM mount point for your
workstation. Replace platform.tar with the appropriate filename for your workstation
based on the following list:

sunos.tar, solaris2.tar
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e VIW ENVIRONMENTAL VARIABLES

VIWHOME

An environmental variable, ‘VIWHOME’, must be set for the VIW program. This
defines the top directory.

For C shell users, this environmental variable can be set in the ¢. cshr ¢’ file in the
user’s home directory or entered on the command line. For the above install directory,
use the following command:

setenv VIVHOVE /usr/ |l ocal /viw

For Bourne and Korn shell users this environmental variable can be set into the . profil e’
file in the user’s home directory or entered on the command line. For the above install directory,
use the following commands:

VI WVHOVE=/ usr /| ocal / vi w
export VI WHOVE

VIW_DEVICE

An additional environmental variable, VI W DEVI CE’, must be set. This defines the device
file in ¢/ dev’ that corresponds to the DTS GPIB address. For example, if the GPIB address
is 5, the value for ‘VI W DEVI CE’ might be ‘dev5’ and the command to set this would be:

setenv VI W DEVI CE devb
e EXECUTING VIW

VIW requires two executable files: 1) viw, the main program; and 2) import*, used to capture the
screen to a disk file (See Section 4.0, Print option). Both executables are in ‘$VI WHOVE/ bi n’.
The PATH environmental variable must be modified to contain this bin directory.

For C shell users, $PATH can be set in the . cshr ¢’ file in the user’s home directory or entered
on the command line with the following command:

set env PATH ${ PATH} : $VI WHOVE/ bi n

For Bourne and Korn shell users, ‘8PATH’ can be set in the ‘. pr of i | e’ file in the user’s home
directory or entered on the command line with the following commands:

PATH={ PATH} : $VI WHOWE/ bi n
export PATH

NOTE: It may be necessary to enter the command ‘rehash’ for the viw executable file to be found.
e TO RUN VIW, enter the following command:

NOTE: The following command assume the user has logged in, via the above ‘dot’ file
commands, i.e., ‘profile’, “.cshrc’:

Vi w

The Control Panel will be displayed (See Fig. 1.1).
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Hewlett Packard

The Virtual Instruments software can be installed in any directory on the system including user
and system directories. SuperUser access may be required for installation depending on where
VIW is installed.

e CREATING A VIW DIRECTORY

The following command is used to create the VIW directory which will later be set as the
VIWHOME environmental variable. Any directory within the OS install or /home partition
can be used, however,the typical installation directory would use ‘/ usr/ | ocal / vi w.”’

nkdir /usr/local/viw

e INSTALLING VIW FILES

Installation is done via 4mm (DAT) or CD-ROM. On an HP based workstation, these devices
are typically:

“/dev/rnt/O0mn .
Insert the VIW installation tape. Change to the VIW install directory. For the install directory
created above, this would be done with the following command:

cd /usr/local/viw
For the tape device, /dev/rmt/Om, copy the VIW files into the install directory with the
following command:

tar xvf /dev/rnt/0Om

For installation via CD-ROM, mount the CD using the normal procedure for your work-
station. Create a target software installation directory by issuing the command:

nmkdi r Vi w
while residing in the directory in which you would like the software installation placed.

Make that directory current by issuing the command:
cd viw

The software installation for each platform is combined into a single tar file on the CD-
ROM. To install the software issue the command:

tar xvf / cdrom nmount _point/platformtar

Replace cdrom mount mount with the full path to the CD-ROM mount point for your
workstation. Replace platform.tar with the appropriate filename for your workstation
based on the following list:

hp9x. tar, hplOx.tar

6 | Section 1 | Hardware/Software



VIW ENVIRONMENTAL VARIABLES
VIWHOME

An environmental variable, ‘VI WHOVE’, must be set for the VIW program. This defines the
top directory. For C shell users, this environmental variable can be set in the . cshr ¢’ file
in the user’s home directory or entered on the command line. For the above install directory,
use the following command:

setenv VIVHOVE /usr/ |l ocal /viw

For Bourne and Korn shell users this environmental variable can be set into the . profil e’
file in file in the user’s home directory or entered on the command line. For the above install
directory, use the following commands:

VI WHOVE=/ usr /| ocal / vi w
export VI WHOVE
VI W DEVI CE

An additional environment variable, ‘“VIW_DEVICE’ may be set to explicitly define the device
to be used. If it is not set, the device used will be hpib,# where # is the GPIB Device number
set in the GPIB and Display Dialog Box. Here are additional examples of possible explicitly
set devices:

setenv VI WDEVI CE hpi b, 5 Device at bus address 5, and symbolic name hpib.

setenv VIWDEVICE 7,5 Device at bus address 5, and connected to an inter-
face card at logical unit 7.

setenv VIWDEVI CE | an[ 128.10.0. 3] : hpib, 5
Connect to a LAN server at [P address 128.10.0.3
which contains an hpib interface with device at bus
address 5.

setenv VI WDEVI CE | an[ hpi bsrv. wave. com :7,5
Connect to a LAN server named hpibsrv.wave.com
which contains an interface card at logical unit 7 with
primary device at bus address 5.

Reference the HP Standard Instrument Control Library manual for additional information and
device examples.
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e Executing VIW

VIW requires two executable files: 1) viw, the main program; and 2) import*, used to capture
the screen to a disk file (See Section 4.0, Print option). Both executables are in
$VIWHOME/

bin. The PATH environmental variable must be modified to contain this bin directory.

For C shell users, $PATH can be set in the ‘.cshrc’ file in the user’s home directory or entered
on the command line with the following command:

set env PATH ${ PATH} : $VI WHOVE/ bi n

For Bourne and Korn shell users, ‘SPATH’ can be set in the ‘.profile’ file in the user’s home
directory or entered on the command line with the following commands:

PATH={ PATH} : $VI WHOVE/ bi n
export PATH

NOTE: It may be necessary to enter the command ‘rehash’ for the viw executable file to
be found.

e To Run VIW, enter the following command:

NOTE: The following command assumes the user has logged in with environmental
variable ‘dot’files set into the user’s home directory, i.e., ‘profile’, ‘.cshrc’:

Vi w

The Control Panel will be displayed (See Fig. 1.1).

GO | CYCLE||STOP | RESET | _PULSE FIND || CONNECT | | i 8% |
=] VIW — WAVECREST — Virtual Instruments — 51 5.1 Rk
File MWindow DTS Control/Config Help

GO | CYCLE| STOP | RESET | PULSE FIND | COMNECT | 33 w4 |

Figure 1.1 Virtual Instruments Control Panel for HP/SUN

* import is part of the ImageMagick package developed by John Cristy, E.I. DuPont De Nemour
and Company Incorporated, copyright 1996 .
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ECTION 2 — GENERAL DISCUSSION OF CONTROL PANEL

2.0 DISPLAY AND MENU CHARACTERISTICS

The graphical user interface incorporates Motif/X Windows as the graphical display utility.
A control panel “window” is displayed on the screen after execution of the VIW program.

A menu bar across the top, under the title bar, presents selections that are activated via a
pointing device (mouse) or keyboard with a pull-down menu being displayed. The pull-down
menu contains a list of options which may have either an immediate effect or cause a pop-up
menu window to be displayed. The pop-up window will present the user with data entry
prompts to set operation parameters. The dialog windows across the panels work together

in a coordinated manner. The same instrument parameters can be used for all panels or
changed for individual panels. A tool (button) bar under the menu bar provides one-button
activation of application functions common to all display panels. Refer to the Motif User
and Style Guides for more information on working with Motif.

2.1 CONTROL PANEL

The Control Panel displays the program title, version number, menu bar, function tool
(button) bar and the status bar (See Figure 1.0, Control Panel).

2.2 VERSION NUMBER

The Version Number, following the program title, is used to track version levels and
should be available anytime questions or comments are discussed.

2.3 MENU BAR DESCRIPTION

When Virtual Instruments is first activated, an initial menu bar is displayed below the title
bar in the Control Panel. This initial Menu Bar activates pull-down menus which allow
the user to access all instrument panels and system help files or exit Virtual Instruments.

............................................................

Figure 2.0 Initial Menu Bar

Section 2 | Control Panel | 9



Once an instrument panel has been entered through the Window pull-down menu, the full Menu
Bar is displayed and provides access to Save/Load options, panel options, DTS control functions

and Help files.
The full Menu Bar selections are:

e File — Set instrument panel parameters to default, load and save specific configurations
save graph bitmaps, print display panels and exit Virtual Instruments.

e Window — Select instrument panels or calibration panel.

e DTS Control/Config — Select panel parameters for controlling measurements at
the instrument

e Help — Provides user access to file manager and system help files

File “indow DTS Control/Config  Help

Figure 2.1 Full Menu Bar - Control Panel

FILE

The File pull-down menu on the Control Panel is used for exiting Virtual Instruments while
the File pull-down menu for each Window panel permits system type functions to be selected.
See Section 4.0 for a detailed explanation of the Window/File selection.

Qs DTS Gorer
whindow Help Save Config
E xit |YC|_E| STOP | Load Config
Save Data
Save Screen [image file)
Prirt Screen
File Selection Close

Window/File Selections

Figure 2.2 File Menus
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WINDOW

The Window pull-down menu provides access to the different instrument panels as well
as the internal and external calibration of the instrument. See Section 3.1 for details on
specific panels.

LA DTS Contrald
Ozcillozcope
Hiztogram
Jditter Analysiz
Function Analysiz
Time Digitizer
Drata Comm
Eve Histagram
Time Sernies
Statistics

Calibrate

Figure 2.3 Window Selections

DTS CONTROL/CONFIG

The DTS Control/Config pull-down menu provides access to the GPIB and Display
Config dialog window. The user can customize GPIB board and device addresses, signal
trace display colors and the window background color. For Channel colors to be activated
after being changed, Virtual Instruments must be exited and restarted. Background default
color is white.

GPIB and Display Config |

GPIB Board o
GPIB Device |5
Channel 1 color IMagenta j
Channel 2 color IHEd j
Background color IWhitE j

Figure 2.4 DTS Control/Config Selection
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HELP

The Help command provides the user access to system help files.

LContents
Search for help on...
How to uze help

Abaut...

Figure 2.5 Help Menu

2.4 FUNCTION TOOL BAR

The Function Tool Bar provides one-button activation of common application functions.
The tool bar is used in all Virtual Instruments panels.

GO |CYCLE| STOP| RESET | PULSE FIND | CONNECT | DSM 1{1 |

Figure 2.6 Function Button Tool Bar

e GO - Starts single measurement function.

e CYCLE - Starts continuous measurement function.

e STOP - Interrupts continuous measurement function.

e RESET — Resets data registers and plot scaling.

e PULSE FIND - Initiates a pulse find.

e CONNECT - Initiates communication link between host computer and DTS unit.

e DSM 1/1 — Select from which channel(s) of the DSM16 to acquire measurements.

DSM Channel Selection [ %]

~Channel 1
«1 2 3 4 O/ OB CF7 C8

~Channel 2
1 2 3 ¢4 K OB CF CB8

Cancel | Help |

Figure 2.7 DSM Channel Selection
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2.5 STATUS BAR

Communication between the DTS-207x and Virtual Instruments is automatically
established when a Virtual Instruments panel is activated (See Section 3.0 for a detailed
explanation of accessing test panels). The Status Bar in the lower left-hand corner of the
Control Panel shows the instrument/interface channel designation and displays communi
cation status as CONnected or Not Connected.

If communication is lost, usually by turning off the power or performing a Clear from
the DTS unit front panel, communication can be reestablished by clicking the Connect
button on the Function Tool Bar.

DEV[ 0.5 :CON | x=-0.000 y = 0,000

Figure 2.8 Status Bar

The Status Bar also displays the x, y coordinates of the cursor location with respect to its
position on or near a point or plot line.

2.6 ZOOM IN/OUT

The Zoom In/Out features are activated using the left button of a pointing device (mouse).
To Zoom In, click and drag using the left mouse button until the area to be enlarged is
highlighted. This can be done repeatedly until the desired magnification is achieved. To
Zoom Out, double click the left mouse button. Double-clicking will zoom out one level
each time. If the user has zoomed inthree times, it will take three double-clicks to return to
normal view.
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SECTION 3 - GENERAL DISCUSSION OF INSTRUMENT PANELS

3.0 GENERAL INSTRUMENT PANEL DESCRIPTION

An instrument panel will display the last measurement taken as a graphical representation
accompanied by its associated data. The Statistics Panel displays the measurement data
in a text format.

After starting the Virtual Instruments program, with the entry panel displayed, click on the
Window selection of the menu bar (See Fig. 3.0).

Fie RN (115 ConbolConiby  Heip
Gl Drcllcscope RESET | PULRE AIND | COMMECT | 1050 HE
.

Figure 3.0 Entry to Instrument Panels

Click on the Histogram selection and the Histogram panel will be displayed (See Fig. 3.1).

The Histogram instrument panel will be used to describe general panel characteristics
Some information will be slightly different for specific panels. Refer to the appropriate
panel explanation in Section 4.1 for the exact format.
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The menu bar across the top provides access for setting up instrument and panel configurations.
The name of the selected panel is given across the top of the graphical display area. If applicable,
the instrument function and channel will also be displayed at the right.
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Figure 3.1 General Panel Format

An hourglass symbol is displayed while a measurement is in progress. If the panel is in repeat
mode, additional measurements will be taken after the display of the last data. Statistics of the
most current measurement, and the overall statistics of a series of measurements, are displayed
at the bottom of the instrument panel.

Clicking on a pull-down menu item will initiate an action or display a pop-up dialog window. Click
the mouse on the Options selection and then click on Histogram to display the
Histogram pop-up dialog window (See Fig. 3.2) for additional parameter options.
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Figure 3.2 Pop-Up Dialog Window

The dialog parameters can be changed repeatedly to fit operator needs using the scroll
keys or check boxes. The OK button can be clicked to accept the settings and return to
previous menus.
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3.1 SPECIFIC INSTRUMENT PANEL DESCRIPTION

The Window selection on the menu bar is used to activate one or more instrument panels.
All other menus are used to configure the instrument and Virtual Instruments features.

Once all configuration parameters are set, the user can then move from one panel to
another and collect test data.

Clicking on the Window selection displays the respective pull-down menu:

sl DTS5 Control

Ozcillozcope
Histogram

Jitter Analysis
Function Analyzis
Tirme Digitizer
dataCOm

Eve Histogram
Time Series
Statizhics

Calibrate

Figure 3.3 Window Pull-Down Menu

The first ten menu selections will bring up an individual measurement panel. The last
menu selection presents the user with instrument calibration options.
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OSCILLOSCOPE PANEL

The Oscilloscope panel graphically presents the results of the strobe function. This uses
the strobe window GPIB command which takes starting, ending and incremental delay times
and then strobes the target signal at the specified time points to get a profile of voltage vs.
time. In addition, voltage vs. frequency can be plotted using the Fast Fourier Transform
option (See Fast Fourier Transforms, page 36, for more information on FFTs). The strobe,
or trigger, input can be CH1, CH2, ARM1 or ARM2 and can target either a single channel
or both.
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Figure 3.4 Oscilloscope Panel

STROBING ARM and INPUT SIGNAL RELATIONSHIP

The strobing digitizing feature requires that the trigger must not repeat less than the time
to be strobed. The trigger can be selected from one of the following signals: CH1, CH2,
Arm] or Arm?2.

Start of Strobes End of Strobes

Trigger —
Trigger

Figure 3.5 Strobe Arming Relationship
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HISTOGRAM PANEL

The Histogram panel displays a histogram of the individual samples taken during a single
burst. It also has the capability of persistence which is to accumulate data from a sequence
of measurements. The histogram may be drawn in one of three styles: Straight line point-
to-point between bin centers, stepped to show each bin, or as triangles with the peak on each
bin center.

In addition, there is a Tail-fit option available which detects the tail region on the far left and
right extremes and provides estimates for Random and Deterministic Jitter. This tool is useful
when the basic statistical analysis tools fail due to the presence of a Deterministic Jitter com-
ponent and can be used on all dual channel measurements as well as single channel measure-
ments. When operating in the Tail-fit mode, there is also a Bathtub Curve plot available which
provides additional information concerning the Error Probability.

