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IConnect and MeasureXtractor is TDR and VNA software for high-speed
interconnect characterization. It is an integrated measurement, modeling and
model validation tool for high-speed interconnects in printed and flexible circuit
boards, packages, ATE sockets, connectors, cables and cable assemblies.
IConnect provides accurate interconnect measurements and equivalent circuit
models that predict reflections, ringing and crosstalk in high-speed interconnects.

IConnect Overview
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Figure 1-1: IConnect data analysis and model validation windows

IConnect and MeasureXtractor TDR and VNA software from Tektronix is the
efficient, easy-to-use and cost-effective solution for measurement-based
performance evaluation of gigabit interconnect links and devices, including
signal integrity analysis, impedance, S-Parameter and eye diagram tests, and
fault isolation. IConnect provides an integrated simulate-and-compare link
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Measurement-based
Modeling

between SPICE/IBIS simulators and TDR/T measurements, and allows the
designer to quickly extract and validate gigabit interconnect models, and to
predict eye-diagram degradation, jitter, losses, crosstalk, reflections and ringing
in PCBs and flex boards, packages, sockets, connectors, cable assemblies, and at
the input die capacitance. IConnect provides simple and efficient algorithms for
computing single-ended and differential S-Parameters, insertion and return loss
from TDR/T measurement. The IConnect true impedance profile improves the
oscilloscope resolution and accuracy, and helps locate failures more easily.

The new IConnect Interconnect Link Simulator allows the designer to easily
analyze interconnects by using TDR/T or S-Parameter data directly in simula-
tions without the extra step of model extraction, to perform concurrent time and
frequency domain analysis of the interconnect link performance, and to quickly
perform equalizer and emphasis circuit design and analysis.

The IConnect MeasureXtractor automatic model extraction tool then converts
TDR/T or S-Parameters into an exact interconnect model, compatible with
SPICE or IBIS simulators. These models then allow the designer to quickly
perform system level analysis of the interconnect link with transmitter and
receiver. IConnect makes it easy to analyze gigabit interconnect links in various
serial and parallel link standards, in computer and communications backplanes
and connectors, cables and cable assemblies, disk drive flex interconnects, ATE
sockets, fixtures and backplanes, BGAs and chip-scale packages, and at the die
input. With IConnect, modeling and analysis tasks are accomplished quickly,
resulting in faster design time, lowering design costs. IConnect runs on Windows
XP/2000/NT 4.0/95/98/2000 and interfaces to a TDR oscilloscope via GPIB or
local oscilloscope interfaces. The IConnect modeling approach results in faster
time to market and lower design costs.

IConnect also enables more accurate impedance measurements and improves the
TDR oscilloscope resolution by removing multiple reflections from TDR
waveforms. Smaller discontinuities can be resolved more easily, enabling the
designer to identity the exact locations of open/short failures in multisegment
interconnects. Impedance can be displayed versus time or physical distance on
the x-axis, which can be important for failure analysis applications.

The IConnect software package is built upon the concept of measurement-based
modeling. This approach to modeling begins with measurement of the character-
istics of a device, and a model is extracted from the measured data. After
extraction, the model response is verified by comparison against the data from
which the model was extracted. IConnect enhances productivity by simplifying
these measurement, modeling, and verification tasks, and by integrating them
into a single comprehensive software package.
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Measurement  IConnect contains a seamless interface for data transfer from several supported
measurement instruments. Supported instruments include Tektronix and Agilent
(formerly Hewlett-Packard) oscilloscopes and the Agilent 8510 network analyzer
operating in time-domain mode. Your computer’s hard drive is also considered to
be a measurement instrument, and may be used to store measured waveforms,
transfer data from other formats, or even create new waveforms. Online
documentation and application information are available to assist you in
determining the necessary measurements to extract a particular model, and
telephone and e-mail support are available if desired. Tektronix will also assist
IConnect users in setting up their own measurement systems and making
accurate measurements.

Modeling  IConnect contains many different models which are applicable to typical
interconnect structures. Each of these models is based on parameters which can
be extracted directly from time-domain measurements using the algorithms
available from within IConnect. The models are saved as SPICE files for simple
direct evaluation using SPICE-based simulators. Online documentation and
application information are available to enable you to become accustomed to
what type of model is appropriate to represent a particular interconnect structure.

Verification ~ IConnect supports direct and simple verification of a model against measured
data by directly linking with a simulator to evaluate the model and compare its
response against measured data.

IConnect provides you with several simulation options:
®  Linear simulator (built-in with IConnect)

®m  PSpice from Cadence

®  HSpice from Synopsys

®  Berkeley Spice 3F from the University of California

A large amount of flexibility is available so that models can be verified against a
variety of excitation and termination conditions without having to leave the
IConnect framework.

What You Can Do With IConnect

IConnect is the efficient, easy-to-use and cost-effective solution for measure-
ment-based performance evaluation of gigabit interconnect links and devices,
including signal integrity analysis, impedance, S-Parameter and eye diagram
tests, and fault isolation.
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Signal Integrity

Failure Analysis

IConnect TDR and VNA software: efficient and easy signal integrity analysis for
gigabit interconnects:

Easy SPICE/IBIS modeling for PCB, flex board, connector, cable, package,
and socket

Simple differential and single ended S-Parameters, and frequency dependent
losses

Integrated simulate-and-compare link between SPICE/IBIS simulators and
TDR/T

More accurate impedance measurements

Cost-effective eye diagram testing including crosstalk

IConnect® Link Simulator: efficient and easy interconnect link simulation:

Easily analyze interconnects by using TDR/T or S-Parameters directly in
simulations

Quickly predict eye diagram, jitter, losses, crosstalk, reflections, and ringing
Concurrent time and frequency domain interconnect link analysis
Easily perform equalizer and emphasis design and analysis

Efficiently validate analytical and field solver models

IConnect MeasureXtractor: automatic tool for exact model extraction:

Automatically convert TDR/T or S-Parameter data into exact frequency
dependent models

Easily ensure SPICE / IBIS simulation accuracy by using exact frequency
dependent models

Easily perform system level analysis of the interconnect link with transmitter
and receiver

Resolving smaller discontinuities
Locating exact position of open, short, and soft faults

Easy data manipulation and analysis

IConnect utilizes a standard Microsoft Windows 98/2000/NT4.0/XP interface.
You can also install and run IConnect on the Tektronix TDS/CSA8000,
TDS/CSA8000B, TDS/CSA8200, and DSA8200 oscilloscopes.
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Tektronix can provide you with a complete TDR solution for your interconnect
signal integrity and failure analysis, including IConnect TDR and VNA software,
a Tektronix TDR instrument, recommendations on probing, cabling and fixturing
solutions, and high-quality TDR applications support. To ensure your success,
Tektronix offers optional on-site product training. IConnect TDR and VNA
software and Tektronix interconnect signal integrity analysis expertise enables
you to significantly improve your interconnect signal integrity analysis,
impedance, S-Parameter and eye diagram tests, design and model validation, and
fault isolation results.

IConnect Installation Notes

Minimum System
Requirements

Installation Overview

The following are the minimum system requirements:
400 MHz Pentium Processor

® 256 MB of RAM (1 GB of RAM may be necessary for large
MeasureXtractor runs)

® 40 MB Hard Drive free space

®  National Instruments GPIB board, version 2.1 (not required for Tektronix
TDS/CSAS8000 Series oscilloscopes or the DSA8200 oscilloscope with their
local VISA interface)

B Microsoft Windows 98, NT 4.0, 2000, or XP (already installed on Tektronix
TDS/CSAS8000 Series oscilloscopes or the DSA8200 oscilloscope)

® 1024 x 768 monitor resolution

The following components are installed when installing IConnect:
®  [Connect (Includes Berkeley SPICE 3F)

®m  Sentinel hardware key drivers

IConnect/Hardware Key Driver Installation.

1. Place the IConnect CD in the CD-ROM drive. The IConnect setup program
should automatically start. If it does not, go to your CD-ROM drive using
Windows Explorer and double-click the Setup.exe icon. If filename
extensions are hidden, look for the “Setup” file with the computer and floppy
disks icon.

2. Follow the setup instructions to install IConnect. As part of the setup wizard,
the Sentinel hardware key drivers are also installed.
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3. Before starting [Connect, plug the parallel-port hardware key into your
computer’s parallel port, or plug the USB hardware key into your computer’s
USB port. If you have another peripheral device attached to your parallel
port, plug it into the back of the hardware key.

NOTE. You are given the choice of installing the hardware key drivers either
automatically or interactively. Interactive installation allows configuration as
well. However, automatic installation should be effective in most cases.

Adobe Acrobat Reader

To read or print the Berkeley SPICE or the IConnect PDF manuals, you need
Adobe Acrobat Reader. If not already present on your system, download and
install the latest version of Adobe Acrobat Reader from the Adobe Web site
(www.adobe.com).

NOTE. Adobe Acrobat Reader is not required to view the online help.

Manual Sentinel Hardware Key Driver Installation, Removal, and Configuration

Although the IConnect setup wizard automatically installs the Sentinel hardware
key drivers, you may need to manually install, uninstall, or reconfigure the
drivers at a later date. To install or uninstall the Sentinel drivers, use the MS
Windows Add/Remove Programs utility (Start > Settings > Control Panel >
Add/Remove Programs).

NOTE. Administrator privileges are required to install or uninstall the drivers.
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Getting Started With IConnect

To get started using IConnect, you should run the online tutorials, which are
accessible from the Help > Getting Started... menu command. See Table 1-1 for
a list of the tutorials and descriptions. The tutorials are also included in

Section 2, Operating Basics.

Table 1-1: Tutorials

Tutorial Description Page
True Impedance Profile (Z-Line) A standalone section for those using Page 2-6
Computation Tutorial IConnect to improve impedance mea-
surement accuracy.
Eye Diagram Tutorial Guides you through the steps necessary | Page 2-15
to perform eye diagram electrical
standard compliance testing and eye
mask testing.
S-Parameter Computation Tutorial | Shows how to obtain differential, Page 2-27
single-ended and mixed mode S-Param-
eter data, insertion and return loss.

Lumped LC Computation Tutorial lllustrates the JEDEC standard-based Page 2-39
techniques for modeling electrically short
interconnects, such as packages or
sockets.

Single and Coupled Line Modeling | Demonstrates techniques for using Page 2-48

Tutorial impedance profile to model electrically
short or lossless structures.