For a more detailed explanation of the Tail-Fit feature, see Section 6.0, Eye Histogram.
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Figure 3.6 Histogram Panel

20 | Section 3 | Instrument Panels



JITTER ANALYSIS PANEL

The Jitter Analysis panel is used to display a graph of the jitter/peak values from a series
of measurements. Each measurement, except for the first, is taken with one more stop event.
A summary is given at the bottom of the panel with the average, peak-to-peak, maximum

and minimum values.

Bls Qotiees DTE Goess
I-Figma &F 4 Fasdliss o Bveal
L
CH i
{' Lo ]
L]
i
a
™
a
nE
Evurd
HEAE FE-FK TEAE DI HININH § FAYYES
1-FIE L LA LN L
ITRALL [ . ] [ = _ ] [ - ] [ = ] L ]

Figure 3.7 Jitter Analysis Panel
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FUNCTION ANALYSIS PANEL

The Function Analysis panel uses the Arm-On-Nth event capability of the instrument
to examine individual pulses in a train. Given a range of pulses to examine, this panel

will repeatedly set the START and STOP counts and make measurements of the function
selected. The resultant measurements are plotted on the vertical axis with the horizontal
axis representing either pulse count or elapsed time.

Function statistics are displayed at the bottom of the panel including: Average, Peak-to-
Peak and Maximum and Minimum Jitter, or Fast Fourier when selected.

The derivative, the difference between the current and previous measurement, can be
plotted instead of the measurement value.
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Figure 3.8 Function Analysis Panel
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TIME DIGITIZER PANEL

The Time Digitizer panel presents the samples taken during a single burst in sequential,
graphical form. The individual datum are plotted with the Y-axis being the measured value and
the X-axis being the order in which the samples were acquired. A trigger burst mode with an
elapsed timer that time stamps each one-shot measurement is provided. The X-axis scale can be
selected to represent time or number of events. The Time Digitizer panel also includes the
Latest and Overall statistics.
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Figure 3.9 Time Digitizer Panel
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dataCOM PANEL

The dataCOM panel has several features one of which is used to analyze bit error probability
utilizing deterministic and random jitter components. Features include: DCD + DDJ Histogram,
All Measurements Histogram, Bathtub Curve, Autocorrelation, 1-Sigma vs. Unit Interval, Fast
Fourier Transform and Unit Interval Distribution. See Section 4.4 for a more detailed explana-

tion of each Plot option.
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Figure 3.10 dataCOM Panel
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EYE HISTOGRAM PANEL

The Eye Histogram panel provides a tool for creating a Histogram of readings when a bit clock
is available. A Tail-fit algorithm may then be applied to provide Random Jitter and Deterministic
Jitter estimates. The Eye Histogram will automate this process on data patterns where a bit clock
is available. Essentially all initial steps involved in filtering the data is done for you. Samples for
both rising and falling edges are also overlaid on top of each other. The Bit Clock also has a tail-fit
performed on it which causes an additional delay to occur only on the first pass.

For a more detailed explanation of the Eye Histogram and Tail-Fit feature, sce Section 6.0, Eye
Histogram.
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Figure 3.11 Eye Histogram Panel
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TIME SERIES PANEL

The Time Series panel presents a sequential strip chart display of measurements. The
chart has a “width” of 500 samples after which it begins to scroll to the left with new data
added on the right. The data presented may be one of three sets; Average only, Max./Min.
Average or Peak/Jitter, and can be acquired one-by-one on user’s command, in a free-
running “continuous” mode, or in a continuous mode with a given time spacing between
points by selecting from the Time Series options menu. Along with the strip chart, the
Time Series window presents the statistics from the latest sample as well as cumulative
(overall) statistics. For the overall values, the measurements’ averages and jitters are
themselves averaged with subsequent readings. When the number of readings used to
form the average reaches 10000, the algorithm switches from straight averaging to an
exponential decay method in order to avoid loss of accuracy when dealing with very large
numbers of samples. The overall max. and min. are the most extreme values of all samples.
Optionally, this window may display the Root Allan Variance of the sequential measurements.

The Allan Variance is calculated from two data sources: the samples still residing in the
strip chart (the last 500) and also from all measurements taken. As with computing the
overall average, a two-stage algorithm is used with the first 5000 samples used explicitly
and subsequent samples being incorporated with an exponential decay technique. See
Section 4.1, Options under Time Series for further information.
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Figure 3.12 Time Series Panel
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STATISTICS PANEL

The Statistics panel presents the results of time measurements in a text format: Average,
maximum, minimum, peak, jitter, samples done and samples requested. Also presented are
the measured VOH, VOL and Vp-p of the two input channels. The corresponding Options
pull-down menu selects a Pulse Find to be performed following each time measurement
with the new results displayed.

See Section 4.1 for more on the Options pull-down menu selections and Section 4.2 for
more on the DTS pull-down menu selections.
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Figure 3.13 Statistics Panel
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3.2 INSTRUMENT CALIBRATION

CALIBRATE

The Calibrate sclection is used to calibrate the instrument and has a button for each of
the following calibration choices:

Internal Calibration

Extended (Internal) Calibration
External AC Calibration
External AC & DC Calibration
Strobe Calibration

The instrument firmware version is used by Virtual Instruments to determine which features
the instrument can support and is displayed at the top of the dialog window.

A time/date stamp below the firmware identifier is a log of when the instrument was last
calibrated through Virtual Instruments.

NOTE: The instrument could have been calibrated through the front panel at a later date.

When having comments or questions about Virtual Instruments, the instrument firmware
version and the Virtual Instruments version on the entry panel should be available.

OTS ldentification

|'u"|".|!|.'||"l' CHREGT.OTS-2041,01.99

Last Intermal Callbration

|I'ri Mo @10 T4Z05:4% 19939

Intermal Calibrathon |

Ir Extended ||_ Multiplier

External Calibration |

External with DC Cal. |

Strobe Calibration |

Figure 3.14 Calibration Window
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INTERNAL CALIBRATION

Internal Calibration calibrates the instrument to ensure the instrument meets specifications.
The calibration data is stored in the instrument and used each time a measurement is taken.

wiw

Confirm internal calibration
operation

Figure 3.15 Starting Internal Calibration

The instrument should be warmed up at least 30 minutes before calibration. The instrument
should also be on at least 30 minutes after power down to ensure the calibrated data is used in
a stable condition. Internal calibration takes 5 minutes and a countdown is displayed on the
instrument’s front panel.

EXTENDED INTERNAL CALIBRATION

Extended Internal Calibration allows the user to reduce jitter due to the noise floor of the
instrument through the use of longer internal calibration periods. The selected multiplier, from 1
to 25, extends the base calibration period of approximately 5.5 minutes by that factor. The table
below shows typical results using the selected multipliers. Calibration times are approximate.

Multiplier Cal |[l-sigma| 0db Peak ***Embedded code version 1.98 or
Factor Time jitter Noise Floor greater must be installed for extended
internal calibration to work.

1 55min| 3.36 2.68ps

- ***The extended internal calibration can

2 Ilmin | 2.56 1.46ps only be initiated via GPIB commands
. ith a user program or with Virtual

6 . Wi prog

33min | 2.24 84915 Instruments™ version 3.20 or greater.

24 132 minl 2.19 827fs See GPIB manual for command.
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EXTERNAL CALIBRATION

External calibration measures the difference between the channel paths in order to ‘zero’ out
those differences when taking a measurement. External calibration also ‘zeros’ out any DC
difference between the channel inputs.

Virtual Instruments has two external calibration buttons. See Figure 3.14, Calibration Window. The
External Calibration button will guide the user through the measuring of the channel
paths (AC external calibration).

The External with DC Cal button will guide the user through both the AC and DC calibrations.
After external calibration is complete, a quick check of the instrument can be done by placing the
reference voltages to 0.0000 volts and measuring any of the following functions:

e TPD++, TPD--, TT+, TT-................. Ops £ 10ps

e PW+, PW-, TPD+-, TPD-+ .............. 2500 ps £ 10ps

® PER 5000DS eveeeoiieeeiieeeiieeeieeeienn + 10ps

® FREQ oo 200 MHz = 1kHZ
STROBE CALIBRATION

Strobe calibration will calibrate the signal digitizing hardware of the instrument and will guide
the user through steps to move the cables. One portion of the strobe calibration takes 10-20 seconds
during which a “Please wait” message is displayed on the instrument’s front panel and the right side
of the Status Bar. To exit the calibration window and return to the menu bar, click OK.
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ECTION 4 —- MENU BAR AND PULL-DOWN DIALOG WINDOWS

4.0 DETAILED MENU BAR DESCRIPTION

e File — Save or load specific Virtual Instruments panel parameter configurations,
save or load test data, save displayed panel in bitmap file, print current panel
and exit Virtual Instruments.

* Options — Sclect panel specific parameters.
* DTS - Select DTS configuration settings for controlling instrument measurements.

* Help — Provides access to help files and file manager.

FILE

The File pull-down menu presents options for loading and storing DTS instrument
configurations and measurement data, saving displayed window/screen to operator

named bitmap file, printing a hard copy of the displayed window/screen or exiting

Virtual Instruments. Clicking on the File command will display the respective pull-
down menu (See Fig. 4.0).

Options DTS Screen
Save Config
Load Config
Save Data
Save Screen [image file)
Print Screen

Cloze

Figure 4.0 File Menu Commands
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SAVE CONFIG

The Save Config dialog window provides the user with a method of saving the current
parameter configuration in a user named setfile in the Virtual Instruments directory.

These setfiles can later be recalled through the Load Config selection. See the Default
Parameters selection under the menu bar DTS command in Section 4.2 for selecting a
specific panel default configuration set.

Selecting the Save Config command will display a dialog window where the user can
assign a file name to the current parameter configuration. Clicking on Open will store the
settings in the Virtual Instruments directory where it can be recalled at anytime.

Sawe parameters to File: HE

Lookin | ‘3 vi_2075_32 =] ==

Fileg of type: IFiIes [*.3piz) LI Cancel |

Figure 4.1 Save Config Dialog Window
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LOAD CONFIG

The configuration files containing parameter configuration settings for the DTS are stored in
setfiles in the Virtual Instruments directory for use in the utility program.

To load a specific setfile, select Load Config and click on the appropriate setfile. Click on
Open and the parameters will be loaded into Virtual Instruments.

Load parameters from File:

Look, in: I S wi 2075 32

Fileg of type: IFiIes [*.3piz) LI Cancel |

Figure 4.2 Load Config Dialog Window

SAVE DATA

The Save Data dialog window provides the user with a method of saving statistical data
in a user named file in the Virtual Instruments directory. The infomation can be retrieved
from the user-named file in the Virtual Instruments directory using a text editor or spread-
sheet program of the user’s choice. The file is saved in a tab delimited column oriented
manner and is directly importable to Microsoft Excel.

The files are also self-documenting. Comment lines precede the data indentifying the fields
that follow. All comment lines begin with a semi-colon (;).

Save data to File:

Look, in: I S wi 2075 32

Fileg of type: IFiIes [*.zpd) LI Cancel |

Figure 4.3 Save Data Dialog Window
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SAVE SCREEN (image file)

The Save Screen (image file) command saves the displayed panel, including graphs and
current data, into a user-named bitmap file in the Virtual Instruments directory or other
specified directory. The user can then access this file through a draw or paint program.

Select file to save bitmap to_.. K E3
Lookjn: |3 vi 2075 32
i awe
File name: || Open I
Filez aof type: IFiIes [*.brmp) LI Cancel |

Figure 4.4 Save Screen (bitmap)

PRINT SCREEN

The Print Screen selection will display a Windows print setup dialog window for selecting
print parameters.

If print fails, check the following:

* Printer is powered ON
* Printer cable is connected and seated properly
* Printer is on-line

If the above doesn’t correct the problem, see your printer’s operation manual.

CLOSE

The Close selection will terminate Virtual Instruments.
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4.1

OPTIONS

The Options pull-down window presents the user with option parameters for the active
instrument panel. These option parameters are specific to the associated instrument panel.

Options ENES
Option Dialog

Figure 4.5 Options Pull-Down Menu

OSCILLOSCOPE

The Oscilloscope Options dialog window presents options of which channel(s) to be
displayed, the parameters for the voltage strobes, as well as Fast Fourier options. See
Appendix A, Using Fast Fourier Transforms.

Nzcillnzcops Dption:

Start Time |:rn.|:mrmnu Trigaer IAFIH 1 '|
Stop Time |1 DO.000000n User Trigger Yoltz [~ ||__| nonno

Time Increment () 500000 Trigger Edge {Rising -
Time Unit - - Paszes to Ay I| ...-|
Measure Ehew Pt = Standard Display
[ Chammel 1 M leeed CH1 & Channel 1 ™ Channel 182 Sum
M Chamnnel 2 T ve CHE T Channel - ™ Channel 152 fang

™ Fast Fourier
[_OK | Cancel | Help |

Figure 4.6 Oscilloscope Options

e Start Time - Sets the delay of the first strobe point. The limits are from 25ns to 3us.

e End Time - Sets the delay of the last strobe point. The limits are from 25ns to 3us.

e Time Increment - Sets the increment value between each strobe point, such as 0.1ns.
The resolution is 10 ps.

e Time Unit - The units of entry for the strobe start, end and increment can be changed
to femto-, pico-, nano-, micro-, milliseconds or seconds.

e Trigger - Enable check box to set the trigger for Arm1, Arm2, CH1 or CH2.
e User Trigger Volts - Sets the trigger strobe arm trip voltage. The limits are 1.1 volts.

e Trigger Edge - Selects the rising or falling edge that the arm voltage will trip.
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e Passes to Average - The output of multiple passes can be averaged thereby lowering
the error as a result of sampling noise.

e Measure - Select Channel to measure and whether to invert signal when displayed:
Channel 1, Channel 2, Invert CH 1 and Invert CH 2.

e Show Plot - Displays the selected waveform(s): Channel 1 or Channel 2.
e Standard Display - Displays the selected waveform from Show Plot.

e Chan 1& 2 Sum - Displays Sum of Channel 1 and Channel 2.

e Chan 1& 2 Avg - Displays Average of Channel 1 and Channel 2.

e Fast Fourier - Provides a frequency domain display based on the oscilloscope
waveform. For more information on Fast Fourier Transforms,
see Appendix A, Using Fast Fourier Transforms.

FFT Window [Koiser |

Padding |18 =]

Alpha [Kaiser only] I'Ei

ok | CANCEL |

Figure 4.7 Oscilloscope Fast Fourier Transform

FFT Window - Rectangular, Kaiser, Triangular, Hamming, Hanning, Blackman
and Gaussian. Default window is Kaiser. See Appendix A, Using
Fast Fourier Transforms.

Fast Fourier options E

FFT Window Kaiser

Triangqular
) Hamming
Padding Hanning

Blackman

Alpha [Kaiser only] I'Ei

ok | CANCEL |

Figure 4.8 Oscilloscope FFT Window Selection
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Padding - Padding increases the frequency resolution of the FFT. Default is 16.
Generally, a higher padding value will increase transformation

processing time.

FFT ¥Window IKaiscr j

Padding 16 =
2 =
4
i)

Alpha (Kaiser only)  MNG_—_—_G_
32 -

ok | CANCEL |

Figure 4.9 FFT Padding Selection

Alpha (Kaiser only) - Default is 6.

HISTOGRAM

The Histogram Options dialog window presents the user with options of selecting graph
styles and data update modes as well as the Tail-fit option and parameters.

Graph Style |'|'.-|1“-|!||'= El Tail i Display Parameters

it E=nror, Frobahiling :
Update Mode Il'-lurnlul j ol culate Tetal Jitter = -
™ Caleulate DJ and R from Tail-fit Ihl.l. I'I':"I' S [ooooon
Tulhilp s julia Furdineled; :..":'I.lll;.-'l.“'l'.. nit
= (S50 ool B U EHR o B | Profmtility & Gample:
T Sy Force Bit Criteris pthink *-mwis aplay Uity
b, Hi= o Perform l'— £ Lk Ircberness| = Tirm
LT PO ftathinh %-mels Misplay Units

©Hit Errar Probabiliy: & Timr

T Calmaate et ditter

E‘“’“l Help | --i,.l..um v LifTT m

Figure 4.10 Histogram Options
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o Graph Style

Graph Style provides for the selection of three different line drawing styles on the
Histogram instrument panel:

Stepped - Stepped levels for each bin.
Straight- Straight line point-to-point between bin centers.

Triangle - Vertical line representing size at each bin.