Lossy Line Modeling Tutorial Guides you through extraction and Page 2-60
verification of a single-ended or differen-
tial lossy transmission line mode.

MeasureXtractor Modeling Tutorial | Demonstrates how to generate a Page 2-73

behavioral SPICE model with the least
amount of effort.
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IConnect Shortcuts

The following table lists many of the IConnect Software keyboard shortcuts.

Table 1-2: Keyboard shortcuts

Action

Shortcut

General

Open IConnect model and/or waveform files

Drag files over IConnect window and drop them

Copy active window to clipboard as bitmap Ctrl+Shift+A
Copy main window to clipboard as bitmap Ctrl+Shift+M
Waveforms

Select All Ctrl+A

Waveform Context Menu (single or multiple selected waveforms)

Right Click on a waveform

Nudge Waveform

Arrow Key (if Waveform leg end highlighted in blue, click tab first)

Nudge Waveform Faster

Shift + Arrow

Move Waveform Drag while holding left mouse button down
Constrain Motion to Horizontal or Vertical Shift + Drag

Select Single Waveform Single Left click

Add Waveform to Selection Ctrl + left click

Waveform Properties (single or multiple selection)

Right click, select Properties

Single Waveform Properties

Left double click

Delete Selected Waveforms Delete

Labels

Move Drag while holding left mouse button down
Select Left click

Multiple Selection Ctrl+left click

Edit Text

Click on selected label

Special Text

%name is the name of the associated waveform if any

Delete Selected Labels

Delete

Label properties

Right click on label

New Label

Right click in waveform viewer

Waveform Viewer

Context Menu

Right click in open area

Save or Save As

File menu or waveform context menu

1-8
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Table 1-2: Keyboard shortcuts (Cont.)

Action Shortcut
Zoom Left click in an open area and drag a rectangle around what you
want to zoom on
OR
Hold down Shift+Ctrl in any area and drag a rectangle
Zoom to 100% Context menu or view menu- scales plot to remove scroll bars
Autoscale Context menu or view menu- scales plot to fit all waveforms
Zoom In Context or view menu- zooms in by 2x
Zoom Out Context or view menu- zooms out by 2x
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Enhancements and Improvements in IConnect 4.0

EZ Z-Line Viewer  The IConnect EZ Z-Line viewer allows single-button Z-Line computation for
any number of device waveforms.

Passive Equalizer Model  The passive equalizer model adds the ability to apply a high pass filter character-
istic (equalizing signal loss across frequencies) to the data stream of the
transmission line.

Long Record Length  IConnect now supports the long record lengths available in the Tektronix
Acquisition = DSA8200 and CSA/TDS8000 Series oscilloscopes.

CompositeModel Eye ~ The Eye Diagram capability now lets you see an eye diagram of your entire
Diagram  composite model.

COmmand Line Interface  CLI is a command line interface for S-Parameter calculation, conversion to
(CLI)  Touchstone format, LC computation, Z-Line computation, and lowpass
waveform filtering.

MeasureXtractor  Improved accuracy of extracted models.

Linear Simulator  IConnect now includes a built-in linear simulator for analyzing interconnects by
using TDR/T or S-Parameter data directly in simulations without the extra step
of model extraction, perform concurrent time and frequency domain analysis of
the interconnect link performance, and quickly perform equalizer and emphasis
circuit design and analysis.
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Enhancements and Improvements in IConnect 3.6

Eye Diagram Crosstalk
Capability

Touchstone Export
Capability

Improved Export of RLGC
Parameters

Introducing IConnect
S-Parameters and Z-Line

Z-Line Improvements

The Eye Diagram now incorporates crosstalk effects, with the following features:
The user can configure up to 8 aggressor lines
B The user can select any combination of aggressors to contribute to the eye

®  An aggressor can be either synchronous or asynchronous with respect to the
victim

m  Crosstalk effects within the fixture can be calibrated out of the eye

IConnect now exports 1-port, 2-port, and 4-port single ended and differential
frequency-domain Touchstone files.

RLGC parameters can now be scaled when output in order to correspond to the
length of a line. The samples can be distributed either linearly or logarithmically
in frequency.

The “IConnect S-Parameters” feature has been extended to include Z-Line
capability and has been renamed “IConnect S-Parameters and Z-Line”.

You can now optionally perform a 50-ohm load calibration when using Z-Line to
compute impedance profiles.
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This chapter contains seven tutorials to help get you started using IConnect and
MeasureXtractor TDR and VNA software.

The True Impedance Profile (Z-Line) Computation Tutorial on page 2-6 is a
standalone tutorial for users interested in obtaining true impedance readouts for
analysis, but with no interest in developing SPICE models.

The Eye Diagram Tutorial on page 2-15 shows how to compute an eye diagram
based on TDT measurements without extracting a model.

The S-parameter Computation Tutorial on page 2-27 will lead you through
using your TDR oscilloscope to take accurate single-ended, differential, and
mixed model S-Parameter measurements.

The Lumped LC Computation Tutorial on page 2-39 shows how to quickly and
accurately extract lumped element models for electrically small devices.

Users intending to create SPICE models should start with the Single and
Coupled Line Modeling Tutorial on page 2-48, which outlines how to convert
true impedance information into a validated single-ended or differential SPICE
model.

The Lossy Line Modeling Tutorial on page 2-60 explains how to extract an
accurate model for a lossy transmission line or differential pair.

The MeasureXtractor Modeling Tutorial on page 2-73 introduces TDA Systems’
MeasureXtractor automated modeling technology with one-click model
extraction capability.
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Preparing to Take Measurements

2-2

Good Measurement Practices. It is important to use the following good measure-
ment practices when acquiring signals with your 18-20 GHz TDR oscilloscope:

®m  Let the instrument warm up for 20-30 minutes before performing measure-
ments.

®  Use good quality low-loss cables and good probes with small signal-to-
ground spacing.

®m  Use signal averaging in the TDR oscilloscope to reduce noise. Use at least
128 averages if your instrument averages quickly; this will give an extra
20 dB of dynamic range.

®m  Deskew the channels in the TDR oscilloscope while doing differential
measurements (for coupled models). Follow your oscilloscope de-skewing
procedure before acquiring differential data.

How to connect to the measurement instrument. You need to make sure that you
have a means to acquire the data and communicate with the instrument. You can
acquire the data either via GPIB from a computer with a National Instruments
GPIB card connected to the instrument, or through a local interface with the
IConnect software running on the PC-based instrument itself. You also need to
make sure that the software settings match the physical settings of the oscillo-
scope. These settings can be made visible by clicking on View > Acquisition
Window as shown in Figure 2-1.

i~ |Connect

File Edit BUEEN Compube Model  Simulate  Tools  Window  Help

[ & | @ | o

Launching
acquisition

v Boquisition Window  ~<— window

Cornputation Window
Toolbars r

Figure 2-1: Displaying the Acquisition window
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Acquiring data. In the Acquisition window Instrument drop-down list, select the
oscilloscope you intend to use, or select the Virtual Scope to follow this tutorial
and acquire the data from the hard drive.

If you have chosen Virtual Scope, you can click on the Instrument Settings tab
to select the directory where the tutorial waveform data is stored, as shown in
Figure 2-2.

Measure l Instrument Settings ]

Instrument:
|\|"|rt|_|a| Scope j Select the
instrument

VWawefoms:
DUT.wfm
Open_wim
Short.wim
ZLine wim

,(’\"\r ~ Long Record is available

with Tektronix DSA8200
; and CSA/TDS8000 Series
Acquie | Refresh | oscilloscopes

Waveform Viewer:

Mew Waveform Viewer j

Figure 2-2: Instrument Settings tab in the Acquisition dialog box

If you have chosen an oscilloscope from the Instrument drop-down, the
Instrument Settings tab shown in Figure 2-3 lets you set the software
parameters. You need to make sure that these parameters, such as the instrument
GPIB Address, match the physical settings of the oscilloscope and of your GPIB
card, and that the instrument is ready to communicate via the GPIB or local
interface. Typically, the GPIB board index is set to 0, and the address must
match the GPIB address of your instrument. To change these settings properly, it
may be necessary to consult your instrument or GPIB board manual.
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Meazure  Instiument Settings ]

GFIB

Address: 1 le

Timeout: |1z =

Board Index: |0 =

Traces
Iv Chatinelz
W Hath

[+ References

Figure 2-3: Use Instrument Settings to match the oscilloscope settings

Acquisition window. Keep in mind that if you are extracting a model, you must
acquire all the required waveforms - for example, reference, reflection and
transmission - without changing the timebase on the TDR oscilloscope. The first
waveform transition, corresponding to the interface from the sampling head to
the cable, must be windowed out.

When you look at an open reference waveform, you see essentially a two-step
staircase (see Figure 2-4). The first step in the staircase must be windowed out
(as shown by the boxed area inside the waveform graph in Figure 2-4), and the
measurement must be zoomed in on the DUT reflected waveform, as shown in
Figure 2-5.

For more measurement tips and suggestions on good measurement practices, see
Measurement Tips on page 4-11
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True Impedance Profile (Z-Line) Computation Tutorial

This tutorial guides you through the steps necessary to compute the single ended
and differential impedance profile of a device under test (DUT). The IConnect
True Impedance Profile computation employs the powerful “peeling” algorithm,
which substantially improves the impedance measurement accuracy for devices
with impedance discontinuities. The tutorial leads you from a set of raw
measurements to the true impedance profile.

What is True Impedance  The impedance profile is the characteristic impedance of a PCB trace, package

Profile?  lead, or other transmission-line-type structure, as a function of distance. Because
transmission lines with impedance discontinuities tend to have multiple
reflections that occur between the discontinuities that superpose on each other, a
post processing algorithm is necessary to determine the true impedance profile of
the device. The impedance display function in TDR oscilloscopes does not take
these multiple reflections into account, and therefore the TDR oscilloscope
impedance reading for a multi-segment interconnect may have significant error.

Although the impedance profile is used within IConnect as a starting point for
signal integrity modeling, it is also useful in its own right as an analysis tool to
observe the type and position of discontinuities along a line.