Hiztoegram Dptions [ ]

Eraph Syle |Tﬂmg I El

Stepped
Update Mode Straight

™ Caleolate DU and B from Tail-fit

Figure 4.11 Histogram Graph Style

o Update Mode

The Update Mode provides for the selection of three different displays of the
measured data:

Normal - The Normal selection displays only the last data measured for the
most current burst.

Accumulate - The Accumulate selection adds the data measured at a specific
point to an accumulative value at that point and displays the
accumulative value.

Overlay - The Overlay selection displays the largest value of all previous
measurement bursts at a specific point.

Graph Style [Trimngle =]
Update Mode [Mogmal =]

I Calewlabe DU and sccumulate
: Oraer iy

Fig. 4.12 Histogram Update Mode
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Calculate DJ and RJ from Tail-fit

Checking the Calculate DJ and RJ from Tail-fit box enables the Tail-fit algorithm for
providing Random Jitter and Deterministic Jitter estimates and activiates the Tail-fit
Parameters options.

Hiztogram Options
Graph Style ITriangIe j ~Tailfit Display Parameters
Bit Error Probahility 12 -
Upduiz bluds INurmaI j to calculate Total Jitter
o Total Jitter Spec.
[ Calculate DJ and RJ from Tail-fit I1.I]I]l]l]l]l]

Opening [ns]

Tail-fit A ire P: 1

at-iit Acqhire Farameters Histogram Y-axis Display Units
I™ Stop Cycle On Success ¢ Probability & Samples
I Apply Force Fit Criteria Bathtub ¥-axis Display Units
Min. Hits to Perform |5I]— " Unit Interval = Time
Tailfit (in 1,000's) Bathtub Y-axis Display Units

" Bit Error Probability &~ Time
¥ Calculate Effective Jitter

ok | Cancel | Help | High Limit 77 -] Low Limit ;1 <]

Figure 4.13 Calculate DJ and RJ from Tail-fit

Tail-fit Parameters

Stop Cycle on Success - The Tail-fit option has certain quality requirements that must
be met before an estimate is given. In the case of a high Deterministic Jitter component
these requirements may require several passes. Enable this option and then use Cycle
in order to accumulate until the requirements are met.

Apply Force Fit Criteria - The default tail-fit method uses a number of statistics to assess
that the quality of solution is sufficient before returning a result. The Force Fit method
relaxes these constraints and assumes the user has determined that the Min. Hits to
Perform Tail-fit specified is sufficient to return valid results.

Minimum Hits to Perform Tailfit - A Tail-fit is not attempted until the number of points
specified is acquired. This applies to the default mode as well as the Force fit method.
The value is input in 1,000's. Default is 50.

Bit Error Probability to calculate Total Jitter - The Bit Error Probability at which the
Total Jitter will be calculated. Default is -12

Total Jitter Spec. Opening - The width used in the Bathtub Plot to assess the Error
Probability in nanoseconds.

Bathtub X-axis Display Units - Determines the units to display along the X-axis of the
Bathtub Plot (UI or Time).
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Bathtub Y-axis Display Units - Determines the units to display along the Y-axis of the
Bathtub Plot (Bit Error Probability or Time).

Histogram Y-axis Display Units - Determines the units to display along the Y-axis of the
Histogram Plot (Probability or Samples).

Calculate Effective Jitter - Several Bit Error Rate Testers (BERT) offer the ability to derive
Deterministic Jitter and Random Jitter from a Bathtub Curve. Since this method is based
on a pure DCD/R]J jitter model, it tends to generate lower DJ and higher RJ values. This
option is offered in the event values are desired that are determined on a comparable
basis to a BERT.

High Limit and Low Limit - Defines the Bit Error Rate range over which the Effective Jitter
is derived.

JITTER ANALYSIS

The Jitter Analysis Options dialog window presents options for selecting the type of analysis,
stop event pulse (cycles) ranges, stop event increment value, x-axis scale, data compiling method or
Fast Fourier Transform. For more information on FFTs, see Appendix A, Using FFTs.

Jitter Amalpis Oplions E

Anabyze m
Low Stop Arming Event [z
High Step Arming Event  [pge
Increment Event by h
¥ aeds m

[0k | Cancel | Hew |

Figure 4.14 Jitter Analysis Options

e Analyze -Provides option of selecting 1-Sigma jitter, Peak, Variance or Fast Fourier
values to plot.
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Jitker Analysss Opliona

Annhyze

Low Stop Aeming Event
High Stop Armimg Ewvent

Increment Event by

* s

[ ok | cancet | Hewp |

Figure 4.15 Jitter Analysis Analyze Options

Fast Fourier - Transforms time-based analysis of jitter into a frequency domain
analysis display. For more information on Fast Fourier Transforms,
see Appendix A, Using Fast Fourier Transforms.

Fast Fourier options
FFT Window -
Padding |1 6 =l

Alpha [Kaiser only] IE

oK | CANCEL |

Figure 4.16 Jitter Fast Fourier Transform

FFT Window options - Rectangular, Kaiser, Triangular, Hamming, Hanning,
Gaussian and Blackman. Default window is Kaiser. For
more information on Fast Fourier Transforms, see
Appendix A, Using Fast Fourier Transforms.
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Fast Fourier options

FFT Window Kaiser j
Triangular
) Hamming
Padding Hanning

Blackman

Alpha [Kaiser only] IE

oK | CANCEL |

Figure 4.17 Jitter FFT Window Selection

Padding - Padding increases the frequency resolution of the FFT. Default is 16.
Generally, a higher padding value will increase transformation processing time.

Fast Fourier options
FFT Window IKaiser j
Padding 16 =~

2 I
1
i)
Alpha [Kaiser only]
32 hd
oK | CANCEL |

Figure 4.18 Jitter FFT Padding Selection
Alpha (Kaiser only) - Default is 6.

e Low Stop Arming Event - Select from 1 to 131,071 as the first stop event.
e High Stop Arming Event - Select from 1 to 131,071 as the last stop event.

NOTE: The High Stop Arming Event should always be at least 1 more than the Low
Stop Arming Event.

e Increment Event By - Sets increment value of Stop Arming Event.

e X Axis - Select either an Event or Time-based horizontal scale.
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FUNCTION ANALYSIS

The Function Analysis Options dialog window presents selections for choosing which pulse
cycles to measure and to plot the data or display it in a Fast Fourier Transform format.
For more information on FFTs, see Appendix A, Using Fast Fourier Transforms.

Function Anabyes Optieen_____________________FE
Putss BTART Evam h— Ineremest Ewen by
Fulie ETOP Evert 26 i
Hiog Eweni |- an ¢ j
Displayd Doty [Urgeperment =
e Im ™ Famt Faurizr

Comen | e |

Figure 4.19 Function Analysis Options

e Pulse START Event: Enters the cycle event which starts the functional analysis.
e Pulse STOP Event: Enters the cycle event which stops the functional analysis.

e Stop event: Determines the Arming and/or Stop Event (Fig. 4.20):

Arm Start First Stop = 1: Sets the arming sequence Stop Event to the first
stop event.

Start + 1: The Stop Event is set one past the Start Event.
(Start = 10; Stop =11 . .. Start = 20; Stop = 21)

Start Event: Sets Stop Event equal to the Start Event.

Comen | s |

Figure 4.20 Function Stop Event
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e Displayed Data: Seclect method of displaying data (See Fig. 4.21):
Measurement: Plots the measured value.

Derivative: Plots the difference between the current measurement and the
previous measurement.

Pulss GTKRT Event 7 Ineremest Even by
Pulie ETOP Event  [25) [

Slogp Ll |- Sxart k1 j
[=pleyad Dt M cpremani '|

X ke %ﬂrwmw [~ Faul Faurier
Lo | e |

Figure 4.21 Function Displayed Data

e X Axis: Select the horizontal plot axis (See Fig. 4.22):

Event: Take a measurement for each event from START event to STOP
event and plot these values versus the count.

Time: Take a measurement and plot the value versus time.

Pulss GTKRT Event 7 Ineremest Even by
Pulse ETOF Event  [25) [

Slop Leenl |- Shard ¢ 1 j
[=pleyad Dt |Huuﬂ man '|
I F
X ke I—_|F"="' - aul Faurier
Evari
Hew |

Figure 4.22 Function X-Axis

e Increment: Will increment pulse event by user-defined amount.

e Fast Fourier: Transforms time-based analysis of cyclical jitter into a frequency domain

analysis display. For more information on Fast Fourier Transforms,
see Appendix A, Using Fast Fourier Transforms.
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Fast Fourier options

FFT Window
Padding
Alpha [Kaiser only]

oK |

CANCEL |

Figure 4.23 Function Analysis Fast Fourier Transform

FFT Window options - Rectangular, Kaiser, Triangular, Hamming, Hanning,
Blackman and Gaussian. Default window is Kaiser. For
more information on Fast Fouier Transforms, See Appendix
A, Using Fast Fourier Transforms.

Fast Fourier options

FFT Window

Padding

Alpha [Kaiser only]

oK |

Triangular
Hamming
Hanning
Blackman

——

CANCEL |

Figure 4.24 Function Analysis FFT Window Selection

Padding - Padding increases the frequency resolution of the FFT. Default is 16.
Generally, a higher padding value will increase transformation processing

time.
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Fast Fourier options

FFT Window IKaiser j
Padding 16 =~
2 (=
1
i)
Alpha [Kaiser only]
32 hd
oK | CANCEL |

Figure 4.25 Function Analysis FFT Padding Selection

Alpha (Kaiser only) - Default is 6.

TIME DIGITIZER

The Time Digitizer option dialog window presents options of transforming time-based signals
into frequency domain-based signals or selecting Fast Fourier Transform.

Time Digitizer Dptions I
Elapsed Time Mode =
Passes to Average for FFT |1 vl

Range Average

Center Frequency [Hz] |25|]|]_|]|]|]
Range Width [Hz] |1 00.000

Initialize Timer... |

Cancel |

Figure 4.26 Time Digitizer Options

e Elapsed Time Mode - When selected, transforms time-based signal into frequency domain
based signal and displays waveform.
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Time Digitizer Dptions E3

Passes to Average for ON

FFT -1 clock
Range Average FFT - nth clock

Center Frequency [Hz] |25|]|]_|]|]|]
Range Width [Hz] |1 00.000

Elapsed Time Mode

Initialize Timer... |

Cancel |

Figure 4.27 Elapsed Time Mode

e Fast Fourier - Transforms time-based analysis of cyclical jitter into a frequency
domain analysis display. For more information on Fast Fourier
Transforms, sce Appendix A, Using Fast Fourier Transforms.

Fast Fourier options
FFT Window -
Padding |1 6 =l

Alpha [Kaiser only] IE

oK | CANCEL |

Figure 4.28 Time Digitizer Fast Fourier Transform

FFT Window options - Rectangular, Kaiser, Triangular, Hamming, Hanning,
Blackman and Gaussian. Default window is Kaiser. For
more information on Fast Fouier Transforms, See Appendix
A, Using Fast Fourier Transforms.
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Fast Fourier options

FFT Window Kaiser j

Triangular
) Hamming
Padding Hanning

Blackman

Alpha [Kaiser only] IE

oK | CANCEL |

Figure 4.29 Time Digitizer FFT Window Selection

Padding - Padding increases the frequency resolution of the FFT. Default is 16. Generally,
a higher padding value will increase transformation processing time.

Fast Fourier options
FFT Window IKaiser j
Padding 16 =~

2 I
1
i)
Alpha [Kaiser only]
32 hd
oK | CANCEL |

Figure 4.30 Time Digitizer FFT Padding Selection

Alpha (Kaiser only) - Default is 6.

e Passes to Average for FFT - Selects the number of passes to average for the FFT output.
e Range Average - For FFT modes only, this option will set the Center Frequency and
Range Width parameters for FFT measurements. This feature provides
the ability to measure data which may be away from the peak measurement.
°

Initialize Timer - Starts time logging feature. A toggling signal must be present on EXT

ARM 2 for time logging to be in effect. Calibration signal produced by
DTS is suitable for this purpose.
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dataCOM

The dataCOM Acquire Option and Display Option dialog windows present options for
establishing deterministic and random jitter measurement parameters. These window options
include: defining pattern, Bit Rate and corner frequency values; Bit Rate, DCD + DDJ, RJ and
PJ sampling parameters; Random Jitter Sigma Multiplier and measurement display parameters.

alalal M S Dplioesg
Petliein
Learn Mode | Editpaneen | 7 Bin 7 Hex
I Fandom Daty
Load sm Ble | Savesslile | ™ External Marker
Previes Ck2iS.pine:
| H
Bit Fate | Mbjs |
= Measire I Arwse Bil Robe
 Emer Value: ||I:IE!:' Lnm
Comer Frequency Mz [i37000 Advanced...
[ox 1] _Gancet | _ tew |

Figure 4.31 dataCOM Options

e Learn Mode - Provides a means for directly defining a pattern based on a data stream.
The data stream must be relatively jitter free and a suitable pattern marker
must be available as an external arm.

Eater the betal nwinhes
of bifs in e patiemn

|g- ™ Peremm DC0+DML
Calilbrafion

Emter the B9 Aate | Miy's |

|Il[-2.El[l

Gwert | ey

Figure 4.32 dataCOM Learn Mode

Perform DCD + DDJ Calibration - The DCD+DDJ Calibration routine is used to minim-
ize the effect of the instrument on DCD+DDJ measurements. This routine is intended
for DCD+DDJ measurements which do not exceed .05 UlI. This selection gives the user
the option to perform a baseline DCD+DDJ calibration. This can help isolate the DCD+DDJ
observed in the device under test. In order to perform a DCD+DDJ calibration a relatively
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clean data source is required. Subsequent measurements will apply offsets determined
during this phase on an edge by edge basis. Calibration data is pattern specific - if a
pattern is saved, the calibration data will be saved along with it. Since DCD + DDJ is
frequency dependent, the frequency at which the pattern was acquired is also stored.
If the pattern file is used at another frequency, a warning will be issued.

e Edit Pattern - Directly input data patterns in either binary or hexidecimal form. Select
Bin or Hex before selecting this option

e Random Data - This mode provides the means to analyze random data streams. No pattern
definition is required, and all pattern options are disabled while in this mode. The Bit
Rate cannot be measured while in this mode, and must be manually entered. Results
while operating in this mode should not be considered as reliable as those when operat
ing with a known pattern definition.

e External Marker - Enables the use of a pattern marker to provide more accurate jitter
measurements. Advanced configuration of the marker can be made in the Arming Dialog.

TIERM D 00 1o

e ] r.unu| [T

Figure 4.33 dataCOM Edit Pattern

e Load from file - Load previously defined pattern file (See Appendix E).
e Save a file - Store a defined pattern to file after using Edit Pattern or Learn Mode.

® Preview - Permits visual inspection of a pattern definition. If the pattern has been
saved, its file name will appear above it.

e Scroll bar - If a pattern is longer than 40 UI, the scroll bar is enabled to allow the
entire pattern to be viewed.

e Measure Bit Rate (Mb/s) - Provides the means to directly measure the Bit Rate based
on the pattern having been correctly defined.

Enter Value - Manually enter Bit Rate.
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Reuse Bit Rate - If selected, the Bit Rate measured on the first pass will be used for all
subsequent jitter calculations.

Corner Frequency (kHz) - Used to determine the maximum measurement interval
to be used in sampling.

e Advanced - Provides access to additional acquisition parameters. (See Figure 4.34.)
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Figure 4.34 Advanced Acquire Options

Bit Rate Sample: Measurements - Determines number of single shot measurements
used to quantify a given time interval and its statistical properties.
Standard Error of the Mean - Indicates when suspect measurements
have been taken, usually as a result of improper pattern selection.
Pattern Repeat - Permits measurements to be taken across multiple
pattern intervals.

DCD + DDJ and Pattern Match Sample- See Bit Rate Sample for explanation of options.
Random and Periodic Jitter Sample- See Bit Rate Sample for explanation of options.

RJ + PJ Acquire Modes -Sclects which of the data types to acquire for subsequent
output of Random and Periodic Jitter plots and statistics.

Passes to Average for FFT - Selects number of passes to average for the FFT output.

Header Offset - This option allows you to skip a given number of edges after the external
pattern marker before sampling. This can be helpful in applications such as Hard Drives
where a header precedes a repetitive data sequence in the data stream. This option is only
available when using external arming, and it applies to all Datacom sampling including
learn mode.
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e Apply +/- 0.5 Ul Filter - Available when a pattern marker is being used and quick-mode is
not enabled. Eliminates stray errors due to insertion of extra IDLE characters compensa-
ting for device re-clocking which disrupts standard Fibre Channel test patterns. Filters are
automatically calculated and applied to throw away any measurements which are more
then +/- 0.5 Ul away from their expected positions. If more than 5% of the edges are
filtered, an error will be reported.

e RJ + PJ Interpolation - This option selects the means of filling the gaps in the auto-
correlation function which naturally occur in a pattern. In general, the Cubic inter-
polation will produce the best results in the presence of periodic jitter. Selection of
Linear interpolation may be preferred in the presence of purely random jitter, in which
case the presumption of a smooth autocorrelation function cannot be made.

¢ Quick Sample Mode - This option enables a sparse sampling protocol for RJ+PJ data
acquisition which reduces the time required to obtain data. It is only available when
using an external arm. This method is appropriate for use only when there is insignificant
higher frequency jitter present. In the presence of high frequency jitter, the standard
sampling protocol will reduce the amount of harmonic distortion which can occur.

e Use tail-fit for RJ - This option enables the tail-fit algorithm for calculation of Random
Jitter. It may only be used in conjunction with an external pattern marker. It eliminates
the inflation of RJ which can occur due to the presence of PJ.
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Figure 4.35 dataCOM Display Options

e Bit Error Probability - Bit error rate parameter used for calculating Total Jitter.
Default is -12 (10?).

e FFT & Stats scaling - Selects display units.

e DCD+DDJ Filter (kHz) - This option applies a Low Pass or a High Pass Filter to the DCD+ DDJ
data. The resulting filtered data is plotted on top of the raw DCD+DDJ data in the DCD+ DDJ
vs. Unit Interval plot window. It is only available when external arming is being used.
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e RJ+PJ F_. (MHz) - Lower limit for the window over which RJ and PJ is calculated.
Default is Corner Frequency.

e RJ+PJ F__ (MHZ) - Upper limit for the window over which RJ and PJ is calculated.
Default is Nyquist.

e RJ + PJ Display Modes - Selects which of the data types are displayed for output of
Random and Periodic Jitter plots and stats. The data type must have also been selected to
be acquired in order to beavailable for selection.

e Calculate Effective Jitter - Several Bit Error Rate Testers (BERT) offer the ability to
derive Deterministic Jitter and Random Jitter from a Bathtub Curve. Since this method
is based on a pure DCD/RIJ jitter model, it tends to generate lower DJ and higher RJ
values. This option is offered in the event values are desired that are determined on a
comparable basis to a BERT.

High Limit and Low Limit - Defines the Bit Error Rate range over which the Effective
Jitter is derived.

EYE HISTOGRAM

The Eye Histogram option dialog window provides access to Tail-fit and Bathtub Curve
measurement parameters and display characteristics. When a tail-fit is successfully completed
the calculated tail-fits are plotted on top of the raw histogram, and values for the Deterministic
Jitter, Random Jitter, Chi-square goodness of fit, and Total Jitter are displayed (See Figure 6.7).
You can also view the resulting Bathtub Plot which is based on the PDF of the raw histogram
with extrapolated tails calculated from the tail-fit (See Figure 6.8). The Total Jitter is extracted
directly from the Bathtub Plot. Note: For Spectrum panel only - The Total Jitter Specification
(UI) that is used for this calculation is User Defined. Make sure that reasonable values are
assigned for this as well as the Bit Error Probability.
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Figure 4.36 Eye Histogram Option
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e Clock edge to reference - Select the Bit Clock edge which will be used to trigger
the readings.

e Use Tail-fit to calculate DJ and RJ - Enables the Tail-fit algorithm for providing
Random Jitter and Deterministic Jitter estimates.

e Resample Clock on Reset - Determines whether the clock and filters will be analyzed
every time the Reset button is pressed.

e Ul calc sample size - Determines the number of measurements to take in order to
analyze the bit clock.

e Filter calc sample size - Determines the number of measurements to take in order to
determine the correct placement of filters.

e Apply Force Fit Criteria - The default tail-fit method uses a number statistics to assess
that the quality of solution is sufficient before returning a result. The Force Fit method
relaxes these constraints and assumes the user has determined that the Min. Hits to
Perform Tailfit specified is sufficient to return valid results.

e Min. Hits to Perform Tailfit - A Tailfit is not attempted until the number of points speci-
fied is acquired. This applies to the default mode as well as the Force fit method. The
value is input in 1,000's.

e Stop Cycle on Success - The Tail-fit option has certain quality requirements that must
be met before an estimate is given. In the case of a high Deterministic Jitter component
theserequirements may require several passes. The accumulation of additional points
from subsequent passes will normally lead to these requirements being met. Enable this
option and then use Cycle in order to accumulate until these requirements are met and
then stop.

e Bit Error Probability to calculate Total Jitter - The Bit Error Probability at which the
Total Jitter will be calculated.

e Bathtub X-axis Display Units - Determines the units to display along the X-axis of the
Bathtub Plot (UI or Time).

e Bathtub Y-axis Display Units - Determines the units to display along the Y-axis of the
Bathtub Plot (Bit Error Probability or Time).

e Histogram Y-axis Display Units - Determines the units to display along the Y-axis of
the Histogram Plot (Probability or Samples).

e Calculate Effective Jitter - Several Bit Error Rate Testers (BERT) offer the ability to
derive Deterministic Jitter and Random Jitter from a Bathtub Curve. Since this method
is based on a pure DCD/R]J jitter model, it tends to generate lower DJ and higher RJ
values. This option is offered in the event values are desired that are determined on a
comparable basis to a BERT.

High Limit and Low Limit - Defines the Bit Error Rate range over which the Effective
Jitter is derived.
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TIME SERIES

The Time Series Options dialog window allows for selection of the type of data to be
plotted and the rate at which to take these measurements.

Show Data i

Sample Spacing [Sec] IU-1 00000

Calculate Allan Yariance IOFF j
oK | CANCEL |

Figure 4.37 Time Series Options

e Show data - Selects the data to be plotted
Average
Average/Minimum/Maximum
Peak/Jitter

e Sample Spacing (sec.) - Selects time between measurements.
Minimum resolution is 100ms.

e Calculate Allan Variance - When ON the Allan Variance is calculated and displayed
after each measurement.

The Allan Variance is a measure of frequency stability. It is a non-dimensional factor
giving the variance of the signal frequency over a given period of time. To correctly
measure the Allan Variance, Virtual Instruments should be in repeat cycling mode and
have the time delay set to a specific interval. The value presented in Virtual Instruments
is the Allan Variance proper and not the Root Allan Variance.

The Allan Variance is typically done over one second periods. The frequency is measured
each second and compared to the frequency of the previous second. The discrete frequency
change is then divided by the nominal (first sample) frequency before being included in a
variance calculation. The resultant number is not based on the input frequency thus allowing
quality comparisons between signals of differing frequencies.
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STATISTICS

The Statistics option dialog window presents the user with the option to do a Pulse Find
after each burst.

Statistics Option

Figure 4.38 Statistics Options

56 | Section 4 | Menu Bar - QPTIONS



4.2

DTS

The DTS selection on the menu bar provides access to all the configuration parameters of the
DTS. The pull-down menu presents options for setting the DTS control parameters. These

values can be stored as distinct setups using the Save Config option under File in Section
4.0. By selecting and changing setups, DTS measurement configurations may be shared between
display windows. These options are desensitized when not applicable. The Function and
Arming selections contain the primary configuration options for the DTS-207x. Filter is

used to filter measurements at the instrument. The Pulse Find sets start and stop threshold
reference voltages based on the minimum and maximum pulse level found on each channel.

The Reset To Defaults command resets the user defineable parameters to the default
configuration. The Front Panel On menu controls the operation of the DTS front panel.

Clicking on the DTS command will bring up the respective menu:

Function Dialog
&rming Dhalog
Filter Dialog

Pulze Find Dialog
Scaling Dhalog
Reszet To Defaults
Front Panel On

Figure 4.39 DTS Pull-Down Menu

* Function — Presents user with primary configuration options for the DTS unit.
* Arming — Presents user with instrument arming options.
* Filter — Presents user with data filtering options for the next, and subsequent, measurement.

¢ Pulse Find —Presents user with Pulse Find options used by the instrument and
initiates a Pulse Find.

¢ Scaling — Presents user with panel scaling options.

¢ Reset To Defaults — Selects which parameters are to be used as default settings for
a specific panel.

* Front Panel On — Presents user with the option to display the results of a measure-
ment on the DTS unit front panel. By deselecting Front Panel On,
the instrument is able to execute measurement functions faster.

This mode is recommended.
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FUNCTION

The Function dialog window contains the primary configuration options for the DTS. The data is
updated to be an accurate reflection of the instrument state. When the user selects a new function,
the DTS is set to that function and then the other parameters are readback to the PC. This allows the
Utility program to pick up default settings for the functions from the DTS. When a Pulse Find is
performed, the new trip levels are retrieved and displayed. When percentage trip levels are selected,
the Start volt and Stop volt selections are desensitized to demonstrate that those levels are being
computed, not entered. When the function selected is a two-channel operation, the Channel
selection is desensitized.

The Function pop-up dialog window options are (See Fig. 4.40):
* Function — Select primary configuration function for the DTS unit (Fig. 4.41).

e Channel — Select Channel 1 or 2 for single channel functions. Default is BOTH
for TPD functions.

e Start volt — Enter trip level for the start event. Used for display only if a percentage
is selected for pulse find.

* Stop volt — Enter trip level for the stop event. Used for display only if a percentage
is selected for pulse find.

* Sample size — Enter number of measurements to be taken in each burst.

* Pulse Find % — Presents user with options to select which percentage range of Pulse Find
to be used by the instrument (Fig. 4.42).

¢ Arming — Presents user with instrument arming options (Fig. 4.43).
Arm On Start - Arm the instrument for the first start event.
Arm On Stop - Arm the instrument for the first stop event.
Arm Start First - Arm the instrument as specified but only after the Start event has occurred.

e Start arming event — Enter the start event for Arm-on-Nth event (1 to 131,071).
¢ Stop arming event — Enter the stop event for Arm-on-Nth event (1 to 131,071).
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Figure 4.40 Function Pop-Up Dialog Window
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Figure 4.43 Function Arming Selection
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ARMING

The Arming dialog window contains settings for External arming and Gating. The options
give full control over the use of the ARM1 and ARM2 inputs of the DTS.

Arming
Arming mode Im
Start event arming Im
Stop event arming Im
ARM1 voltage IU-UUUUUU
ARM1 edge [Rising ]
ARM2 voltage W
ARM2 edge [Rising ]
Gating with ARM2 OFF -
Burst timeout |2—

oK | CANCEL |

Figure 4.44 DTS Arming Selections

* Arming mode — Selection of automatic arming (arming from input signal) or
external arming (arming from ARM1 or ARM2 inputs).

e Start event arming — Selection of ARM1 or ARM2 for the start event.

e Stop event arming — Selection of ARM1 or ARM2 for the stop event.

* ARM1 voltage —Entry of trip voltage of ARMI input and selection of RISING or
FALLING edge. Trip level limits are +/- 1.1 volts.

* ARM2 voltage — Entry of the trip voltage of ARM2 input and selection of RISING
or FALLING edge. Trip level limits are +/- 1.1 volts.

* Gating with ARM2 — Selection to use ARM2 input as a “gating” input. With gating
ON the trip voltage set by ARM2 voltage is used. Rising sets
gating high and falling sets gating low.

Burst Timeout — Sets the time-out period, in seconds, before the instrument will
in seconds report the error, ‘No Pulses Found’, after initiating a measure-

ment.
The default time period is 10 sec.
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FILTER

The Eilter dialog window allows the time-range filtering of the DTS to be specified as
either a Window (max./min.) or Bandpass (center/width) filter. If both are toggled on, the
Window limits will be used after a warning dialog box is displayed (Figure 4.45).
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Figure 4.45 Filter Warning Message

The DTS Filter options are (See Fig. 4.46):

Bandpass Filter — Select bandpass filtering of measurements.

Bandpass Center — Enter center reference time of a timeband to be used in
calculating statistics when Bandpass Filter on.

Bandpass Width — Enter filter range (0 to +2.49 seconds) of Bandpass Filter.
Bandpass Unit — Enter time unit of bandpass filter.

Window Filter — Select window filtering of measurements. Takes precedence if
both types of filtering are on.

Window Filter Max. — Enter maximum filtering time.
Window Filter Min. — Enter minimum filtering time.
Max. Unit — Enter time unit of Window Filter Max.
Min. Unit — Enter time unit of Window Filter Min.

Max./Min. times can be entered in seconds, milli-, micro-, nano- or picoseconds.
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DTS Filter

BandPass Filter
BandPass Center
BandPass Width +}-

BandPass Unit

Yindow Filter
Window Filter Max.
Window Filter Min.
Max. Unit

Min. Unit
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Figure 4.46 DTS Filter Options Window

PULSE FIND

The Pulse Find dialog window allows selection of PEAK, FLAT or STROBE pulse find methods
and pulse find activation. It then displays the VOH, VOL, Vp-p for CH1, CH2, ARM1 and ARM?2
channels as appropriate for the function setup. It also presents the PEAK values when finding FLAT.
Clicking on Pulse Find will display the respective window with the voltages that are not applicable

desensitized.
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Figure 4.47 Pulse Find Dialog Window
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¢ Pulse Find Mode — Presents selection of PEAK, FLAT or STROBE as the type of
pulse find to be performed.

Peak - Finds the positive and negative peaks of the input signals selected under DTS
FUNCTION/CHANNEL. CH X and CH X Peak entries will be the same.

Flat - Finds the peaks the same as PEAK selection and then finds the Vmax and Vmin
flat areas of the pulse positive (Vmax) and negative (Vmin).

Strobe - Finds the average voltage of a strobe window area based on the entry times
of entry boxes and Strobe Pulse find Setups (in picoseconds). For each channel
selected (under DTS FUNCTION/CHANNEL) a VOH (positive peak)
Start, Stop and Increment times, as well as a VOL (negative peak) Start, Stop and
Increment times must be set.

Find Pulses - Click on button to initiate a pulse find and observe voltage windows changing.

The ARMING input for each channel must be set as either ARM1 or ARM2. The arming voltages
must be set up under DTS/ARMING.
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SCALING

The Scaling dialog window allows the user to select Auto or Fixed graph scaling modes
as well as Upper and Lower limits, Units and Event max:

e Scale mode

Auto - This mode will “hold the extreme” values encountered in a series
of measurements.

Fixed - When in Fixed, the user can specify the upper and lower limits to plot.
The fixed limits are applied to the measured value axis.

¢ Upper limit — Set the maximum scale limit in fixed mode.
* Lower limit — Set the minimum scale limit in fixed mode.

* Unit — Set unit of measure: seconds, milli-, micro-, nano- and picoseconds.

Scaling

Scale mode IAuTO 'l
Upper limit |1I]I].I]I]I]I]I]I]
Lower limit |1_|]|]|]I]I]I]

Unit IPS MHz vl

Cancel | Help |

Figure 4.48 Scaling Dialog Window

RESET TO DEFAULTS

Each display window has one DTS configuration set specified as the “preset default” for that
window. The pop-up menu provides the choice of enabling or disabling the default feature. If the
“preset default” configuration is not used, the DTS configuration from the last use of the window
is reloaded. When the user changes parameters and exits a panel, the changes will be saved as
the default parameters for that panel. On reentry into that panel, the new defaults will be used.
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FRONT PANEL ON

The Front Panel On selection turns the instrument’s LCD front panel on or off during
operation.Measurement cycle time will be decreased if the front panel display does not have
to be updated. When the utility package is finally exited, the display function of the DTS will
be turned on for normal operation.

Screen

Function Dialog

Arming Dialog

Filter Dialog

Pulze Find Dialog

Scaling Dialog

Bezet To Defaults
v Front Panel On

Figure 4.49 Front Panel On Selection
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4.3 SCREEN SELECTIONS

The Screen options pull-down menu on each panel’s menu bar (except STATISTICS panel)
provides access to display characteristics. Selections under Screen include Show Grid,
Markers, Zoom and Overlays.

v Show Grid
Markerz ¥
£ 00 »
Owerlays: ¥

Figure 4.50 Screen Options Pull-down Menu

* Show Grid turns on/off the vertical and horizontal grid lines of the activated panel.