A IC onnecA[ R |, vy

N\
1500
M ST
1001 1 = . " P~
\
hN I\ Impedance errors
24 ST R in TDR:
| | multiple reflections
Tme 4T [Clee]
Cursev 1. | E77pS | @Gps | s09 0
Cuscn 2 | 15805 2R

Accurate impedance
in IConnect (R)

Figure 2-6: True impedance profile example
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True Impedance Profile in
Failure Analysis

Measurements for
Impedance Profile
Analysis

Using a true impedance profile, and not a raw TDR waveform as acquired by a
TDR oscilloscope, is critical to accurately pinpoint open and short failures in
packages, boards, connectors and cables. In this example, you see how the raw
TDR waveform (green trace in the picture), due to the presence of the multiple
reflections in the trace, gives us a confusing indication of where the failure may
have occurred. The true impedance profile (red waveform), on the other hand,
pinpoints the failure location precisely and unequivocally.

A IC onnecA[ R |, vy

\
A I\ Impedance errors
504 1.1"-’ Q in TDR:
| multiple reflections
Tewe 4T e
Curccel: | E77pS | S00ps | 5092
Cusor 2 | 15805 za

Accurate impedance
in IConnect (R)

Figure 2-7: Using the true impedance profile

You should begin by reviewing Preparing to Take Measurements on page 2-2
if necessary. It discusses good measurement practices as well as how to get your
oscilloscope communicating with IConnect.

For this tutorial, you will use the Virtual Scope. The Virtual Scope is a tool for
loading waveforms from the IConnect tutorial directory, using the same interface
as that used for oscilloscopes.
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Measure I Instrument Settings I

Instrumett:
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W aveforms:
DUT. wm
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Lang Fecord Parameters...l
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W aveform Yiewer:
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Figure 2-8: The Acquisition dialog box

AW N =

.

Click the Measure tab (in the acquisition window).
Select Virtual Scope from the Instrument field.
Click the Instrument Settings tab.

Click the ... button next to the Directory field and navigate to C:\Program
Files\TekApplications\IConnect\Tutorials\Single Line. This selects the
directory that contains the waveform files for this tutorial.

Select *.wfm from the Filter list.
Click the Measure tab.

Select DUT.wfm and Short.wfm from the Waveforms list. Use the Ctrl key
along with the mouse to select multiple waveforms.

Click the Acquire button. IConnect opens up a new waveform viewer
containing the two waveforms.
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DUT Connections  For single line modeling, TDR waveforms must be acquired with only channel
M1 connected to the DUT. The termination on the far end of the DUT is not
important, and can be a short, an open, matched (50 €2) or any other impedance
value.

For acquiring waveforms connected to a DUT with long signal paths, such as a
long transmission line, take advantage of the long record length acquisitions
available with the Tektronix DSA8200, CSA8000 series, or TDS8000 series
oscilloscopes, and enable the Long Record length.

In differential or common mode, both transmission and reference measurements
must be differential (that is, the negative switching channel is subtracted from
the positive switching channel) or common mode (the two positive switching
channels are added together).

For a symmetric interconnect, you can use odd and even mode waveforms,
acquired on the positive switching channel with the stimulus being in differential
(for odd mode data) or common mode (for even mode data).

It is important to de-skew the TDR oscilloscope channels before doing ditferen-
tial measurements. Follow your oscilloscope de-skewing procedure before
acquiring differential data.

Reference measurement:

Differential stimulus is ON on Reference and transmission on measurements:
channels M1, M2. Differential stimulus is ON on channels M1, M2.
Reflection is measured on the Transmission is measured on channels M3-M4
same channels M1-M2 Reflection is measured on the same channels M1-M2
O O
O
[
O
O O O O O O
M1 M4 M1 M4
M2 j [ M3 M2 DUT M3
Fixture 1 Fixture 2 Fixture 1 Fixture 2

Figure 2-9: DUT setup for differential reference, reflection, and transmission
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Setting up the Impedance

Profile

Computing the Impedance

2-10

Profile

Begin computing the profile by making the computation window visible by
pressing from the auxiliary toolbar. The computation window is easily identified
by the dropdown list box marked Compute at its top.

9.

10.
11.

12.

Click the Computation Window button (the button with the mathematical
symbols) to open the Computation window. The computation window can be
docked to either the left or right side of the main IConnect window, or it can
float inside or outside the main window.

Select Z-Line from the Compute drop-down list.

Select the name of the waveform viewer containing the waveforms from the
Waveform Viewer drop-down list box.

In the Waveforms group, select the response (reflection) from the DUT list
box, and select TDR input step (short or open can provide an equally good
quality reference) from the Step list box.

A Load TOR waveforms in IConnect{R )y - Tire Domisin

Clrwon 1 S b 127pa

Cusor 2 [ Gl Zy| WO Compue

-_'HJ.-‘. f—, o vl oam Wieseer:
| PN I".-\.l’a.':J:-'-\"\-'lewer'I j
Wwlarvelorme
DuT ,m
Seo [Gpenvim =]

Time AT AT/2

Thesehold | 3% %

Figure 2-10: Selecting waveforms for the impedance profile computation

Att

he bottom of the computation window, set Zg to 50 © and Threshold: to

35% if necessary.

13.

In the Parameters group, set Zg to 50  and Threshold: to 35%. These are
default values, which do not need to be changed under normal operating
conditions.

Z corresponds to the reference impedance value at the left-most point in the
acquisition window, which should be somewhere in the middle of your 50 Q
cable connecting the DUT to the oscilloscope. If it is not, read the impedance

IConnect® and MeasureXtractor™ 4.0 User Manual



Operating Basics

value for that right-most point on the oscilloscope first, and then enter that
value into the Z field.

Threshold is a noise and measurement error reduction parameter, which will
usually be set between 25% and 75%. If your measurements are noisy or
your fixture has large discontinuities, you may need to increase this
parameter. Refer to Impedance Profile Computation on page 9-4 of the
IConnect reference manual for further information on threshold.

14. Click the Compute button to compute the impedance profile and plot it in the
waveform viewer.

A-Camputing the True Impedace Prafile in ICannech(R ) vk - Time Don

1 Compute: [ZL e -]
-_“J.‘-\ /_J Wavehorm Vieswer:
10 L v— [otervetonm Vicvecr 1 R
i Wawelorms
=200
MJF"\ J{J BUT: [BUT wim -
ki | 828 [ i sl =
Time AT ATF2
Crrson 1 Sps | SSdps | 127ps
Cuen 2 | SlEpe za-'l 500 ’Emwllzl
Thisihokd | 9%

Figure 2-11: The impedance profile as displayed in the waveform viewer

Using Cursor Readout  Right-click on the reflection waveform (or on its name in the waveform legend
window) and select Cursor Readout. Move the cursors with the mouse to view
waveform data. You can also inspect the computed capacitance and inductance
values between the cursors.

If you prefer to see the horizontal scale and readouts in distance units rather than
time units, you may do so by right-clicking in an empty area of the waveform
viewer and choosing Plot/Versus Distance from the resultant context menu.

To set the dielectric constant, choose the Tools/Options... command from the
main menu, select the Waveform Viewer tab, and set €, to the appropriate value.
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2-12

Using the Zoom Tool

i~ Reading Impedance ¥alues in IConnect.wiy - Time Domain E][E|E|
Tne Yig 3ng drig Sng
| |
|
2002 { —
Save !
Save As... [V]open.ufm
1502 Export... | |[Z]etine.wfm
Delete
-"1}‘\ v ursor Readout
100 i
L f | Label
Hide
r Reset Position
S0 ——+" i A
‘ _ f Filter (35ps)
Spectrum
Time AT AT/2|  Properties. ..

Cursor 1: 216ns | 30Bps | 153pe 3050 | E7ERH
Cursar 2: 2 47hs 4930 | 3420F

Figure 2-12: The cursor readout for the computed impedance profile waveform

To inspect an area of the waveform more closely, use the Zoom tool. For this
tutorial, you will zoom in on the connector-induced glitch at ~500 ps.

15. Hold the left mouse button down on an empty area near the connector-in-
duced glitch and drag a rectangle over the area to which you would like to
zoom. Make sure that the rectangle you draw is large enough to contain the
waveform feature of interest.

Alternatively, you can right-click in an empty area of the display and select a
desired zoom level or other action from the Context Menu.

16. When you are finished inspecting the glitch, right-click in the window and
choose Zoom to 100 % to return to the original view.
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Using Impedance
Averaging

A Eeeomeing in IConnect(R).wfe - Time Domsin =10 =]
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Figure 2-13: Zooming in and out on a waveform view

The easiest way to read average, minimum, and maximum impedance values is
by using the Single Line Modeling window.

17. Click the Single Line button, or select Model > Single Line.

Model

[

¢/ T = I B B 2E = & 5

Sigle Line

Figure 2-14: The Single Line model button

18. Load a pre-computed impedance profile into the single-line modeling
window, use partitions to select the segment of interest, and select either
Min, Max, or Mean value computation to get the corresponding impedance
value for the given segment. For more information on single-line modeling
window, see the Single and Coupled Line Modeling Tutorial on page 2-48.
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2-14

Using Differential
Impedance Profile

B

TOR/T| St Patiions | Measure Model | Simdste |
500ps Tns 1.8ns 2ns 28ns Ins 38ns Automatic

— .
Partition Z 7
T-

2000

1502

1002

Tektronix

Figure 2-15: Using the Single Line model viewer to measure average impedance

If you are interested in acquiring a differential impedance profile, you need to
follow these additional steps: If the two lines in the differential pair are
symmetric, stimulate the differential pair with a differential stimulus in the TDR
oscilloscope, and acquire the waveform on the positive switching channel (Ch1).
No math in the oscilloscope is required (this is the odd mode impedance).
Acquire a reference open or a short waveform on the same channel, and use it to
compute the odd mode impedance profile. Then, multiply it by 2 to get the
differential impedance. Do not use the negative channel waveforms, as they do
not give you the correct impedance profile.

Alternatively, when you compute the impedance profile, change the characteris-
tic impedance value (Z, right above the Threshold parameter in the impedance
computation window) to 100 €2 from 50 €, and you will get the differential
impedance right away, bypassing the odd mode impedance step.