* Markers provides movable grid lines which are controlled by the up/down/left/right
keys on the keyboard. The four movable markers can be displayed all at once, horizon-
tal markers only, vertical markers only or no markers at all. The Bottom and Right
markers are controlled by pressing the Shift key and then an arrow key. Red colored
text near the top of the panel displays the position of each marker and the difference
between them.

Markers can also be positioned by using the right button of a pointing device (mouse).
Click and drag near the marker to be repositioned using the right mouse button. Release
the mouse button when the marker is positioned in the desired location. Note that you
do not need to click directly on top of a marker in order to select it. The marker nearest
your pick point will be selected.

Al b arkers

Horiz Markers

Werk Markers
v Mo Markerz

Figure 4.51 Markers Pull-down Menu
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Zoom selection under Screen options allows the selection of zooming only the
x-axis or both the x- and y-axes when utilizing the Zoom In/Out feature described
in Section 2.6.

£oom 3 v Loom ¥ Az Only
Qverlays ¥ Zoom® 7 Axes

Figure 4.52 Zoom Pull-down Menu

The Zoom In/ZoomOut feature is activated using the left button of a pointing device (mouse).
To Zoom In, click and drag using the left mouse button until the area to be enlarged is high
lighted. This can be done repeatedly until the desired magnification is achieved. To Zoom Out,
double click the left mouse button. Double-clicking will zoom out one level each time. If the

user
has zoomed in three times, it will take three double-clicks to return to normal view.

Overlays selection is available on the JITTER, TIME DIGITIZER, OSCILLOSCOPE,

FUNCTION ANALYSIS and dataCOM panels. This feature gives the user the option of
displaying up to 10 measurements, or sets of measurements, on top of each other for
comparison.

v Shaow Grd
M arkers

= oo o = g Iea = b=

Figure 4.53 Overlays Pull-down Menu
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44 PLOT

This feature is applicable to the the dataCOM panel, the Eye Histogram panel and, when the
Tail-fit option is selected, the Histogram panel.

* DCD + DDJ Histogram - Displays a histogram of the data dependant jitter.

* All Measurements Histogram - Displays a composite histogram of the normalized
raw jitter readings.

e Bathtub curve - Displays bit error probability vs. Unit interval.
* 1-Sigma vs. Unit Interval - Plots 1-Sigma vs. Unit Interval.
* FFT - Fast Fourier Transform of Autocorrelation Function.

* Unit Intervals Distribution - Displays events vs Unit Interval.

v DCO+DD Histogram v Hiztogram
All Meazurements Hiztogram Bathtub Curve
Bathtub Curve
'IFi:ETlgma vz, Unit Interval Eye Histogram and
Ul Distibution Spectrum Plot Options
dataCOM Plot Options

Figure 4.54 Plot Options

See Section 6.1 for examples of Plot option graphs.
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SECTION 5 — DEFAULT SETTINGS: STARTUP (TUTORIAL)

The following section will present the user with a step by step procedure for changing
specific parameter configurations for the Statistics and Histogram windows and then
performing a measurement.

5.0 VIRTUAL INSTRUMENTS DEFAULT CONFIGURATION

Virtual Instruments defines the initial defaults as:

* Function: PER * Window Filter: Off

e Channel: 1 » Start Arming Count: 1
» Start Voltage: From pulse find » Stop Arming Count: 2
» Stop Voltage: From pulse find « Arm 1 Voltage: 0.0

» Sample Size: 500 « Arm 1 Edge: Rising

* Arming: Auto trigger on stop  Arm 2 Voltage: 0.0

* Pulse Find %: 50%-50% « Arm 2 Edge: Rising

* Arming Mode: Auto * Gate: Off

« Start Ext. Arm: Arm 1 OTHER SETTINGS

o Stop Ext. Arm: Arm 1 * Cycling: Single

* Band Pass filter: Off » Scaling: Auto

The examples in this section will list only those parameters that are changed from the
default settings. The two (2) examples given are a tutorial which will guide the user
through each step to set the instrument up to operate with minimal parameter changes.
Each example starts by selecting a panel from the WINDOW pull-down menu.

The Statistics and Histogram examples will utilize the 200 megahertz calibration signal
used to externally calibrate the instrument as the input signal.

Connect the instrument as follows:

e CAL1 to Channel 1
e CAL2 to Channel 2
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5.1 STATISTICS TUTORIAL

Select Statistics from the Window pull-down menu. The Statistics panel will be displayed
without any data in the window (See Fig 5.0).

e Dotoes QTE
gtatistical Summazy

= Tims Heasuremsntes - = D Voltages =
Feriod 0. 00d0ps Vstart 0.000
Hazximam 0. 000ps Vstop 0,000
Hinimum o.000pe
Faak-FPealk 4. 000p= Chani Chan2
1-gigma 0. 000ps Vp-p Q.000 -
SAampleas L] Wmas 0.000 ===
Duty Cycle 0.0% ymin 0.000 @ =====

Figure 5.0 Statistics Panel

Click the mouse on the DTS selection of the menu bar.

Select Pulse Find and the pop-up window will appear (See Fig. 5.1):
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Figure 5.1 Pulse Find Menu

¢ Check that the Pulse Find Mode is set to PEAK.

* Click on Find Pulses — The Peak to Peak, Max and Min voltage values will be
found and displayed.

* Click the mouse on OK to return to the Statistics panel.

Click the mouse on GO and the measured data statistics will be displayed. To verify these
values are correct, compare these values with those on the front panel of the instrument.
If verification fails, start this section over.

If the values are correct, the instrument is connected properly with the host computer and
further measurements can be taken.

NOTE: If the instrument is powered down or a CLEAR is performed from the front
panel menu, use the CONNECT button to reestablish communications.
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To automatically perform a Pulse Find before each measurement:
* Seclect Options from the menu bar and dialog window will be displayed.
» Toggle the Automatic Pulse Find selection from OFF to ON (See Fig. 5.2).

Statistics Option |

Automatic Pulse Find

ok |

Figure 5.2 Statistics Options Dialog Window

* Click OK to exit dialog window.

* Click GO to initiate measurement and view voltage values on the Statistics panel.
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HISTOGRAM TUTORIAL

The Histogram panel displays a histogram of the individual samples taken in a single burst.
The histogram may be drawn in one of three styles: straight line point-to-point between bin
centers, stepped to show each bin or as triangles with a line to each peak on each bin center.

The data displayed can be presented in one of three sequences:

* Normal - The data of each burst presented by itself.

* Accumulate - The new data at each bin is added to the previous data at that bin.
* Overlay - The maximum data measured at a bin, cumulatively, is presented.

The Histogram panel includes the Latest and Overall statistics which are displayed at the
bottom of the panel (See Fig. 5.3).
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Figure 5.3 Histogram Window

Select Options on the menu bar and ensure the Histogram options are:

Graph style = Triangle and Update mode = Normal (See Fig. 5.4).
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Hiztogram Options |

Graph Style ITriangIﬂ =]

Update Mode INurmaI j

[T Calculate DJ and BJ from Tail-fit

Figure 5.4 Histogram Option Dialog Window

Click mouse on OK to return to the Histogram panel.

Click on GO. A measurement will be taken and the data plotted. Also, the statistics of
that measurement will be displayed at the bottom of the panel.

Using GO, repeat the measurement a few times and the overall statistics will start to be
different from the latest statistics.

* Graph Plotting Style

Click Options on the menu bar and select the different graph styles, Stepped, Straight
and Triangle, taking measurements using each to become familiar with the different results.
(See Fig. 5.5.)

Histogram Options |
Graph Style Triangle j
Stepped
Update Mode | Straight

[C Calculate DJ and BJ from Tailfit

Figure 5.5 Histogram Graph Styles
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Update Mode

Click on Options on the menu bar and click Accumulate under the Update
mode selection.

Hiztogram Options |
Graph Style ITriangIﬂ =]
Update Mode Mormal j

[C Calculate DJ and

Accumulate

|—Tail—fit Farameters Overlay |

Figure 5.6 Histogram Update Mode

Click OK to return to the Histogram panel.

Using GO, take a few measurements and watch the highest vertical scale number get
larger. With the Accumulate option, the value, at each time measurement, is added to
the previous accumulated value at that time and the result is plotted.

Click on the RESET button. Click on GO to take a measurement. Notice, because
autoscale is selected as default, the graph scaling is reset as well as the overall statistics
at the bottom of the panel.

Click on Options and select Overlay. Click OK and return to the Histogram panel.

Take a few measurements in the Overlay mode and observe how the graph expands
vertically only if the data, at a particular time bin, is greater than previous measurements.
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SECTION 6 — PANEL DESCRIPTIONS AND EXAMPLES

6.0

The following section will present specific panel configurations that will display relative graphs of
measurement acquisitions demonstrating how Virtual Instruments can analyze real-world situations.

Each example will:
e Identify the measurement purpose
e Identify the panel parameters that are different from the default settings

e Show the resultant graph

PANEL DESCRIPTIONS
STROBING DIGITAL VOLTMETER (OSCILLOSCOPE)

The DTS has a Macro GPIB statement enabling the user to set the starting time, stopping time,
and scan resolution for the programmable delay used in conjunction with the built-in strobing
digital voltmeter, SDVM. When this statement is executed, the DTS takes voltage measurements
at the times specified and stores all of the voltage data points within the DTS memory. The DTS
then calculates statistics on the voltage points measured. The Middle voltage of all the points is
calculated, the MAX and MIN voltages are found and the root mean square, r.m.s., of the volt
age points is also calculated.

The statistics are then passed to the Virtual Instruments software along with each of the data points.
All of the measurements taken are displayed in the OSCILLOSCOPE window in Virtual Instru-
ments, see Figure 6.10. The graphic display in Figure 6.20 is showing both channel outputs of an
HP8110A data generator on a color screen with each channel being displayed in a different color.
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Figure 6.0 Strobing Oscilloscope
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Virtual Instruments automatically scales the vertical voltage resolution to fit the pulse
amplitude on the screen. The Horizontal scale is set by the user by entering the starting
and ending times into the OPTION/OSCILLOSCOPE window. The starting time is
referenced to a positive or negative going signal on the External Arm input 1 or 2. This
Arming signal acts similar to a trigger pulse in an oscilloscope. The graphics display
software automatically sets the horizontal scale by taking the ending time minus the
starting time and dividing by 8 for the time between divisions.

At the bottom of the graphics printout in Figure 6.9 is a legend showing each channel’s
statistical information . This information is useful when the user is trying to find and define
glitches for glitch energy parameters of a pulse, how flat is the top or bottom of a pulse or
what is the average/Max/Min/StdDevof the VOH or VOL of a pulse.

Figures 6.13 and 6.14 show using the SDVM to improve the repeatability of determining
the VOH/VOL of a pulse with distortion or ringing on it’s high and low levels. This is
especially useful in tri-state testing where the VOHZ/VOLZ are specified as 0.3 volts
below/above the VOH/VOL levels respectively. Because the tri-state rise/fall times are
very slow, the TPHZ/TPLZ propagation delays are not repeatable if the VOH/ VOL
levels are not stable. The SDVM, time window feature reduces the testing guardband
required by the manufacturer for the specifications on devices of this nature. See Section
3.1, Oscilloscope Panel, for strobe arming information.
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HISTOGRAM ANALYSIS

The DTS, when measuring time using it’s Time Measurement Unit, acts like a one-shot time
domain spectrum analyzer. When the user Auto Arms and does a measurement burst of some
number of time measurements, lets say 1000, the DTS measures the function specified by the
user occurring on the channel(s) and displays the results as multiple jitter histograms. See
Figure 6.18 for an example of many different jitter histograms occurring on the same channel
during the time the DTS was executing a burst of measurements.
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Figure 6.1 Histogram Panel

The legend at the bottom of the graph indicates the average of all of the data displayed, the rms
jitter, or one standard deviation of the data displayed, the * peak jitter of the data displayed and
the Min. time measured and the Max. time measured during the burst. If the data filters (see
Section 4.2, DTS/FILTERS) are used to isolate one of the histograms in Figure 6.18, then the
legend at the bottom would only display the statistics for the filtered data as shown in the
histogram in Figure 6.20. The user can display all of the data taken by the DTS using the
histogram window: pulse width, TT+, TT-, TPD++, TPD—, TPD+-, TPD-+, period

and frequency.
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JITTER ANALYSIS

This feature of the DTS (See Figure 6.25) uses the ‘Arm on Nth event’ or ‘Arm on Count’
feature of the Arming circuitry to start a measurement at a count within a pulse stream and
stop the measurement at another point within the same pulse stream. (See Applications Note
115, “Arming the DTS” for details on how to use this feature.)
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Figure 6.2 Jitter Analysis Graph

For example, if we have a perfect square wave clock pulse with only 10ps rms jitter on the
period caused by electron noise only. The jitter on one period could measure 10ps and if the
user measured the jitter over a double or triple period, the user would still measure 10ps rms
jitter over many hundreds of periods. This occurrence is only true in very low phase noise
oscillators and is seldom the case with PLL’s used in noisy digital environments. Consequently,
the user must have tools to analyze and define phase jitter from multiple sources.

The Virtual Instruments jitter analysis window enables the user to scan a range of periods, or
other functions, to measure the jitter over the specified count delta and graphically display
the results. Figure 6.25 shows the range of 200 periods measured and the rms jitter measured
at each period. For example, in Figure 6.25, the user selected from 1 period to 200 periods to
measure the jitter. The burst count was set at 100 measurements and the GO button pressed.
The results are shown in Figure 6.25, 6.26 and 6.27. The legend at the bottom of the figure
shows the average rms jitter displayed, the + range and the min and max jitter measured.
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FUNCTION ANALYSIS

Function Analysis enables the user to view the measured value of the signal on either or both chan-
nels with respect to its cycle count starting from some trigger/arming point supplied by the pulse
generator, ATE system or circuit under test. Figures 6.29 through 6.35 demonstrates the information
available using this window.

For example, Function Analysis would be used to measure PLL frequency or period settling time
from the point where the change was initiated, see Figure 6.31 through 6.34. The stair step display
shows the time for that pulse cycle in the figures presented. In Figure 6.29, the HP 8§110A data
generator was programmed to generate a 20 MHz RZ clock pattern which repeated every 150
pulses. It can be seen that every other clock period toggles by as much as 150ps and that the first
two pulses after the generator pattern repeats, deviate even more. Consequently, the Function
Analysis window will help the user view any synchronous jitter pattern that may exist and also
view the cycle to cycle measurements within the pattern.

Function Analysis can also display measurements as a function of time by selecting that option in
the FUNCTION ANALYSIS/OPTION window. Also the user may want to view the derivative of
each consecutive measurement with respect to the last measurement. To do that, the user can select
DERIVATIVE in the FUNCTION ANALYSIS/OPTION window. At the bottom of the graph are
the function and jitter statistics for the displayed data.
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Figure 6.3 Function of Event Analysis

The Function Analysis window can be used in the AUTO ARM mode as well as in the EXTERNAL
ARM mode. In auto arm mode the data represents overall measurement variations or peak to peak,
while, in external arm mode, the data displayed will show cycle dependent

anomalies with respect to the external arm point.
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One of the main features of Virtual Instruments is its ability to view any of the measurement
functions using this window. For example, in the above examples period and frequency
were being viewed in this mode, but, pulse width, rise/fall times and the delay between
channels can also be viewed for these pattern dependent anomalies.

TIME DIGITIZER

The Time Digitizer enables the user to view a BURST of data taken by the DTS sequentially
with the first one-shot measurement taken being placed on the left side of the graph and the
last one-shot measurement taken being placed on the far right side of the graph. Each dot
represents a one-shot measurement within the burst and the dots are connected together with
lines to make pattern recognition easier for the user to see.
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Figure 6.4 Time Digitizer

TheTime Digitizer is useful for power up testing of PLL circuits, viewing low frequency

jitter problems both synchronously and asynchronously with either the AUTO ARM and
EXTERNAL ARM modes being enabled. As with all of the other Virtual Instruments
windows, Time Digitizer can be used with all of the DTS measurement functions. In

Figures 6.36 and 6.37, low frequency pattern problems are displayed using time digitizer.

In the examples, the duty cycle of the data varies depending on the pattern being transmitted
over the channel. By arming the DTS with the beginning of the data pattern, the exact location
of the anomalies can be detected. The DTS can look out up to 300ms in time using the Time
Digitizer window.
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dataCOM

ThedataCOM features of Virtual Instruments are best illustrated in Figures 6.38 through
6.45. For these examples, a fibre channel data pattern has been simulated and inputted to
the DTS. When using the Data Com panel, the same measurement data can be analyzed
using all Plot features: DCD + DDJ Histogram, All Measurements Histogram, Bathtub
Curve, 1-Sigma vs. Unit Interval, FFT and Unit Interval Distrubution. The same data
“snapshot” is used when plotting across all dataCOM window features.
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Figure 6.5 dataCOM - Deterministic Jitter Histogram
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EYE HISTOGRAM

The Eye Histrogram provides a tool for creating a Histogram of readings when a bit clock is
available. A Tail-fit algorithm may then be applied to provide Random Jitter and Deterministic
Jitter estimates.

In theory, the tail-part of a histogram distribution reflects the random jitter process. Physically,
random jitter is due to the random motion of particles within a device or transmission medium.
The random velocity of these particles in an equilibrium state is best described as a Gaussian
distribution. Therefore, random jitter is naturally modeled by a Gaussian function. Since multi-
temperature particle distribution is possible, a multi-Gaussian distribution function may be
needed to model certain random jitter processes.

Based on their definitions, deterministic jitter (DJ) is bounded and random jitter (RJ) is un-
bounded. The measured total jitter histogram represents the scaled-up, total jitter probability
distribution function (PDF). On the other hand, the convolution of RJ PDF with DJ PDF gives
the total PDF if DJ and RJ processes are independent. In most cases, such an assumption is valid.
Therefore the tail part of the distribution is mostly determined by the random jitter, which, in
general, has a Gaussian-type distribution. The random noise can be quantified by the standard
deviation (or 1 0 rms value) of the Gaussian distribution. Depending on the error coverage
range, the total RJ can be a multiple of the 0, determined from the Gaussian distribution.

In the absence of DJ, a histogram of the jitter should roughly be a Gaussian distribution. Under
this condition, there is only one peak in the distribution which corresponds to zero DJ. The rms
RJ is the o value. When both DJ and RJ are present, the measured jitter distribution will be
broadened and non-Gaussian as a whole. On the other hand, both ends of the distribution should
retain Gaussian-type components. These tail component distributions can be used to determine
the RJ number. Because of the DJ, the mean of each tail is no longer the same and multi-peaks
can be present in the histogram.

If there is no bias or statistical sampling noise in the measurement, the two tails, which represent
the random process, should be symmetrical. Since it is not possible to completely randomize mea-
surements and reduce the sampling noise to zero, the o values for the far left and right Gaussian
tails may not be the same. The total RJ value should be the average of these two.

A fitting algorithm that weights the data record based on the quality of each datum should be used.
The bigger the error, the smaller role it should play in minimizing the difference between the
model’s expected and measured values. Thus, goodness-of-fit is used as a gauge to determine how
“good” the fit is. The fitting function is Gaussian and the fitting algorithm is nonlinear so it can
handle both linear and non-linear fitting functions.

The modified least-square fitting is an iterating process, in contrast to linear equation solving in
the case of linear least-squared fitting. The final answer is obtained when the iteration converges.
For this reason, initial values of the fitting parameters are needed.
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Figure 6.6 Eye Histogram

To use the Histogram Tail-Fit feature, connect a data signal to Channel 1 of the DTS and the
bit clock to Channel 2. Open the VI Histogram Window, select TPD-++ as the function type
and take a sample to determine where the distributions are grouped based on the particular
signal being analyzed. Assuming a data pattern is being used, there should be a number of
distinct distributions resulting from the various spans in the pattern. Determine the approxi-
mate position midway between the rightmost distribution and it’s nearest neighbor to the left.
Use the DTS filter function to remove all but the rightmost distribution. Take an additional
sample to verify that this is the case. Set the Sample Size to 32,000 and enable the tail-fit
calculation.

The standard tail-fit method will not return a result until a number of statistical checks are
achieved. Therefore it is suggested that the CYCLE button is used along with the “Stop
Cycle on Success” option. In this manner data is collected until the criteria is met, and then
an answer is returned and the data acquisition halted.

When a tail-fit is successfully completed the calculated tail-fits are plotted on top of the raw
histogram, and values for the Deterministic Jitter, Random Jitter, Chi-square goodness of fit,
and Total Jitter are displayed (See Figure 6.6). You can also view the resulting Bathtub Plot
which is based on the PDF of the raw histogram with extrapolated tails calculated from the
tail-fit (See Figure 6.7). The Total Jitter is extracted directly from the Bathtub Plot. Note: For
Histogram panel only - The Total jitter Specification (UI) that is used for this calculation is
User Defined, make sure that reasonable values are assigned for this as well as the Bit Error
Probability.
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Figure 6.7 Eye Histogram - Bathtub Curve

The default tail-fit employs statistical criteria in order to insure that only quality results are
returned. It is, therefore, open-ended in nature. This is suitable for initial characterization, how-
ever, it does not lend itself to a production environment. Therefore, a “forced-fit” is also pro-
vided in which the number of hits is specified and a single tail-fit is subsequently performed.
This option should only be used after initial characterization has been performed and the mini-
mum number of hits required to produce a repeatable tail-fit has been determined.

The Histogram Tail-fit has been designed to be a general purpose tool and can be used on all
dual channel measurements, as well as single channel measurements such as period. The general
procedure in all cases remains the same as outlined above.

The Eye Histogram will automate this process on data patterns where a bit clock is available.
Essentially all initial steps involved in filtering the data is done for you. Samples for both rising
and falling edges are also overlaid on top of each other. The Bit Clock also has a tail-fit per-
formed on it which causes an additional delay to occur only on the first pass.
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TIME HISTORY (SERIES) STRIP CHART

Figure 6.48 displays time and frequency data in a horizontal format with the most vertical

data being the highest one-shot measurement of jitter taken and the lowest line being the

most negative one-shot measurement of jitter made. The line in the middle is the measurement
AVERAGE of all the data taken by the DTS.

The user can select to view the AVERAGE of the measurements and/or the AVERAGE
plus the rms Jitter or the * peak jitter. This is selected in the TIME SERIES/OPTION window.
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Figure 6.8 Time Series Strip Chart

The “Elapsed Seconds” displayed on the horizontal scale indicates the time over which the

burst results are graphically being displayed. In all, the data for up to 500 bursts are displayed
across the screen. The Elapsed Time for those 500 bursts depends on the time entered

into “Sample Spacing (sec)”, which is in the TIME SERIES/OPTION window. When the user
selects “Cycle” from the Tool Bar, the display will continuously move from right to left with the
“Elapsed Seconds” time stamping the burst data being displayed within the graph. See Section 4.1,
Time Series Panel/Options, for information on Allan Variance.
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6.1 EXAMPLES — SPECIFIC MEASUREMENT FUNCTIONS

The following are a group of examples that show how Virtual Instruments can be used to
provide the measurement information in a way specific to that need. These examples are
presented with the thought that the user has worked through the tutorials of Section 5.0.
Only the parameters different from Virtual Instruments defaults will be listed.

e OSCILLOSCOPE DATA vs. CLOCK
(Refer to Figure 6.9)

bl

This is a view of Data on Channel 1 and Clock on Channel 2 for an “Eye Pattern”.

e Channel................... Both

e Start ... 10 ns
o StOP .oovviiiiiie 60 ns
e Increment ................ 0.5 ns
o Trigger ....ccooeeeeeeeen... ARM1

» Trigger Voltage ........ Rising
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Figure 6.9 Oscilloscope Data vs. Clock
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e OSCILLOSCOPE OF TPD++
(Refer to Figure 6.10)

Oscilloscope software autoscales the vertical axis.

e Channel ..........cccceovi.. Both
e Start ... 20 ns
o StOP v 60 ns
e Increment......c........c....... 0.2 ns
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» Trigger Voltage.............. Rising
B Dotirs D76 Gowm
ﬂmillnmup-
W e i Hire1
A P i : - h ! i i
: . e B g
1
: [N T
:
| — | Y i |
=i, efig -0l 1
=i, Tig -1
Eb. i A E_d .0 Sk B £1 M
TR i
Clekis Pi-Fk Bdlwor B i B T B i Pl e T,
1 1, 0077 o, FE1F =0, SiGh =0, 0027 0, 41as
z A OGS 0, 5z =0, 5373 =0, Dk 0, 4121

Figure 6.10 Oscilloscope of TPD++

Statistics at the bottom of the graph indicate the Peak to Peak, Maximum, Minimum,
Middle and r.m.s. voltages on each channel.
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OSCILLOSCOPE OF TPD++ (CHANNEL 2 POSITIVE OFFSET)

(Refer to Figure 6.11)

Same as 6.24, except Channel 2 was offset +100 mV.

e Channel .........cc.ouuue. Both

o Start o 20 ns
o StOP . 60 ns
* Increment...................... 0.5 ns
o Trigger.....ccocovvvveeveeennnne. ARM1
» Trigger Voltage.............. Rising
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Figure 6.11 Oscilloscope of TPD++ (Channel 2 Positive Offset)
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e OSCILLOSCOPE OF TPD++ (CHANNEL 2 NEGATIVE OFFSET)
(Refer to Figure 6.12)

Same as 6.10 & 6.11 except Channel 2 was offset -100 mV.

e Channel .........cc.ouvue. Both

o Start o 20 ns
o StOP v 60 ns
* Increment...................... 0.5 ns
o Trigger.....cccccvvvvevveeennnne. ARM1
» Trigger Voltage.............. Rising
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Orol Ll nanngs
L P R LTEe]
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Figure 6.12 Oscilloscope of TPD++(Channel 2 Negative Offset)
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e OSCILLOSCOPE OF VOH
(Refer to Figure 6.13)

Same signal as Channel 1 (Data).

e Channel ...........oouvveeee. 1

o Start o 30 ns
o StOP . 40 ns
* Increment...................... 5 ps
o Trigger.....cccocvvvvevveennnnne, ARM1
» Trigger Voltage.............. Rising
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1 0, nF6H 0, 522 0, 8753 0, aEHE 0, DTH

Figure 6.13 Oscilloscope of VOH
Statistics at bottom of graph display the VOH of the “Data” pulse with the peak to

peak voltages along with the “mean” VOH. This is useful for determining the
actual 100% point for percentage based rise & fall time measurements.
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e OSCILLOSCOPE OF VOL
(Refer to Figure 6.14)

Same as 6.13.

e Channel ..........c.ooveeee. 1

o Start o 49 ns
o StOP . 64 ns
* Increment...................... 10 ps
o Trigger.....cccocvvvvevveennnnne ARM1
» Trigger Voltage.............. Rising
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Figure 6.14 Oscilloscope of VOL

Statistics are for the VOL of the “Data” pulse on Channel 1.
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OSCILLOSCOPE FFT

(Refer to Figure 6.15)

e Channel .............ooooeeiiinn. 2

o Start ... 10 ns

¢ StOP v 50 ns

e Increment.............coeeeennnnnn. 0.5 Ns

o Trigger.....ccoeveeeeieiiiiiiieinne, ARM1

» Trigger Voltage.................... Rising

» Fast Fourier Transform ...... Enabled
FFT Window ..................... Kaiser
Padding ..............cooeeeis 16
Alpha ... 6
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Figure 6.15 Oscilloscope Fast Fourier Transform

Figure 6.14 displays the FFT of the CAL1 200Mhz signal. In addition to the main

200Mhz lobe, the second harmonic frequency can be seen at 600MHz.
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e HISTOGRAM ANALYSIS WITH STEPPED PERIODS (OVERLAY)
(Refer to Figure 6.16)

e Function ............. Period
e Channel.............. 1
* Update Mode ..... Overlay
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Figure 6.16 Histogram Analysis with Stepped Periods (Overlay)

The signal being measured has each succeeding period increase by 100 picoseconds.
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HISTOGRAM ANALYSIS (ACCUMULATIVE)
(Refer to Figure 6.17)

* Function........................ Period

e Channel ..........c.oouveee. 1

* Update Mode ................ Accumulate

e Cycle.iiiiiiiiiiiii Repeat (30 seconds)
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Figure 6.17 Histogram Analysis (Accumulative)
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e HISTOGRAM ANALYSIS WITH RANDOM PERIODS (AUTO SCALE)
(Refer to Figure 6.18)

Auto scaling enables the user to see all the events measured by the DTS. The Event on
the vertical axis is equivalent to how often that period occurs on that channel.

e Function................... Period
e Channel ................... 2
e Sample Size ............ 7000

Bl Cotioe TG Goessn
EiaLagiam
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A i Ch i
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El tog
1
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L
ik 1 Ei2 (= | T4 4. ¥ ak. &
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Hr T-5ipma PR - Tax= irram Mumerram Samplcw HFarwry
Latest 6.1 ii.F by 5.4 157 iy
Ereerall L] T TR L 3.3 T i

Figure 6.18 Histogram Analysis with Random Periods (Auto Scale)

The random data pattern is a PRBS 2n”7 with a 20 ns period, RZ, 50% duty cycle.
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e HISTOGRAM ANALYSIS WITH RANDOM PERIODS (FIXED SCALE)
(Refer to Figure 6.19)

The Fixed Scaling feature enables the user to get a closer look at particular distributions
in the pattern.

 Function................... Period
e Channel................... 2
e Sample Size ............ 7000
e Scaling..................... Fixed, Upper Limit = 25 ns, Lower Limit = 10 ns,
iliviap sim HEEBE
Fle Dotiors TG Gowssn
Hial gt am
" aw ! ",::
- |
Heam  1-Sigma FPR-FRE  Maximam Mimtmsm  Seeglos WParsow
Latest . ¥ il.8 il ¥ 534 132 g
varall E . L. T ] L5 113 T i

Figure 6.19 Histogram Analysis with Random Periods (Fixed Scale)

Section 6 | Examples | 99



e HISTOGRAM ANALYSIS WITH RANDOM PERIODS (FILTERING)
(Refer to Figure 6.20)

Using the Digital Filter features of the DTS, the user can now get a better look at the statistics
and distribution shape of the data period out at 46 ns £ 1 ns. With the filters, specific data can be
isolated to measure jitter accurately.

* Sample Size ............ 7000
e Cycle oo Repeat
* Update Mode............ Accumulate Mode

Fle Cpriors [T6 Gows
e
. Ilm)l .l .Il |=||. i
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Boam  1-Sigma PR-FE Maxirem  Mimimem  Seeglos HPssecw
Latest 467168 197 el 46862 4ETNE.L 1918
Sverall  AETTE.@ T bl dEEDE.F  dETHE.1 L] i

Figure 6.20 Histogram Analysis with Random Periods (Filtering)

The statistics at the bottom of the graph reflect only the 46 ns period.
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e HISTOGRAM ANALYSIS WITH RANDOM PERIODS (FILTERING)
(Refer to Figure 6.21)

Same as 6.19 & 6.20, except the filters are set to 33 ns £ 1 ns to look at the 33 ns distribution.
We see here that at 33 ns, due to the random pattern, the period of the data is bimodal.

* Sample Size ............ 7000

e Cycle ....oovvvvvee Repeat

* Update Mode............ Accumulate
o Filters........cccccce. ON
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Figure 6.21 Histogram Analysis with Random Periods (Filtering)
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e HISTOGRAM ANALYSIS WITH RANDOM PERIODS (FILTERING)
(Refer to Figure 6.22)

Same as 6.19 & 6.20, except the filter is set at 26 ns £ 1 ns to look at the 26 ns data cell.

* Sample Size ............ 7000
e Cycle ..o Repeat
* Update Mode............ Accumulate
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Figure 6.22 Histogram Analysis with Random Periods (Filtering)
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HISTOGRAM ANALYSIS TPD++ DATA vs. CLOCK
(Refer to Figure 6.23)

See TPD++ data to clock setup time of 9115 ps = 106 ps. Also notice a bimodal distribution.
» Data signal connected to CH1 and Clock connected to CH2.

e Function..........cccceee. TPD++
» Arming Sequence ....... Start First
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Figure 6.23 Histogram Analysis TPD++ Data vs. Clock
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e HISTOGRAM ANALYSIS TPD-+ DATA vs. CLOCK
(Refer to Figure 6.24)

Same as 6.23, but TPD-+ is centered at 9198 ps £129 ps.

e Function..........cccceeee. TPD-+
» Arming Sequence ....... Start First
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Figure 6.24 Histogram Analysis TPD -+ Data vs. Clock
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o JITTER ANALYSIS - (200 EVENTS)

(Refer to Figure 6.25)

The Jitter Analysis plots display the low frequency jitter content of the function being
measured, i.e., Period, Pulse Width, Propagation Delay, etc. This plot can be run
synchronous or asynchronous by turning the arming mode from EXT to AUTO.