For the case of differential lines with mild asymmetry, proceed as follows: When
the TDR is in differential mode, and the oscilloscope displays voltage, subtract
the negative switching channel (Ch2) from the positive switching channel Chl
(DUT=Ch1-Ch2).Then, acquire a reference on Chl and multiply it by 2 (or,
acquire reference on both channels simultaneously and subtract Ch2Ref from
Ch1Ref again). Then, use the DUT waveform and the computed reference
waveform to compute the impedance profile and multiply it by 2, or use
characteristic impedance Zy = 100 Q and compute the impedance profile. This
lengthened process accounts for mild non-symmetry in the lines. In any case,
never use the negative switching channel by itself; IConnect does not understand
it and does not treat it properly.
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Eye Diagram Tutorial

This tutorial guides you through the steps necessary to compute an interconnect’s
eye diagram from a TDR oscilloscope transmission measurement. The eye
diagram is a common figure of merit for many interconnect standards and
signaling schemes. The tutorial leads you from a set of raw measurements to the
eye diagram for your device under test (DUT), and allows you to evaluate the
impedance of your device accurately, quickly and efficiently.

What is an Eye Diagram?. The Eye Diagram is a method for visualizing a digital
data stream, in which each consecutive clock cycle is overlaid on top of the first
cycle in the data stream. The digital data pattern may be switching from 1 to 0,
from O to 1, or stay at a 1 or 0 level. As a result, this continuously changing data
stream, observed within a single cycle, produces a display resembling a human
eye, as shown in Figure 2-16.

Figure 2-16: Eye Diagram

The eye diagram was initially used primarily in communications standards, but it
has recently propagated to signaling schemes in other industries, such as
computer (Infiniband, Serial ATA, PCI Xpress), automotive, and consumer
electronics.

IConnect® and MeasureXtractor™ 4.0 User Manual 2-15



Operating Basics

Waveform Acquisition and  You should begin by reviewing Preparing to Take Measurements on page 2-2 if
Setup  necessary.

In addition to standard best practices measurement techniques discussed

in Preparing to Take Measurements on page 2-2, for the Eye Diagram
measurement it is particularly important to select a window that is long enough
that it allows the DUT waveforms to completely settle to its steady state DC
level. You are about to start making high-frequency analysis of the DUT, and you
need to allow the signal to settle to make this analysis accurately.

You also need to make sure that a sufficient number of data points is selected in
the oscilloscope acquisition window. This is particularly critical for analyzing
long interconnects, such as cables. The sample interval should be at most one
third the risetime of the clock signal you will be using to generate the eye
diagram. In the S(f) tab, the S-parameter frequency should be displayed to at
least 1.5/t., where ¢ is the risetime of the clock signal you will use to generate
the eye diagram. The highest displayed frequency (fypper) is related to the time
domain time step (fsep), window length (&yindow) and the number of points (N) as
shown in this equation:

fupper = 1 N ‘/;

iy Lvinion
To follow our example, select Virtual Scope in the drop-down list at the top of
the acquisition window. The virtual scope is a tool for loading waveforms from
your hard drive using the same interface as that used for oscilloscopes. Press the
Instrument Settings tab at the top of the acquisition window to set the Virtual
Scope options. Set the directory to Tutorials\Lossy Line, under the IConnect
installation directory (C:\Program Files\TDA Systems\IConnect\). Set the
filter to *.wfm, and press the Measure tab to begin taking measurements.

Continue by clicking on the Symmetric Coupled Lossy Line model button on
the model toolbar to create an empty lossy line model, as shown in Figure 2-17.
The Lossy Line button may be identified by its picture of a coupled eye diagram.
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Figure 2-17: You can initiate a lossy line model from either the Model menu or from
the Model toolbar

Note that losses are a characteristic of the material of the interconnect. Therefore,
to get the best results, it is important to extract the losses on a transmission line
of controlled impedance. It is possible to extract the losses based on structure
with changing impedance, but if changes are very big, it will be difficult to
extract losses accurately.

Choosing the Proper  On the right side of the window is a smaller window with tabs labeled Measure,
Termination =~ Model, and Simulate. The window comes up initially with the Measure tab
selected. This tutorial uses the matched load approach (measuring a DUT which
is connected to a 50 Q oscilloscope input at the far end). Begin by selecting
Matched from the Type dropdown box, as shown in Figure 2-18.

If you do not have access to the far end of the DUT, which is required to perform
the transmission measurement, you can still measure the eye diagram, but you
have to first go through a complete model creation process for your interconnect.
For more information on lossy line modeling in IConnect, refer to Lossy Line on
page 5-21.
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2-18

Selecting a Reference

DUT Connections
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Select Termination Type

Figure 2-18: Select Termination Type

To compute an eye diagram, you need to obtain a reference and a DUT wave-
form. The reference waveform de-embeds the cable, probe, and fixture from the
measurement, and establishes a measurement reference plane. The reference
waveform can be an open reference, acquired at the end of the cable, fixture, or
probe interfacing your TDR instrument to the DUT.

Alternatively, you can use a through measurement as a reference. Using through
as a reference can be advantageous when a good reflected reference open cannot
be achieved, or to better comply with certain measurement standard procedures,
such as Serial ATA, Infiniband, or PCI Xpress, which provide through structures
on their fixtures for de-embedding the insertion loss of a fixture.

When using the Matched extraction method, TDR waveforms are acquired with
50 € cables connected to both DUT ports, which ensures a 50 €2 termination at
the far end of the DUT, as shown in Figure 2-19. The cables, probes, and
fixtures used to connect the DUT to both channels of the TDR oscilloscope are
assumed by IConnect to be of the same length. In differential mode, transmis-
sion, reference, and aggressor waveforms must be differential (that is, the
negative switching channel is subtracted from the positive switching channel).

For a symmetric interconnect, you can use odd mode waveforms, acquired on the
positive switching channel with the stimulus in differential mode.
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Reference measurement:

Differential stimulus is ON on Reference and transmission on measurement:s
channels M1, M2. Differential stimulus is ON on channels M1, M2.
Reflection is measured on the Transmission is measured on channels M3-M4
same channels M1-M2 Reflection is measured on the same channels M1-M2
O O
0
[
O
O O O O

O O
M1 M4 M1 M4
M2 j [ M3 M2 DUT M3

Fixture 1 Fixture 2 Fixture 1 Fixture 2

Figure 2-19: Measurement connection scheme

Loading Data  With Termination Type set to Matched in the Measure tab, proceed to data
acquisition. Then acquire the three required waveforms for the eye diagram
prediction: Reference, Reflection, and Transmission. First, make sure to select
the appropriate instrument in the Acquisition window. Click the DUT button in
the Select Waveforms group box, and load Reference and Odd Transmission
waveforms as shown in Figure 2-20. You can acquire the appropriate waveform
from the instrument - or load the previously acquired waveforms from disk. Read
the waveform descriptions in the oscilloscope interface window, shown in
Figure 2-21, to capture a proper waveform from the instrument. The two tutorial
waveforms, named Reference.wfm and Transmission.wfm, can be found in the
Tutorials\Eye Diagram with Crosstalk directory under the IConnect installa-
tion directory.

Note that the Reflection waveform is not required to generate the eye. Addition-
ally, you can use the waveforms in this directory to illustrate computation of the
effect of crosstalk from the adjacent lines to the DUT line of the eye.
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2-20
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Figure 2-20: Loading waveforms into the Lossy Line model

View the Insertion Loss. When the waveform is loaded into the loss line TDR/T
viewer, the frequency-domain scattering parameter Sy (insertion loss) will be
automatically computed and displayed in the S(f) waveform viewer. To view it,
click the S(f) tab in the lossy line window. Under the S(f) tab, the S-parameter
frequency should be displayed to at least 1.5/%., where #. is the risetime of the
clock signal you will use to generate your eye. If it is not displayed up to that
frequency, you will need to remeasure your data with increased time resolution
(decreased time step).

Load Reference Waveform @

= With the TDR stimulus turmed on, disconnect the DUT fam the end of
‘j!) your cable, probe or fisture, and acquire the reference open waveform.
Make sure to exclude the first transition, coresponding to the interface

between the sampling head and the cable, from the acquisition window.
Help Fress the Help button to see a picture

Fiead wWavefom Frome &+ File 7 Viewer " itual Scope
Loak in: ‘_} Lossy Line ﬂ o EF =
|ZyExample Files
;Breference

Breflection

B transmission

File name: eference)
Files of twpe:  |'waveform Files [*.wim) ﬂ Cancel

Figure 2-21: Instrument interface window
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Display the Eye ~ Now you can evaluate the deterministic jitter contributed by your device. To
generate an eye diagram, click the Simulate tab on the right side of the lossy line
model window. In the Eye Diagram group box, click the Display button in
order to generate and view an eye diagram based on the default eye diagram
parameters.

M easure I Madel Simulate

— Compozite Madel

Simulate |

Sawe Generated Models
¥ Autornatically

— Eye Diagram
Diizplay | Opticrs... |

— Eve Diagram Mask.
Mewn | Load I

tdask Hame: I
[CleanfiEst |

Figure 2-22: The Display button in the Eye Diagram area
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Figure 2-23: Eye diagram display
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Eye Diagram Options

Display the Final Eye

2-22

If you would like to customize the eye diagram parameters, click the Options...
button to display the Eye Diagram and Mask Options dialog, which allows
you to set the eye parameters and define the eye mask.

DUT Eye Diagram And Mask Options EJ

Sequence Timing Info

scudo Fiandan Data Rate: 26 bit's Bitwidth 500p
Length |2°71(127)  w| Longerlengths Risetime: 6lp 3
in the eye but

il Method: |1090% v
i
Repect [ 1] tines ke more time =
Step Valtages Compute Response From
Ma [ BV T ——
Load Defauls | Save s Defaks| |
Min: oy " Model
How bask| I

0s 10ps  20ps  30ps  400ps  SO0ps
R | | | | | 1
57—
w—
W
27—
v
v
1y

JA0]
ST

Figure 2-24: Eye Diagram and Mask Options dialog

Sequence. Select the desired sequence for your application, or choose Custom
and enter your own sequence.

Timing Info. Data rate or bit width determine the speed at which the eye diagram
is displayed; bit width = 1/ data rate (gigabit). Risetime cannot be more than
50% of the period and typically is much less.

Step Voltages. Select the desired voltages for your application.

Compute Response From. Set to Measurement. The measurement-based eye is
an exact conversion of the transmission into the eye, whereas a model-based eye
accuracy will depend on the accuracy of the model.