* Function........................ PER e Channel....................... 2
» Sample Size................. 100 * Arming Mode ................ External
* Arming Input.................. ARM2 * Display.......cccovvviiinnnn. OFF
o StartEvent .................... 2 o« StopEvent.................. 200
Fe¢ Ootkes [F5 Gowsn
I-¥igma ar & Fenciies o Bvent
1%e a= FR-Fi Ha=urram Hurarrm iFarsry
1-5igna Al S 3. %35 ET.Ti% .804

Figure 6.25 Jitter Analysis (200 Events)

Signal on Channel 2 is a random data pattern with a base period of 20 ns. The “jitter
analysis” was done with EXT ARM “ON” so all the jitter measurements started at
the beginning of a 300 address long data pattern. The displayed jitter is synchronous

to the device.
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o JITTER ANALYSIS - (42 EVENTS)

(Refer to Figure 6.26)
Same as 6.25.
* Function........................ PER
e Channel ..........c.ooeveee. 2
» Sample Size................. 100
* Arming Mode................. External
* Arming Input.................. ARM2
* Display ......ccceevvevieeennne. OFF
o StartEvent .................... 2
o StopEvent .................... 42
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Figure 6.26 Jitter Analysis (42 Events)

This graph magnifies the first 42 pulses of 6.25 for a better view.
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JITTER ANALYSIS
(Refer to Figure 6.27)

* Function
Channel
Sample Size
Arming Mode
Display
Start Event
Stop Event
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Figure 6.27 Jitter Analysis

This graph shows the reoccurring pattern as a function of jitter. This is the same
signal as in 6.25. By Auto Arming, the user gets an asynchronous view not seen

when synchronizing.
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e JITTER ANALYSIS - Fast Fourier Transform

(Refer to Figure 6.28)

 Function........................ PER

e Channel ........................ 2

e Sample Size................. 100

* Arming Mode................. Automatic
* Display ......cccevvveeieeennnnn. OFF

o StartEvent .................... 2

e StopEvent .................... 200

Fast Fourier Transform . Enabled
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Figure 6.28 Jitter Analysis - Fast Fourier Transform

This graph shows the FFT of the signal in Figure 6.27.
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FUNCTION ANALYSIS - PERIOD AS A FUNCTION OF EVENT
(Refer to Figure 6.29)

e Function
Channel

Arm EXT

Sample Size.................
Stop Event
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Figure 6.29 Function Analysis - Period as a Function of Event

The pattern repeats itself every 150 pulses. The ARMI1 input has a start pulse at the
beginning of the pattern.

The “Period vs. Event” display shows that the first 2 periods after the pattern restarts
are skewed by + 20 ps more than all of the other 148 pulses.
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* FUNCTION ANALYSIS - PERIOD AS A FUNCTION OF EVENT (DERIVATIVE)
(Refer to Figure 6.30)

Same as 6.29, except derivative display was selected.
This graph shows the additional + 20 ps that the period of the patterns are skewed.

* Function........................ PER
e Channel ........................ 2

o Sample Size.................. 100
o StopEvent ................... 200

o AmEXT ..o ARM1
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Figure 6.30 Function Analysis - Period as a Function of Event(Derivative)

The Peak to Peak jitter of from around +66.4ps to around -102.1ps represents about a
168.5ps Peak to Peak nominal jitter variance on the signal on Channel 2.
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FUNCTION ANALYSIS — FREQUENCY AS A FUNCTION OF EVENT
(Refer to Figure 6.31)

e Function ...............oue.. FREQ
e Channel ........................ 2

o Sample Size................. 100

o StopEvent .................. 50
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Figure 6.31 Function Analysis - Frequency as a Function of Event

This graph shows the signal on Channel 2 skewing from about 2 MHz to 38 MHz and
then back to 2 Mhz. The stair step display represents each pulse/cycle of the signal
after the Arm inputs arm the DTS. The “event” represents the actual pulse/cycle
position after the Arm.
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e FUNCTION ANALYSIS — FREQUENCY AS A FUNCTION OF TIME
(Refer to Figure 6.32)

Same as 6.31.

e Function ..........ccooeiii. FREQ
e Channel ..........ccoo. 2
» Sample Size................. 100
o StopEvent ................... 50
« Arm EXT ARM1
* Arm Sequence .............. Start first
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Figure 6.32 Function Analysis - Frequency as a Function of Time

This graph shows the same exact signal shown in 6.30, except the time deviation from
ARM1 is displayed on the horizontal axis. The stair step display is showing how long
the cycle is at that frequency.
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e FUNCTION ANALYSIS — FREQUENCY AS A FUNCTION OF TIME
(DERIVATIVE) (Refer to Figure 6.33)

Same as 6.32.
e Function .................. FREQ
* Channel ................... 2
* Sample Size............. 100
o Stop Event .............. 50
o AMEXT ... ARM1
* Arm Sequence ......... Start first
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Figure 6.33 Function Analysis - Frequency as a Function of Time (Derivative)

This graph shows the “derivative” of the signal in Figure 6.32.
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FUNCTION ANALYSIS - FREQUENCY AS A FUNCTION OF TIME
(FIRST DERIVATIVE) (Refer to Figure 6.34)

Same as 6.33.
e Function........................ FREQ
e Channel ........................ 2
e Sample Size................. 100
e StopEvent .................... 13
o ArmEXT ....ccvvvviiiiiinneee, ARM1
* Arm Sequence .............. Start first
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Figure 6.34 Frequency as a Function of Time (First Derivative)

Enlarges view of Figure 6.33, showing the first frequency derivative.
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FUNCTION ANALYSIS - FAST FOURIER TRANSFORM

(Refer to Figure 6.35)

The signal in this example is a IMHz fundamental carrier sine wave modulated with a
30kHz sine wave. The deviation of modulation is 20kHz.

e Function ........................ PER

e Channel ........................ 2

* Sample Size................. 100

o StopEvent ................... 250

o ArmEXT ..o, ARM2

» Fast Fourier Transform . Enabled
FFT Window ................ Kaiser
Padding ....................... 16
Alpha ... 6
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Figure 6.35 Function Analysis - Fast Fourier Transform

This graph shows the 30kHz modulating frequency as the central peak.
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o TIME DIGITIZER - Elapsed Time

(Refer to Figure 6.36)
* Function ........cccceevvneeee. PER
* Channel ..........c.oooeeee. 2
o Sample Size.................. 1000
* Arming Sequence ......... Arm on Start
* Arming Mode................. External
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Figure 6.36 Time Digitizer - Elapsed Time
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TIME DIGITIZER - Fast Fourier Transform

(Refer to Figure 6.37)
* Function........................ PER
e Channel ..........cooovveee. 2
* Sample Size................. 1000
* Arming Sequence ......... Arm on Start First
* Arming Mode................. External
» Gating with ARM2 ......... ON
 ARM2 Voltage ............... Rising
» Fast Fourier Transform . Enabled
FFT Window................. Kaiser
Padding ....................... 16
Alpha ... 6
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Figure 6.37 Time Digitizer - Fast Fourier Transform
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e dataCOM

(Refer to Figures 6.38 through 6.45)
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Figure 6.38 dataCOM Plot - Oscilloscope Display of Input
Signals on Channel 1 and 2.

The input signal to Channels 1 and 2 is from a Fibre’ Channel pattern generator. The
signal is a K28.5 pattern with differential outputs connected to the two inputs of the
DTS-2075™. The trigger for the display is coming from the pattern generator’s pattern
marker signal. That signal is going to the ARMI input of the DTS and acts as a trigger
for the oscilloscope function. The signals on the channels were £0.25 volts in amplitude.
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Figure 6.39 dataCOM Plot — Unit Intervals Distribution

The Unit Intervals Distribution plot in Figure 6.39 is showing all measurement data taken of
the Fibre’ Channel serial data signal on Channel 1.

Notice the legend “1 Ul =941.192 (ps).” This Unit Interval number is directly measured by
the system. Accuracy of the Unit Interval is important because it is used in the calculations to
separate the Total Jitter into its various components. As long as the correct pattern was
selected, this value can be accurately measured.

If you were to zoom in on a very narrow region of the Unit Interval Distribution you would
see a graph similar to the one in Figure 6.40 which is displaying the jitter distribution for a
single edge.
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Figure 6.40 Zoomed dataCOM Plot — Unit Intervals Distribution

Figure 6.40 graphically displays the jitter distribution for a single edge. The leftmost vertical
line represents its earliest occurrence while the rightmost vertical line represents its latest
occurrence. The middle vertical line represents its mean occurrence. The edge occurrence
information can be compared with theoretical edge positions based on the Unit Interval to
isolate the jitter into various components.

In the legend at the bottom of each plot, components of the jitter spectrum are reported and
summed to arrive at a TOTAL JITTER number. All values in the legend are shown in the
units (UI or Time) selected in the Digplay Options window. The Total Jitter number is
derived directly from the Bathtub Curve based on the Bit Error Probability specified in the
Display Options window. The method used to construct a Probability Density Function and
extract Total Jitter is based on Appendix A of the ANSI T11.2 Jitter Methods Document.
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The DCD+DDJ number comes from the maximum deviation of mean edge positions from their
theoretical positions. The distributions of the data shown in Figure 6.40 around their mean
edge positions is the result of the Periodic Jitter (PJ) and the Random Jitter (RJ). The PJ
component is the measured “peak-peak”™ spectral component computed from an FFT of the
variance data (shown in Figure 6.44). The RJ component is calculated using the RMS sum of
each frequency bin between the RJ Fmax and Fmin frequencies. This technique is called the
“Blackman-Tukey” algorithm for power spectral analysis and has been well documented in
other text.
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Figure 6.41 dataCOM Plot — DCD + DDJ Jitter Histogram
The Data Com “DCD + DDJ Jitter Histogram™ panel in Figure 6.41 is displaying the “nor-

malized accumulation” of all the DCD + DDJ measurements taken during the run shown in
Figure 6.40. The width of this plot is normalized to one Unit Interval of the data period.
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When using Auto-arming or Random Modes, it is also possible to include the other jitter
components in this graph using an All Measurements Jitter Histogram by selecting the
option from the Plot window. Reasonable results for DCD+DDJ can be expected when
using either Auto-arming or Random Modes. However, extremely accurate results can be
expected if an external pattern marker is available. When an external marker is being used,
this plot is replaced by a DCD+DDJ vs. Unit Interval plot which also offers the ability to
apply a High or Low Pass Filter to simulate the frequency response of the target receiver.
When this option is enabled in the Digplay Options window, an overlay of the resulting
filtered response is provided, and the calculated DCD+DDJ value reflects the High Pass
Filtered value (See Figure 6.42). This option is especially useful in conjunction with the
longer patterns such as CITPAT which is specifically designed for this purpose.
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Figure 6.42 dataCOM - Filtered

In this series of figures, the Overlay switch was set to One Overlay so we are able to
compare two different data runs. In this case, one with a 100kHz sinusoidal periodic
line added and one without the sinusoidal line. (Note that overlays are only available
in dataCOM if a single measurement type [PER+, PER-, PW+, or PW-] is selected.)
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Figure 6.43 dataCOM Plot — Bathtub Curve

In the Bathtub Curve plot shown in figure 6.43, we see the “Error Probability” of a data or
clock signal with the jitter characteristic measurements displayed in the legend at the bottom
of the plot. As with figure 6.41, the plot is normalized to one Ul. The space between the
curved lines, at the error probability of interest, indicates the “Eye opening”.

For example, an “Error Probability” of 106'12 for a Fibre’ Channel link running at
1.0625Gbit/Sec would be an error free data run of about 1000 Seconds. An Error Probability
of 105! would be a third of a year for the same network. By measuring the Deterministic
and Random jitter components of the network, it is possible to estimate the network’s reli-
ability without having to test it for that length of time.
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Figure 6.44 dataCOM Plot — Autocorrelation Function

Figure 6.44 is showing the 1-Sigma vs. Unit Interval plot, which is the distribution of the mea-
surements within each bin. The horizontal trace indicates the network with NO sinusoidal
modulation, while the curved trace indicates a very low frequency jitter modulation on the same

network. See Figure 6.45 for the frequency components and amplitude of this jitter.
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Figure 6.45 dataCOM Plot — Fast Fourier of Autocorrelation

Figure 6.45 is showing a ZOOMed view of part of a larger FFT of the Autocorrelation shown in
Figure 6.44. Notice the overlay of two traces. One with a very low frequency spectral line and

one that is relatively flat showing no spectral lines, just noise.
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Note that these measurements were taken with the corner frequency set to 63.7 kHz. Below
this point the frequency content of the jitter spectrum will have a first order roll-off of 20dB
per octave. This corner frequency can be extended or shortened to cover the desired range.
Note that lower corner frequencies require longer run times.

It is also possible to average the data displayed in the FFT plot over successive runs in order
to filter out some noise. A Triangular Window function is automatically applied to the FFT in
order to reduce spectral information distortion. Refer to Appendix A - Using Fast Fourier
Transforms for further information concerning window weighting.

The RJ(1sigma) and PJpk-pk values in the legend are calculated over the bandwidth set in
the Digplay Options panel by RJ+PJ Fmin and Fmax. By changing these frequency limits
the user is able to vary the bandwidth over which the data is evaluated. In the case of Fibre’
Channel, the low frequency limit is set by ANSI standard. Currently, its value is 637 kHz.
The high frequency limit is the Nyquist of the apparent data sampling rate.

When sampling using Auto-Arming a special technique is employed to prevent the contami-
nation of RJ and PJ values by the presence of DCD+DDJ. Basically the RJ+PJ measurements
are taken by setting the stop count increment equal to the number of edges necessary to
measure across the entire pattern length. This prevents the introduction of variance due to
DCD+DDJ from combining from multiple edges. However, it has the side effect of lowering
the effective sampling rate. For this example the apparent Nyquist is lowered from it’s
normal value of 1/2 the carrier frequency (531 MHz) to a value of 26.6 Mhz. Therefore the
RJ noise floor will be analyzed over the range of 63.7 kHz to 26.6 MHz. The pattern length
determines the effective reduction in sampling rate, shorter patterns have less impact, longer
patterns are more severely effected. This limitation is not imposed on measurements taken
using external arming from a pattern marker.

By selecting the “Random” option in the Options Dialog this sampling technique is no
longer used when using auto-arming. This allows the effective sampling rate to be extended
to it’s normal value of 1/2 the carrier frequency. However, the presence of DCD+DDJ can
manifest itself in higher than expected RJ and PJ values.

In the case of SONET ATM specifications, this “random noise calculation” is equivalent to
the rms “Jitter Generation” number specified in the BELLCORE specifications. For ex-
ample, on a 155Mbit/sec SONET network, the Jitter Generation specification calls for
measuring the rms spectral noise between 65 kHz and 1.3 MHz. By setting the RJ Fmin and
Fmax to the appropriate frequencies, the RJ (1sigma) value will be the “rms” value of the
spectral content over that band-pass.

The parameters in the Digplay Options can be adjusted without the need to acquire new
data. Simply adjust the desired parameter and select Apply to see the effect of your changes.
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Users should be aware that the presence of a large periodic jitter source will cause the RJ
number to be inflated due to an increase in the statistical sampling error. Increasing the
sample size will help to decrease this inflation to some extent. However, if an external
pattern marker is available, there is an option of using a “Tail-fit” algorithm in order to
determine the correct RJ value. This option may be selected in the Options Dialog -
Advanced... selection screen and will prevent this inflation from occurring. However, due
to the greater sample size requirements longer acquisition times will be realized.

Note that when making measurements with an external pattern marker where you know there
is no higher frequency periodic jitter present, a “quick” mode can be used to speed the
acquisition process. In it’s default configuration a rigorous sampling technique is used in
conjunction with external arming to reduce harmonic distortion which can occur as the result
of “holes” which are naturally present in a data pattern. This harmonic distortion is much
greater in the presence of high frequency jitter. When you know no such high frequency jitter
is present selection of the “quick” mode from the Options Dialog - Advanced... sclec-
tion screen can speed data acquisition by as much as 10x. This can be especially beneficial
when the “Tail-fit” algorithm is being employed. See the Help Screens available from within
the VI/Datacom module for additional information on the options available when using the
VI/Datacom software.
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EYE HISTOGRAM
(Refer to Figures 6.46 and 6.47)

Option Dialog

Use Tail-Fit to Calculate DJ and RJ ..... Enabled
Stop Cycle on Success.............cccee..... Enabled

All Others Options ............................. Default
DTS Inputs

Channel 1 ... 1.0625 Gb/s
Channel 2 ... 1.0625 GHz

If any changes occur to the data signal, reset Virtual Instruments™ and resume
taking measurements.
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Figure 6.46 Eye Histogram

The input signal to Channel 1 is is a K28.5 pattern from a Fibre” Channel pattern
generator. The pattern generator’s clock signal is connected to the Channel 2
input of the DTS. The signals on the channels were +0.25 volts in amplitude.

When the tail-fit is successfully completed, the calculated tail-fits are plotted on
top of the raw histogram, and values for the Deterministic Jitter, Random lJitter,
Chi-square goodness of fit, and Total Jitter are displayed (See Figure 6.46). Note
that the Clock-Data skew (Ck-Data skew) is the mean time displacement
between the clock edge and the data edge.
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To view the Bathtub plot, select the Plot pull-down menu and choose Bathtub
Curve. The resulting Bathtub plot (See Figure 6.47) is based on the total jitter
probability distribution function (PDF) of the raw histogram with extrapolated tails
calculated from the tail-fit. The Total Jitter is extracted directly from the Bathtub Plot.
Note: For Spectrum Panel only - The Total jitter Specification (UI) that is used for
this calculation is User Defined, make sure that reasonable values are assigned for
this as well as the Bit Error Probability.
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Figure 6.47 Eye Histogram - Bathtub Curve
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TIME SERIES
(Refer to Figure 6.01486)
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Figure 6.48 Time Series

Figure 6.26 shows the warm-up drift of the oscillator being tested. The Allan Variance
is calculated to give the user an indication as to the long term stability of the signal

being tested.
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o TIME SERIES

(Refer to Figure 6.49)
e Function........cccocooiiil. PER
* Sample Size................. 100
e Channel ........................ 1
e Allan Variance ............... ON

Homen v

[ Dotioes QTE  Goess

Timd SeCied

AAEE —r i
1aey o — e ] k¥
Cann oo = Al
LERER L]
! Ftog
a
A FET T
-
tpwk
I | o - B
L] — - v
| T o e g g g T 1 i ™ s )
14 2B i T “ “

Heam 1-5isma FR-Fi Baximem  Mimimem SarmLcw Allam War
Latest 180%F.FM LF.0F  W.¥FY 1EXIE.EN 16T T e TYE.Ee-W
Sreerall EBRE}.FFE L5 &1 e ERL DERLE-EFR SR BEE Tl S Te-8

Figure 6.49 Time Series

The Time Series display is useful in showing slow, low frequency drift
anomalies. In this graph, the period of the generator is drifting up in period.
The period was also programmed to make a 200 ps jump.
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TIME SERIES

(Refer to Figure 6.50)
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Figure 6.50 Time Series
Graph is showing a 100 ps jump in the period on the data pulse on Channel 1. Also

shown is the AVG measurement along with the maximum & minimum measurement
taken for 512 consecutive bursts of 100 one-shot measurements.
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APPENDIX A - Using East Fourier Transf

This appendix presents a more detailed look into FFT windowing. The transformation of time domain
data using the FFT windows found in Virtual Instruments will be illustrated as well as each window
effect on the measured sine wave input signal.

Window Characteristics

For the Kaiser-Bessel FFT, several graphs are presented with the Alpha factor increased from

two to 10, in increments of two. This varying of the Alpha factor illustrates the inverse proportionality
relationship between the spectral peak width and the sidelobe rejection of the Kaiser-Bessel window. As
the Alpha factor increases, the spectral peak widens and the sidelobes shrink. As the Alpha factor de-
creases, the spectral peak narrows and the sidelobes increase in amplitude.

The Kaiser-Bessel FFT is the only FFT that has the Alpha factor feature which contributes to the
versatility of this FFT. The Kaiser-Bessel examples, along with the other window examples, illustrate
the different characteristics of each window. One window may have a narrow spectral peak with big
sidelobes while another may have a broad spectral peak and little sidelobes. Each window has its own
characteristics and the user should become familiar with them to use them effectively.

Window Weighting

To reduce spectral information distortion of FFTs, the time domain signal is multiplied by a window
weighting function before the transform is performed. The choice of window will determine which
spectral components will be isolated, or separated, from the dominant frequency(s). Each window
function has advantages/disadvantages over other windows.

General Summary of Window Functions'
Rectangular - No window weighting.

Kaiser - Very narrow apectral peak. Very large sidelobes.
Alpha factor affects spectral peak and sidelobes.

Triangular - Narrow spectral peak. Large sidelobes. Moderate fall off.
Hamming - Moderately sharp central peak. Poor sidelobes. First sidelobe cancellation.

Hanning -Reasonable sidelobe rejection. Central peak as narrow as triangular window.
Faster sidelobe fall off than triangular window.

Blackman - Broad central peak. Good sidelobe rejection.
Gaussian - Very broad central peak. No sidelobes.

! Higgens, Richard J., Digital Signal Processing in VLSI, Prentice-Hall, 1990, pp118-19.
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Fast Fourier Transform Examples

The windowed input record is 128 points long of a sine wave at a frequency of 65/128 times the
Nyquist frequency. The windowed record is padded to 4096 points in length (padding factor of 32)
and the FFT is run with the results displayed.

Notice that the vertical scale changes from one window to the next.

The vertical scale for the graphs is correct except for FFT use in the jitter analysis function and the
data communications function. In these cases, the vertical scale on the graphs must be divided by 2.

The graphs extreme right hand frequency, 1.0, is the Nyquist frequency: this is one-half of the
sampling frequency.

The -3.01 dB and -6.02 dB bandwidths are for a 128 point input signal. For inputs other than 128
points, the bandwidths may be scaled by:

scaled bandwidth = bandwidth * 128 / # of points

Example: The -3.02 dB bandwidth of a rectangular window is 0.0138 for a 128 point input. Ifa 512
point input is used:

scaled bandwidth = 0.0138 * 128 / 512 = 0.00345

The -3.02 dB bandwidth for a 512 point input using a rectangular window is 0.00345 times the
Nyquist frequency.
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The following graphs show window behavior.

Window Response
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-3.01 dB bandwidth is 0.0138 times the Nyquist frequency.
-6.02 dB bandwidth is 0.0189 times the Nyquist frequency.

The largest sidelobes are -13.2 dB down.
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Window Response
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-3.01 dB bandwidth is 0.0155 times the Nyquist frequency.
-6.02 dB bandwidth is 0.0213 times the Nyquist frequency.

The largest sidelobes are -18.5 dB down.
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Window Response
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Kaiser-Bessel window Alpha=4

-3.01 dB bandwidth is 0.0188 times the Nyquist frequency.
-6.02 dB bandwidth is 0.0261 times the Nyquist frequency.

The largest sidelobes are -30.2 dB down.
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-3.01 dB bandwidth is 0.0221 times the Nyquist frequency.
-6.02 dB bandwidth is 0.0308 times the Nyquist frequency.

The largest sidelobes are -43.9 dB down.
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-3.01 dB bandwidth is 0.0276 times the Nyquist frequency.
-6.02 dB bandwidth is 0.0387 times the Nyquist frequency.

The largest sidelobes are -74.1 dB down.

140 | Appendix A | Fast Fourier Transforms



Window Response

I
i

dB

n
w
o

—

[—=

Magnitude
o
o
—
—

I
—
| —

] T
quuuu1uv& \UUU””“

0 0.2 0.4 0.6 0.8 1
Frequency relative to Nyquist Frequency

Triangular window

-3.01 dB bandwidth is 0.0199 times the Nyquist frequency.
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The largest sidelobes are -26.5 dB down.
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-3.01 dB bandwidth is 0.0205 times the Nyquist frequency.
-6.02 dB bandwidth is 0.0285 times the Nyquist frequency.

The largest sidelobes are -42.5 dB down.
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-3.01 dB bandwidth is 0.0223 times the Nyquist frequency.
-6.02 dB bandwidth is 0.0310 times the Nyquist frequency.
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-3.01 dB bandwidth is 0.0259 times the Nyquist frequency.
-6.02 dB bandwidth is 0.0362 times the Nyquist frequency.

The largest sidelobes are -58.1 dB down.
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-3.01 dB bandwidth is 0.0251 times the Nyquist frequency.
-6.02 dB bandwidth is 0.0353 times the Nyquist frequency.

The largest sidelobes are -56.0 dB down.
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Appendix B — HP E2091 I/O Library Installation

The HP-IB interface card must be installed before the I/O libraries are configured.

The HP E2091 I/O libraries must be installed and configured on a series 700 HP-UX
system before the HP E2070 or HP E20711 HP-IB interface card can be used.

Refer to the HP I/O Libraries Installation and Configuration Guide for HP-UX
(document E2091-90002) for the installation and configuration of the HP I/O libraries.

Only the Standard Instrument Control Library (SICL) needs to be installed and
configured for the above HP-IB interface cards.

Chapter 2 of the guide contains the procedure to install HP SICL on an HP-UX 9
system. Once the installation has been verified the SICL package can be configured
for your HP-IB interface card.

The configuration file, ‘hwconfig.cf,” in ‘/usr/pil/letc’ must be updated to reflect
your HP-IB interface card. This is done with the graphical user interface program,
‘lusr/pil/bin/iosetup.’

The procedure is also described in chapter 2 of the document. Appendix A of the
document also explains how the configuration file can be edited. This can be done
instead of updating the configuration file with ‘/usr/pil/bin/iosetup.’ Once the file
has been modified, the program, ‘/usr/pil/bin/pilconf,” must be run to update the
system to recognize the new configuration. At the end of the procedure, it will be
necessary to reboot the system.

The above procedure must be done by the super-user. After the system has rebooted,
the program, ‘/etc/dmesg.’ can be run to display the log from the boot process. If
the HP-IB interface card was configured correctly, the following lines will be displayed:

1 Slot EISA Expander Initialized: HWPC000
Slot 1: PIL: HP E2071 HPIB: sys-ctrler, type = 4
PIL: HP E2071 HPIB: Initialized, slot = 1, symbolic nhame = hpib

NOTE: This example corresponds to the configuration of an HP E20711 interface card .
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Appendix C- Solaris 1.x (SunOS 4.1.x)

C.1

C.2

The information contained in this section supplements previous sections. Only one (1)
National Instruments driver can be installed at any one time. If an incorrect driver is
installed, it must be removed/unloaded before the correct one can be installed. If no GPIB
driver is installed, proceed to step C.2.

UNLOADING AN INSTALLED DRIVER
* INTERNAL GPIB BOARD:

The driver is unloaded with the command,
Idev/ib.UNLOAD

Remove the file, ‘/etc/loadable’, which causes the driver to be automatically
loaded at boot time. Also, remove the following files:

rm /devl/ib.*
e EXTERNAL GPIB-SCSI-A BOX:

Since this driver is part of a newly rebuilt kernel instead of being loaded at boot
time, the kernel that was built for this driver must removed and the original SunOS
kernel reinstalled for the internal GPIB board driver to work. Copy the original
kernel (which was saved as ‘/vmunix.old’ when a new kernel was made for this
driver) back to ‘/vmunix’.

If either of these drivers is to be fully removed from the system, the following files
MUST be removed to install a different driver:

rm /dev/dev*
rm /dev/gpib*
lusr/bin/ibic
lusr/bin/ibconf
lusr/bin/ibtsta

NOTE: The C library, ‘/lib/libgpib.a’, does not need to be removed when
switching from one driver to another. Once it is installed for either
driver, it will work with the other.

INSTALLING A DRIVER

Change to the directory that contains the appropriate GPIB driver distribution files.
* INTERNAL GPIB BOARD

It may be necessary to reboot the system if a new kernel was copied as ‘/'vmunix’
when the external GPIB-SCSI box was removed.
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Copy the administrative files with the following commands:
cp ibic /usr/bin/ibic
cp ibconf /usr/bin/ibconf
cp ibtsta /usr/bin/ibtsta
Build the C library (if it does not exist) with the following commands:
cc -c cib.c
ar rv /lib/libgpib.a cib.o
ranlib /lib/libgpib.a

* EXTERNAL GPIB-SCSI-A BOX

Run the script, ‘instgpib’. Go with the defaults from the script and enter the SCSI
address for the GPIB box. All of the required files needed by this driver are automatically
copied to the appropriate directories.

A new kernel will be made and (by default) be named ‘‘/vmunix’. The original kernel (by
default) will be named ‘/vmunix.old’. It might be necessary to reboot the system with
the different kernel.

C.3 LOADING A DRIVER
* INTERNAL GPIB BOARD
Load the driver from the directory that contains the distribution files with the command:
Jib.INSTALL
e EXTERNAL GPIB-SCSI-A BOX

No loading process needs to be done; the driver is part of the kernel. The driver’s parameters
are changed with the command, ‘ibconf. Even if no changes are made, ‘ibconf must be
run to create the required device files in ‘/dev’ for either driver. First, remove the following
files before running ‘ibconf’:

rm /dev/dev*

C.4 CONFIRM INSTALL/LOAD

* Run ‘ibconf’. Press any key. Then enter ~O to exit and ‘y’ to exit to create the
‘Idevi/dev®’ files. The driver install/load process can be checked with the command
‘ibtsta’

This step might also require a reboot of the system.

150 | Appendix C | Solaris 1.x



Appendix D — Solaris 2.x (SunOS 5.x)

D.A

D.2

D.3

The information contained in this section supplements previous sections. Only one (1)
National Instruments driver can be installed at any one time. If an incorrect driver is
installed, it must be removed/unloaded before the correct one can be installed.

CHECKING FOR RESIDENT GPIB DRIVER

Check to see if the correct National Instruments GPIB driver is installed by entering the
following (Sun) command:

pkginfo | grep NIC
¢ If‘NICsbgpib’ is returned, the installed driver is for the internal GPIB board.
¢ If ‘NICscsia’ is returned, the installed driver is for the GPIB-SCSI-A external box.

If no GPIB driver is installed, proceed to step D.3.
REMOVING AN INSTALLED DRIVER

Before switching from one GPIB interface to another, enter the following (Sun) command
to remove an installed driver package:

pkgrm PACKAGE_NAME,
where PACKAGE_NAME is the string returned from step D.1.

NOTE: The user must be super-user to remove a driver from the system.

INSTALLING A DRIVER

Presently, only one driver can be installed at any given time. Driver packages are installed
with the (Sun) ‘pkgadd’ command.

NOTE: The user must be super-user to install a driver into the system.

The ‘pkgadd’ software-transfer-package program was changed with Solaris release 2.4.
Some third party packages may no longer be compatible with the latest version of ‘pkgadd’.
Primarily, keyboard input might not be processed throughout the entire installation. To
resolve this problem, the environmental variable, NONABI_SCRIPTS’ must be set to
TRUE by the super-user prior to a package installation.

From the C-shell, this is done with the following command:
setenv NONABI_SCRIPTS TRUE,

or from the Bourne shell, this is done with the following commands:
NONABI_SCRIPTS=TRUE
export NONABI_SCRIPTS
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Copy the National Instruments driver software distribution (typically on a floppy) to the
Sun’s file system. Change to the directory in the distribution whose name identifies the
driver package. This may be down a few directories from the top distribution directory.

* For the Internal GPIB Board:
cd NICsbgpib

* For the GPIB-SCSI-A External Box:
cd NICscsia

Start the install process with the following Sun command:
pkgadd -d

Choose the default selections throughout the install process.

If you are replacing a previously installed driver with another driver, the system must be
restarted before the driver can be used.

D.4 CONFIGURING DRIVER (For Solaris 2.X systems.)

For proper operation of the DTS unit, the Auto Serial Poll feature of the National
Instrument driver MUST be disabled using the ‘ibconf’ program included during the N.I.
driver installation.

To start ‘ibconf,” enter:
lusr/bin/ibconf
from the top screen.
Press ‘Control I’ keys to edit the driver parameters.

Set the ‘Disable auto serial polling” entry to NO by using the ‘j° key to scroll down and
the ‘I’ key to toggle the selection to yes.

Press ‘Control O’ to return to the top ibconf window and then enter ‘Control O’ again
to exit.

Press ‘y’ to save the configuration if any changes were made for the new driver to be created.
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