Once you have customized the options, click Display again to recompute the eye
diagram as shown in Figure 2-25. If the eye diagram appears “jagged” and
“broken,” the most likely cause is that the time step is not small enough to
produce frequency domain data up to the required frequency. Re-acquire the data
with a shorter acquisition window or larger number of points in the window.
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Eye Diagram Zooming
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Figure 2-25: Display the eye diagram

When zooming in on an eye generated with long data sequences, you will be
asked to choose the zoom method as shown in Figure 2-26. Choosing Continue
is the fastest method, but you will be viewing the zoom area at less than full
resolution. Choosing Recompute is the slowest but most accurate method.
Choosing Resize will return you to the eye diagram you originally viewed.
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Figure 2-26: Choose the zoom method

When recomputing the eye diagram, if the computation takes too long, you can

use the Cancel button to cancel the computation.
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2-24

Eye Masking Testing

Measure Jitter

You can set up your mask to perform electrical compliance testing with such
standards as PCI Xpress, SATA, Infiniband, and XAUI.

As shown in Figure 2-27, you can select the appropriate polygon (2 is the main
central polygon, 1 and 3 are the upper and lower polygons). The vertices of the
eye mask can be moved by hand. Click Apply to apply the eye mask to existing
eye, or Save to save the eye mask information into a file. Eye mask information
can also be saved as part of a lossy line model.
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Figure 2-27: Select a polygon

Click Enable Eye Measurements at the bottom of the eye window shown in
Figure 2-28, and you will be able to read eye width and height, as well as
peak-to-peak jitter and amplitude noise. Amplitude noise can be read at the high
or low levels. Note that interconnects generate only deterministic jitter, and there
is no meaning for “RMS” jitter.
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Figure 2-28: Display the eye measurements

Correlation  In the eye diagram measurement for an interconnect, you characterize the
deterministic jitter due to crosstalk and losses in the passive, linear interconnect
system. As a result, TDR-based eye diagrams are the exact representation of the
eye diagram degradation for the given interconnect. This is true as long as the
measurement is performed with sufficient accuracy and care to characterize a
given interconnect to a frequency that is at least 1.5/t,, where £ is the risetime of
the clock signal you will use to generate your eye.

Figure 2-29: Directly measured eye diagram response
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Figure 2-30: Eye diagram response from TDT measurements

Eye Diagram Accuracy. Despite the simplicity of the TDR transmission eye
diagram measurement process, there are questions of accuracy. This tutorial
compares eye diagram measurements in [Connect using a TDR oscilloscope
transmission measurement with eye diagram measurements using a system based
on a bit-error-rate tester or a pattern generator and a sampling oscilloscope.

Since this procedure characterizes only the deterministic jitter due to crosstalk
and losses in the passive, linear interconnect system, a TDR-based eye diagram
for the interconnect is effectively the exact representation of the eye diagram
degradation for the given interconnect. As such, TDR-based eye diagram
computation is correct by design.

To confirm this, the tutorial includes several examples of correlation of
TDR-based eye diagram measurements to directly measured eye diagrams. As
long as the TDR transmission measurement is performed with sufficient
accuracy and care to characterize a given interconnect to a frequency that is at
least 1.5/t (where . is the risetime of the clock signal used to generate the eye
diagram), the eye diagram will be correct.
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System Eye Diagram

The eye diagram measured in IConnect shows signal degradation due to
interconnect losses and crosstalk. In order to obtain a complete picture for the
digital system eye diagram, the designer needs to extract the lossy coupled
models for the interconnects in IConnect TDR and VNA software, and simulate
propagation of the signal from a real digital I/O driver into these interconnect
models in a simulator that has eye diagram display capability.

Connector Connector

Board Daughter card Backplane

T

Cable

Figure 2-31: System used to measure and predict the eye diagram

S-Parameter Computation Tutorial

What are S-Parameters?

This tutorial guides you through the steps necessary to obtain the single ended or
differential S-parameters and insertion and return loss for an interconnect from
Time Domain Reflection (TDR) and Transmission (TDT) measurements.
Frequency-domain scattering parameters are a useful way to visualize the
electrical properties of a system. This tutorial leads you from a set of raw
measurements to a complete set of S-parameters for your device under test
(DUT), and allows you to evaluate the insertion and return loss of your device
accurately, quickly, and efficiently.

S-Parameters and TDR/T Data. Frequency-domain scattering parameters (S-param-
eters) are a useful way to visualize the electrical properties of a system. They are
a dual representation of TDR and TDT data in the frequency domain. Although
S-parameters have historically been measured in the frequency domain using a
network analyzer, the same information is contained in TDR and TDT measure-
ments.

Differential and mixed mode S-parameters can be obtained from corresponding
TDR oscilloscope data. From a practical standpoint, TDR/T-based S-parameters
are much simpler and quicker to obtain, while providing more than sufficient
dynamic range. In addition, a designer who already has a TDR oscilloscope can
save money by not buying a network analyzer, and using the TDR oscilloscope
with IConnect TDR and VNA software instead.
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Waveform Acquisition and

2-28

Setup

Begin by reviewing Preparing to Take Measurements on page 2-2 if necessary.

Acquisition Window. In addition to the best practices outlined in Preparing to
Take Measurements on page 2-2, for the S-parameter measurement it is
particularly important to select a window that is long enough to let the DUT
waveform completely settle to its steady-state DC level. High-frequency analysis
of the DUT requires that you let the signal settle to make an accurate analysis.

You also need to make sure that enough data points are selected in the oscillo-
scope acquisition window. This is particularly critical for analyzing long
interconnects, such as cables. The upper frequency limit of your measurement is
determined as:

=1 __N_ _ 1
fupper - 2t - 2t and f:vtep - t

window window window

where N is the number of points in the acquisition window, e, is the time step,
and #yindow 18 the acquisition window length. Thus, to get S-parameter data to the
desired upper frequency f,pper, you will need to make sure that the ratio between
the number of points and window length is sufficient.

To get the desired frequency step, you will need to make sure that the window
length is sufficient. When working with long cables, it is generally a good idea
to keep the number of points at the maximum number allowed for a given
instrument. Furthermore, to increase the dynamic range of the measurements, it
is important to keep the number of averages and number of points to the
maximum, and the window as short as possible, as the equation below indicates:

Nav
SNR(N,Nyg) = SNR(N,Nog) - Nﬂo e -

Make sure to use heavy averaging in your instrument. Using 128 averages will
give an extra 20dB or dynamic range; use at least that many if your instrument
averages quickly. Keeping the acquisition window as short possible maximizes
the effective power.

When dealing with differential measurements, you need to make sure that your
signals arrive at the DUT at the same time. You can follow the deskew procedure
in your oscilloscope manual, and having observed the difference in delays
between the two channels in differential mode, adjust for half of that difference
by using delta TDR function in the oscilloscope.

Tutorial Waveform Data. To follow our example, select Virtual Scope in the
drop-down list at the top of the acquisition window. The Virtual Scope is a tool
for loading waveforms from your hard drive using the same interface as that used
for oscilloscopes.
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Click the Instrument Settings tab at the top of the acquisition window to set the
Virtual Scope options. Set the directory to C:\Program Files\TDA Sys-
tems\[Connect\Tutorials\Lossy Line. Set the filter to *.wfm, and click the
Measure tab to begin taking measurements. Select the waveforms Reflec-
tion.wfm, Transmission.wfm, and Open.wfm from the acquisition window.
Press the Acquire button, which opens up a new waveform viewer containing
the two waveforms.

S-Parameter Data  To compute S-parameters, you need to obtain a reference and a DUT waveform.

Acquisition
q The reference waveform de-embeds the cable, probe, and fixture from the

measurement, and establishes a measurement reference plance. The reference
waveform can be an open reference, acquired at the end of the cable, fixture, or
probe interfacing your TDR instrument to the DUT. Alternatively, one can use a
through measurement as a reference. Using through as a reference can be
advantageous when a good reflected reference open cannot be achieved, or to
better comply with certain measurement standard procedures, such as Serial
ATA, Infiniband or PCI Xpress, which provide through structures on their
fixtures for de-embedding the insertion loss of a fixture.

A DUT waveform can be any waveform measured from the DUT: forward
reflection (TDR), forward transmission from channel 1 to channel 2 (TDT),
backward reflection or backward transmission from channel 2 to channel 1 (in
which case the signal is going to be launched from the second output of the TDR
sampling head). The corresponding S-parameters will be S1; (forward TDR), S»¢
(forward TDT), S (backward TDR) and S15 (backward TDT). When measuring
frequency domain crosstalk, just like in time domain, you would be measuring
TDT to the adjacent channel, resulting in S7; into an adjacent channel. Please
note that even if you are taking TDR (return loss) measurement, the far end of
the device must be terminated with 50 €.

TDR stimulus on channel 1, TDR stimulus on channel 2,
response on channel 1 response on channel 1

\

S, <>TDR,, S, <>TDT,,
S, <>TDT,, S, <>TDR,,

TDR stimulus on channel 1, TDR stimulus on channel 2,
response on channel 2 response on channel 2

Figure 2-32: Mapping between scattering parameters and TDR/T measurements
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DUT Connections

Differential, Common, and

2-30

Mixed Modes

The TDR waveform in the S-parameter computation must be acquired with the
50 €2 cables connected to both DUT ports, thus ensuring a 50 €2 termination at
the far end of the DUT. The cables, probes or fixtures used to connect the DUT
to both channels of the TDR oscilloscope are assumed to be of the same length.
In differential mode, both transmission and reference must be differential (that is,
negative switching channel subtracted from the positive switching channel).

Reference measurement:

Differential stimulus is ON on Reference and transmission on measurement:s
channels M1, M2. Differential stimulus is ON on channels M1, M2.
Reflection is measured on the Transmission is measured on channels M3-M4
same channels M1-M2 Reflection is measured on the same channels M1-M2
O O
0
O
O
O O O O

O O
M1 M4 M1 M4
M2 j [ M3 M2 DUT M3

Fixture 1 Fixture 2 Fixture 1 Fixture 2

Figure 2- 33: Measurement termination scheme

For a symmetric interconnect, you can use odd mode waveforms, acquired on the
positive switching channel with the stimulus being in differential mode. Please
note that even if you are only taking a TDR (return loss) measurement, the far
end of the device must be terminated with 50 €2 on each port. 100 Q differential
termination is acceptable for differential response measurements.

For differential, common mode and mixed mode S-parameters, the same applies
- a reference and a DUT waveform are required. Before beginning the measure-
ments, however, make sure to follow the procedure for your TDR instrument to
align the TDR sources at the DUT measurement reference plane. For differential
stimulus waveforms, the oscilloscope must have the two stimulus signals
switching in opposite directions. For common mode stimulus waveforms, the
oscilloscope must have the stimuli switching in the same direction. For
differential response, subtract one response channel from the other. For the
common mode response, add the two response channels together.

Differential S- Parameters. If the two lines in the differential pair are symmetric,
stimulate the differential pair with a differential stimulus in the TDR oscillo-
scope (stimuli channels switching in the opposite direction), and acquire the
waveform on the positive switching channel (Chl). If you use a reference open
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waveform, you acquire it on the same channel, and use it to compute the
differential S; (return loss).

For insertion loss, examine the transmission waveform on the positive switching
channel (most likely Ch3). If you are using a transmission without the DUT in
place as a reference, you will be acquiring it on the same channel.

Differential TDR stimulus, differential response
Sna «>TDRy gy  Spa <> TDhy

PoeeIDR [, «IDT,

Smﬂ' HTDTHH SIIEH Hrﬂ&zﬁ ¥, &IDR,. §. DA,
helli, [, e, I, eDi, [, alDf,

Yp.8I0L,, §. eIDr,, §, ®ID0 ¥y, BIIR,

Figure 2- 34: Differential-Differential block of mixed mode S-Parameters

For a case of differential lines with mild asymmetry, proceed as follows: when
the TDR is in differential mode, and the oscilloscope displays voltage, subtract
the negative switching channel (Ch2) from the positive switching channel Ch1
(DUT = Chl - Ch2). Then, acquire reference on both channels simultaneously
and subtract Ch1Ref - Ch2Ref again. Now, use the DUT waveform and the
computed reference waveform to compute differential S1q. Again, for insertion
loss, use the difference between positive and negative switching transmission
channels (most likely Ch3 - Ch4). This latter procedure should always be used
when acquiring data for frequency domain crosstalk computation.

Common Mode S- Parameters. The same discussion as for differential S-parame-
ters applies, except the stimulus used must be a common mode stimulus (stimuli
channels switching in the same direction). In addition, for traces with asymme-
try, you will need to add the appropriate channels instead of subtracting them
(reference is produced from Ch1Ref+Ch2Ref, common mode Si; or return loss
from Ch1+Ch2, and common mode Sy or insertion loss from Ch3+Ch4). See
Figure 2-35.

Common mode TDR stimulus, common mode response
v ETDR,, K, e#IDT,, §,,©IIR, §, ©II7,
« B0, [, 0D, [, 9lk, [, D>},

L €¥IDR,, K, €eIDT,, Succ HTDR]].M 'Sllrxz (—)Tﬂfih

5,
L
L
§,. €105, K, €05,

Spe e TDT . Spo ¢ TDR,.,

Figure 2-35: Common-Common block of mixed mode S-Parameters
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Compute S- Parameters

2-32

Mixed Mode S- Parameters. Mode conversion parameters are much less important,
but if you need to obtain them, proceed using the same process as for common
mode S parameters, except for the following. For differential-to-common mode
conversion the stimulus is differential, whereas the acquisition is performed only
using the sum of the channels (reference is produced from Chlref-Ch2ref,
differential-to-common mode conversion Sy or return loss from Ch1+Ch2, and
differential-to-common mode conversion Sy; or insertion loss from Ch3+Ch4).
For common mode to differential mode conversion, the stimulus is common
mode, whereas the acquisition is performed using only the difference between
the channels.

Normally, the differential-to-common mode differences should be 0 across the
acquisition window; when there is skew, however, they will be non-zero and will
produce non-zero frequency dependent mode conversion.

Mixed mode

Sll.i.'.: Az TDRII&
Sas ©TD .,
Sl'.‘ni A T'DTHIH
Sy € TR,

§,. ®#TDR,. §,. &IDT,.
S B IDT,, 5, 6IIR,,

Fag € TDT s,
S, ©TOR L,
Sl:l.na’. A TDR‘]J..:&

b, ©IDR, [, 8I0T,
L =

Fo. 8IDL,, 5., &IDR,,

Figure 2-36: Mode Conversion block of mixed mode S-Parameters

If the Compute window is not visible, select S-Parameter from the Compute
menu. The scattering parameter is computed from the computation window by
choosing S-Parameter from the Compute list box as shown in Figure 2-37, or
by clicking on the separate ‘S’ button on the toolbar. From the drop-down list
box titled Ref:, choose your reference waveform.
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Figure 2-37: Computing S-Parameter

From the list box titled DUT: choose the measured response of the DUT to the
input step. Click the Compute button, and a new frequency-domain waveform
viewer will be created with the scattering response in it.

S-Parameter Options  Additional options are available when computing S-Parameters, as shown in
Figure 2-38. First, you can let IConnect determine the highest frequency content
of the data, or you can check the Set Manually check box and enter the desired
delta_t and F_upper values. Furthermore, you can choose to perform a 50 €2
calibration, using a precision 50 €2 standard at the DUT reference plane. You also
have a choice between open, short, and through reference.

NOTE. The 50 L2 calibration waveform is ignored for insertion loss/crosstalk
measurements if a through reference is used.
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Calibration

Choosing the Data Display

2-34

Compakation =

TD SourceWavelom Wiewer

[ TD wavstom Wiewer 1 _'J
FIO' Tatgest wanealoarm Siswer
[T —T —
Wiaveforms

DUT: [iramzrrission. wir =

Rt [lsference wim -

Fraqueny content
[ Set manuslly

Max AF | 200 Hz
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Figure 2- 38: S-Parameter fields in the Computation dialog box

Calibration methods are often used to remove the effects of the fixturing used to
measure the DUT. The calibration implemented in IConnect is a short version of
a standard S-O-L-T (Short-Open-Load-Thru calibration), which provides
sufficient accuracy for digital signal integrity measurements and digital design
electrical compliance tests. It is critical to remember, however, that the accuracy
benefits that calibration provides only manifest themselves when high-quality
calibration standards are used, and when the measurement repeatability is
ensured. Measurement repeatability is always important to improving accuracy.

It should be noted that for most signal integrity and digital design tasks, good
measurements could be obtained even without calibration, if quality cables and
connectors are used.

Note that since the tutorial uses a forward TDT (transmission) waveform of the
DUT, the resulting S-parameter is Sy (insertion loss). If you use a TDR
(reflection waveform), you will obtain return loss; if you use TDT into the
adjacent line, you will obtain crosstalk in frequency domain.
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Right-click in the frequency domain waveform viewer, select Plot, and choose
the desired format for the S-parameter display as shown in Figure 2-39. The
most common display in signal integrity is dB(Mag)/Phase. Right-click on the
displayed waveform, and select Cursor Readout to view the values.

.
| =

e |
[ =
| et

=
| —
-
|—1

Figure 2- 39: Single-ended S,; data computed from TDT measurement

Differential Example  Figure 2-40 is an example of differential return loss (S114q parameter) in

IConnect. Right-click in the frequency domain waveform viewer, select Plot, and
choose the desired format for the S-parameter display. The most common display

in signal integrity is dB(Mag)/Phase. Right-click on the displayed waveform,
and turn on cursor readout to view the values.
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Figure 2- 40: Differential S-Parameter example

S-Parameter Window. Please note that the S-parameters can also be computed by
opening any of the modeling windows (for example, the lossy line modeling
window, as shown in Figure 2-41 ), loading the appropriate data, and clicking on
the S(f) tab as shown in Figure 2-41. The S(f) tab lets you view your measure-
ments and model response in the frequency domain.

IConnect Lossy Line
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Figure 2-41: The S(f) tab
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Exporting Touchstone

IConnect® and MeasureXtractor™ 4.0 User Manual

You can export the data in your comma-separated values (csv) or Touchstone
format, Touchstone being the standard S-parameter interchange format, using the
File/Export menu as shown in Figure 2-42. You can export 1-port, 2-port,
4-port single-ended and 4-port differential S-parameters.
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Figure 2-42: Exporting Touchstone data

Exporting S2P and S4P. You will need at least three waveforms in your frequency
domain viewer to export a 2-port Touchstone file if your DUT is reciprocal (S21
= S12). You will need four waveforms if it is non-reciprocal.

Figure 2-43: Export a 2-port Touchstone file

You will need at least 10 waveforms to export a 4-port Touchstone file if your
DUT is reciprocal, and 16 waveforms if it is not.
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Figure 2-44: Export a 4-port Touchstone file

Most interconnect networks are reciprocal.

Correlation  Figure 2-45 provides an excellent illustration of correlation between a TDR-
based insertion loss computed in IConnect and a VNA insertion loss up to
12 GHz.
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TDR/T S ]HLEC ] Eye Dizgram Maasure  Model ISimuIale]
0Hz 2GHz 4GHz EGHz BGHz 10GHz 12GF Laoss Parameters

» T | Fix

| Mag — Rgs| B52m=z [

Ggc 84.8n 5 I

Fac|  B595u @M

Gac 4300 SMz [
Lee nH T
Coo 224pF

Optimization

< | Compute | Optiorz...

Figure 2-45: Correlation example
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Lumped LC Computation Tutorial

This tutorial guides you through the steps to obtain accurate inductance and
capacitance measurements. This is a relative measurement technique, which is
based on two comparative measurements with and without the Device Under
Test (DUT) in place, and is based on the JEDEC document JEP-123 and the IBIS
standard for measuring L and C. The tutorial leads you from a set of raw
measurements to accurately measured L and C values, and enables you to
evaluate the model and verity its accuracy.

This technique can be used to measure the inductance or capacitance of a
package, connector, via, or an active device I/O buffer capacitance.

Validity of L and C Models. The JEDEC and IBIS standard techniques for L and C
computation described here are only valid if your DUT is electrically short
compared to the rise time of the signals propagating through it (tz,; << se). If
the device is not electrically short, the DUT cannot be described using a simple
lumped or lumped coupled model, whether obtained through the techniques
described here or any other time or frequency domain measurement technique. A
distributed model, based on the impedance profile computed in IConnect, must
be used instead, or the DUT must be split into shorter subsegments, each such
subsegment shorter than the signal rise time. For practical purposes, the electrical
length of the DUT must be 2 to 3 times shorter than the rise time of the signals.

Vref short

Figure 2-46: Computation of L and C

Waveform Acquisition and  Begin by reviewing Preparing to Take Measurements on page 2-2 if necessary.
Setup  For LC measurements, it is particularly important to select a window that is long
enough to allow the DUT waveform to completely settle to its steady state DC
level. Since you are performing a steady-state analysis of the DUT, you need to
allow the signal to settle to make this analysis accurately.

The asymptotic capacitance and inductance computation are accessed via the
computation window, from the Compute menu, as shown in Figure 2-47. The
computation to be performed is chosen from the computation drop-down, which
causes the drop-down list boxes and their labels in the Waveforms group to
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Measurement Setup Tips

2-40

adjust for data entry. It may be necessary to choose a waveform viewer from
which to choose the input waveforms for the computation. This viewer also
receives the resulting waveform once it is computed.

Connect® and MeasureXtractor(TM)

File Edit View NeELEFEN Model Simulate Tools Window Help
J 0= n| Filter Waveform §T T T =
Z4dine
Step Spectrum
S+Parameter

C-Self

L-Mutual
C-Mutual

Flip Waveform
Waveform Math

Figure 2-47: Choosing self inductance computation from the main menu

To follow our example, select Virtual Scope in the drop-down list at the top of
the acquisition window. The virtual scope is a tool for loading waveforms from
your hard drive using the same interface as that used for oscilloscopes. Press the
Instrument Settings tab at the top of the acquisition window to set the Virtual
Scope options. Set the directory to Tutorials\I/O Buffer Capacitance, under the
IConnect installation directory, C:\Program Files\TDA Systems\IConnect\. Set
the filter to *.wfm, and press the Measure tab to begin taking measurements.

Select the waveforms Fixture_open.wfm and DUT_open.wfm from the
acquisition window. These are the waveforms with the ATE fixture and socket
for the given device with and without the actual device in the socket. Press the
Acquire button, which opens up a new waveform viewer containing the two
waveforms.

Wait for steady state. Each of these methods is based on the DC relationships
between charge and voltage (capacitance) and flux and current (inductance). For
this reason, it is necessary that all waveforms reach a steady state value in order
to get accurate results.

Use the correct reference waveform. Parasitic measurements require information
on what the ideal response would be - open circuit for self capacitance, or short
circuit for self inductance. Mutual measurements require only input information
to determine the initial and final voltage and values.
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Pay attention to quiescent nearby leads or lines. Also pay attention to the far ends
of the lines under test. For capacitance measurements, the lead(s) in question
should be open-circuited at the far end, and adjacent leads short-circuited to
ground. For inductance measurements, this arrangement is reversed.

Self Inductance  In the computation window, choose L-Self as your computation, as shown in
Figure 2-48. In the DUT: waveform chooser, select the measurement of your
DUT short-circuited at the far end. For the Short: waveform chooser, select the
reference waveform that corresponds to your measurement system shorted where
the DUT would normally be placed. It may be necessary to enter the characteris-
tic impedance and step amplitude for your measurement system before perform-
ing the computation, or change the step amplitude to the correct value.

Once these parameters have been chosen, pressing the Compute button performs
the computation.

The resultant waveform will be placed in the chosen waveform viewer and the
inductance is measured as the final asymptotic level that the inductance
waveform reaches. If the cursors are used to make the measurement, they read
directly in units of Henries.
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Self Capacitance
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Figure 2-48: Displaying a self inductance measurement

In the computation window, choose C-Self as your computation, as shown in
Figure 2-49. In the DUT: waveform chooser, select the measurement of the DUT
open-circuited at the far end. In the Open: waveform option, select the reference
waveform, which corresponds to the measurement system open-circuited where
the DUT would normally be placed.

It may be necessary to enter the characteristic impedance and step amplitude for
your measurement system prior to performing the computation, or change the
step amplitude to the correct value. Once these parameters have been chosen,
pressing the Compute button performs the computation.

The resultant waveform will be placed in the chosen waveform viewer, and the
capacitance is typically measured as the final asymptotic level that the capaci-
tance waveform reaches. If the cursors are used to make the measurement, they
read directly in units of Farads.
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Figure 2-49: Displaying a self capacitance measurement

Mutual Inductance  In the computation window, choose L-Mutual as your computation, as shown in
Figure 2-50. In the DUT: waveform option, select the measurement of the
near-side crosstalk on the quiescent line with adjacent leads open at the near end,
short-circuited at the far end. In the Short: waveform chooser, select the
waveform that corresponds to your measurement system shorted where the DUT
would normally be placed. In the Background: waveform option, select the
background waveform, which is acquired on the channel used to measure the
DUT waveform when the DUT is disconnected.

It may be necessary to enter the characteristic impedance and step amplitude for
your measurement system prior to performing the computation.
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Mutual Capacitance

Once the above parameters have been chosen, pressing the Compute button
performs the computation. The resultant waveform will be placed in the chosen
waveform viewer, and the inductance is typically measured as the final asymptot-
ic level that the inductance waveform reaches. If the cursors are used to make the
measurement, they read directly in units of Henries.
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Figure 2-50: Displaying a mutual inductance measurement

In the computation window, choose C-Mutual as your computation, as shown in
Figure 2-51. In the DUT: waveform option, select the measurement of the
near-side crosstalk on the quiescent line with adjacent leads shorted at the near
end, open-circuited at the far end.

In the Open: waveform choice, select the waveform that corresponds to your
measurement system open-circuited, where the DUT would normally be placed.
In the Background: waveform option, select the background waveform, which
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is acquired on the channel used to measure the DUT waveform when the DUT is
disconnected.

It may be necessary to enter the characteristic impedance and step amplitude for
your measurement system prior to performing the computation. Once the above
parameters have been chosen, pressing the Compute button performs the
computation. The resultant waveform will be placed in the chosen waveform
viewer, and the capacitance is typically measured as the final asymptotic level
that the waveform reaches. If the cursors are used to make the measurement, they
read directly in units of Farads.
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Figure 2-51: Displaying a mutual capacitance measurement
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1/0O Buffer Input
Capacitance

Simulate

As shown in Figure 2-52, In the DUT: waveform chooser, select the

DUT _open.wfm, the waveform of the fixture with the packaged part inside the
socket. In the Open: waveform option, select fixture_open.wfm, the waveform
of the fixture without the part inside the socket.

Follow the same procedure as for general C-Self for computation of input die
capacitance. In the computation window, choose C-Self as your computation.

It may be necessary to enter the characteristic impedance and step amplitude for
your measurement system prior to performing the computation, or change the
step amplitude to the correct value.

Once these parameters have been chosen, pressing the Compute button performs
the computation. The resultant waveform will be placed in the chosen waveform
viewer, and the capacitance is typically measured as the final asymptotic level
that the capacitance waveform reaches. If the cursors are used to make the
measurement, they read directly in units of Farads. In this case, the reading is
4.6 pF.

|
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|
Read /O buffer

capacitance value

Figure 2-52: Extracting I/O buffer capacitance

Even though the computational methods described above are standardized by
JEDEC and the IBIS Accuracy Standard, it is important to verify the accuracy of
the computed values by running a simulation and comparing it against a
measurement. Use either a Lumped or Lumped Coupled model, as shown in
Figure 2-53, for the device model, depending on whether you are required or not
required to compute mutual parameters and crosstalk.
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Set up a new Composite model viewer, add a TDR source, device model and

termination, and run a simulation to validate the model. For more information on
running a simulation and validating a model in IConnect, refer to Simulation on

page 6-1.
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Figure 2-53: IConnect lumped model editor
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Figure 2-54: IConnect lumped coupled model editor
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Single and Coupled Line Modeling Tutorial

Waveform Acquisition and
Setup
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This tutorial guides you through the steps necessary to obtain single and coupled
lossless transmission line model in [Connect. The single and coupled transmis-
sion line model allows you to simulate the reflections, ringing and crosstalk in
your interconnects, and is useful for short transmission line segments, electrical-
ly long packages and connectors, single-ended, differential, and coupled.

This tutorial leads you from a set of raw measurements to a complete SPICE
model, and allows you to evaluate the model and verify its accuracy. Should you
have additional questions about this tutorial, see Single Line on page 5-9 or
Symmetric Coupled Lossy Lines on page 5-29 in the IConnect reference manual,
or contact us to get more information through our technical support.

Single- Ended and Differential TDR. Single-ended and differential TDR modeling
techniques allow you to extract accurate transmission line impedance for the
traces on the board, differential and coupled transmission line models, as well as
self and mutual inductances and capacitances of vias and other lumped compo-
nents in the system. The same techniques are applicable for characterization of
package, socket, connector and cable interconnects that are electrically long. The
interconnect is electrically long when the rise time of the signals propagating
through these interconnects is much longer than the electrical length of the
interconnect.

You should begin by reviewing Preparing to Take Measurements on page 2-2 if
necessary. It contains useful information on setting up your instrument to
communicate with IConnect, as well as suggestions for taking good measure-
ments.

A Single Line window can be created either from the Model/Single Line menu
item, or by using the Single Line button on the Model Toolbar. The Symmetric
Coupled Line Model can be launched from the Model/Symmetric Coupled
menu item, or by using the Symmetric Coupled button on the Model Toolbar.
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Figure 2-55: Creating a Single Line or Symmetric Coupled Lines model

DUT Connections  For single line modeling, TDR waveforms must be acquired with only channel
M1 connected to the DUT. The termination on the far end of the DUT is not
important, and can be a short, an open, matched (50 ) or any other impedance
value.

In differential or common mode, both transmission and reference measurements
must be differential (the negative switching channel is subtracted from the
positive switching channel) or common mode (the two positive switching
channels are added together).

For a symmetric interconnect, you can use odd and even mode waveforms,
acquired on the positive switching channel with the stimulus being in differential
(for odd mode data) or common mode (for even mode data).

It is important to de-skew the TDR oscilloscope channels while doing differen-
tial measurements. Follow your oscilloscope de-skewing procedure before
acquiring differential data.
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Reference measurement:
Differential stimulus is ON on
channels M1, M2.

Reflection is measured on the
same channels M1-M2

Reference and transmission on measurement:s
Differential stimulus is ON on channels M1, M2.
Transmission is measured on channels M3-M4
Reflection is measured on the same channels M1-M2
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Figure 2-56: DUT setup for differential reference, reflection, and transmission

Two waveforms will be required for single line modeling - a reference open
waveform and a reflection waveform. In the case of a symmetric coupled line
model, the two reflection waveforms must be acquired - in odd mode and even

mode configurations.

Read the waveform descriptions in the Load Reference Waveform dialog box,
shown in Figure 2-57, to capture a proper waveform from the instrument. The
tutorial waveforms, named Open.wfm and DUT.wfm, can be found in the
Tutorials\Single Line directory under the IConnect installation directory.

Load Reference Waveform @

. *with the TDR stimulus turmed on. disconnect the DUT from the end of
\) wour cable, probe or fisture, and acquire the reference open waveform.
Make sure to exclude the first transition, comespanding to the interface
between the sampling head and the cable, from the acquizition window:
Help Presz the Help button to see a picture
FRead waveform From:  © File " Viewer " Wittual Scope
Look in: | () Single Line 250m\ step j B E-
[#)our
B Cpen
B Shart
[#)ztine
File hame: Open)
Files of type: |Wavefo|m Files [*.wfm] j Canicel

Figure 2-57: The Load Reference Waveform dialog box
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Figure 2-58: Loading reference and reflection waveforms into the single line model

Computing Z-Line  Now make sure that the type of termination selected in the Termination Type
drop-down box matches the actual termination at the end of your DUT. If your
interconnect DUT terminates into a high-impedance I/O buffer, choose Open
termination type, since a simple model for such buffer consists of an input buffer
capacitance and an open termination.

Click Compute and the impedance profile (Z-line) is computed and displayed in
the Partitions window. In the case of the symmetric coupled lines model, you
will have two impedance profiles - Odd and Even - displayed simultaneously. To
learn more about impedance profile computation, see the True Impedance Profile
(Z-Line) Computation Tutorial on page 2-6 or Impedance Profile Computation
on page 9-4.
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Figure 2-59: Compute the impedance profile by pressing the Compute button

Windowing the Data  Click on the Model tab. Select the green cursor on the left, and move it to the
beginning of the waveform response, which occurs around 250 ps. Select the
green cursor on the right, and move it to the end of the waveform response,
which occurs around 2.5 ns. By placing these two cursors, you are windowing
out the portions of the waveform (covered by yellow) that correspond to the
measurement setup rather than to the DUT itself.
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Figure 2-60: Windowing out the part of the response you don’t want to model

Partitioning Details  Even though IConnect automatically partitions the waveform, it is important to
know how to place these partitions (to know where one line begins and the other
one ends) in case you need to adjust the partitions placed by IConnect. When the
TDR step propagates through the interconnect, the TDR waveform stays at a
steady level. As soon as it sees the next transmission line with a different
impedance in its path, it begins to change. Therefore, you place the partitions
where the waveform begins to change.

The same rule applies to transmission lines and lumped elements (capacitances
and inductances) since a capacitance or an inductance is just a very short piece of
transmission line. Typically, you partition at the peaks of lumped elements, and
select Mean value computation from the Impedance drop down box.

You can zoom in the Partitions window by holding down Control-Shift while
dragging out the zoom area with your mouse.
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Other Practical Details

Symmetric Coupled Model
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Details

As a general rule, partitions can be created at the right edge of a segment of
fairly constant impedance, and the impedance value assigned using the Right
Edge criteria. This approach results in accurate models for many types of
structures. However, your choice of partition size and type should be based on
your own judgment to achieve a simple model which is accurate enough for your
needs.

Remember, a transmission line of delay T requires a risetime less than 27; to
resolve it. In other words, any segment with 7;; <7, /2 need not be modeled,
where 7, is the risetime of the target system in which the model will be used.
Each of the partitions uses T-Line topology with a single segment. Note that
additional RLGC topologies are available for other modeling applications.

Figure 2-61: Single line partitioning examples

The files for this symmetric coupled line modeling example are found in the
directory Tutorials/Coupled Lines under the IConnect installation directory.
Open the Symmetric Coupled Line modeling window, and load the required even
(even.wfm), odd (odd.wfm) and reference (short,wfm) waveforms using the
appropriate buttons under the Measure tab. Click the Compute button, and use
the same partitioning procedure as that for the Single Line model.

For our symmetric coupled line example, it may be instructive to note that the
physical structure from which the measurements were taken was a set of two
coupled lines, which diverged to SMA connectors at either end. From this
knowledge, you would expect to see, qualitatively speaking, a coupled section in
the middle of the model, and two short uncoupled sections at either end.

The question remains, however, as to the degree of coupling and the lengths of
the coupled and uncoupled segments. The leftmost partition can be seen to be
uncoupled, since the even- and odd-mode responses are the same. To inform
IConnect of this fact, select the leftmost partition and uncheck the Coupled
checkbox. Its edge is where the even- and odd-mode impedance profiles begin to
diverge.
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Figure 2- 62: Partitioning the first, uncoupled segment

The second partition, highlighted in blue, is obviously coupled, since the even-

and odd-mode impedances are different from each other. If this partition is

highlighted and the Coupled check-box is checked, a second dotted odd-mode
partition divider should appear within the selected partition.
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Saving the Model
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Figure 2- 63: Partitioning the second, coupled segment

The purpose of this odd-mode divider is to mark where the odd impedance
changes. The edge of the even divider should be at the right edge of the uniform
impedance segment in the even-mode (red) waveform, and the edge of the odd
(dotted) divider should be at the edge of the uniform segment in the odd-mode
(green) waveform. If the odd-mode divider turns red when you move it, you have
moved it to a position in which the model parameters preclude being able to
build a passive model, which could result in simulation stability problems. The
divider must be moved, or the parameters manually adjusted, before the model
can be saved.

You are returning to the Single Line modeling example.

Save the Single Line model to a meaningful name, such as Single Line.cir, in
the Single Line directory. This may be done via the File/Save command, from
the standard toolbar, by using the <Ctrl+S> keyboard shortcut, or by right-click-
ing in the model window and choosing Save from the resultant context menu.
Make sure to select the appropriate SPICE output format when saving the model.
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Figure 2-64: Saving the single line model

Viewing the Model. The easiest way to view the saved model is to right click in
the modeling window and click View Netlist.

TORAT ] il Partitions }

= 1n= 2ns Ins 4z Bns
2000 ii
1500 Save Madel
Sawe Model As...
1005 Wiew Metlist
Bl —

Figure 2-65: Use the context menu to quickly view the model netlist

Simulating  Click the Simulate tab, and then click Simulate to automatically generate the
model and simulate it in your simulator of choice. You can choose a link to your
preferred simulator in Tools/Options/Simulator Options. Make sure that your
selected file format matches your simulator selection.
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Figure 2-66: The Simulate button

The Composite model, including the piecewise linear TDR source, single line
model and termination, is generated automatically. You can double-click any of
the composite model elements to view the included models. In the case of a
symmetric coupled lines model, two composite models will be generated, to
validate the accuracy for both even and odd modes of propagation.

il Composite 1*

TORAT ] S0 Schematic I Eve Diagram Measure 1 Simulale]

Fird= S| Single Lir | Terrninati

Load Wavetoms. .

Figure 2-67: Composite model with the DUT submodel, a source to drive it,and a
resistance to terminate it

If you believe that you need to increase the precision with which IConnect
models the TDR source, decrease the Max Error settings and click Partition to
repartition the model. Make sure to save it before continuing. To reverse the
polarity of the TDR source, change the sign in the Scale box, in the Model
group box.
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Analyzing the Results
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Figure 2-68: You can edit the automatically generated PWL source

After the simulation is complete, the simulated waveforms are placed in the
composite model waveform viewer. Click on the TDR/T or S(f) tabs to observe
the correlation. As you can observe, even without modeling the losses, the
correlation is very good. However, to be absolutely certain of the accuracy of the
model, you are advised to achieve correlation for both reflection and transmis-
sion waveforms. If the match is satisfactory, then the modeling session is done.
If it is not, it may be necessary to return to the various model editors, alter the
models, and resimulate.

If the waveforms are offset on the screen, drag one of them with the mouse to
overlay on top of the other. In the case of a symmetric coupled line model, the
match for both even and odd mode waveforms must be ensured.
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Risetime Filtering
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Figure 2-69: Viewing correlation in the Composite model viewer

In most cases the model you are creating will be used in a system whose risetime
is slower than the 30-40 ps risetime of the TDR measurement head. In that case,
it makes sense to filter the waveforms prior to comparison to see how both
measurement and simulation would compare at a lower risetime. The lower
risetime will correspond better to the fast corner of the actual drivers used in the
system with the given interconnect under test.

To filter multiple waveforms, choose Filter Waveform from the Compute
drop-down list. Type the desired risetime in the text box labeled Risetime at the
bottom of the Computation Window. Select the waveforms to be filtered, right
click on a selected waveform, and choose Filter from the menu.

The correlation at the actual device rise time is more important than the
correlation at the TDR rise time.

Lossy Line Modeling Tutorial
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This tutorial guides you through the steps to obtain a lossy transmission line
model and eye diagram. The lossy transmission line model allows you to
simulate the frequency dependent skin effect and dielectric losses for your
interconnects, and is useful for single line and balanced differential line
modeling (the latter in the odd mode configuration), as well as predicting the eye
diagram degradation due to losses. The symmetric coupled lossy lines model
allows you to simulate the skin effect and dielectric loss, together with the
intersymbol interference (ISI) and crosstalk effects.
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It also allows you to predict the eye diagram degradation due to losses and ISI in
the interconnects. This tutorial leads you from a set of raw measurements to a
complete SPICE model, and allows you to evaluate the model and verity its
accuracy. Should you have additional questions about this tutorial, see Lossy
Line on page 5-21, or contact Tektronix to get more information through our
technical support.

Waveform Acquisition and  You should begin by reviewing Preparing to Take Measurements on page 2-2
Setup  if necessary.

In addition to the best measurement practices described in Preparing to Take
Measurements on page 2-2, it is particularly important for lossy line and eye
diagram measurement to select a window that is long to allow the DUT
waveforms to completely settle to their steady state DC levels. High-frequency
DUT analysis requires that the signal completely settle to make an accurate
analysis.

Lossy Line

i~ IConneck A

File Edit ‘iew Compute |Mode| Simulate  Tools  Windoa  Help

|0 | & & § Souce = IO|J/ I
PWL Source

Lurnped
Single Line

Generic Two-park
Lurnped Coupled

Symmetric Coupled
Termination

Figure 2-70: Creating a lossy line model via the Model menu or Model toolbar

A Lossy Line model can be created either from the Model/Lossy Line menu
item, or by using the Lossy Line button on the Model Toolbar. A Symmetric
Coupled Lossy Lines model can be launched from the Model/Symmetric
Coupled Lossy Line, or using the Symmetric Coupled Lossy Line button on
the Model toolbar.
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Choosing the Extract
Termination Type

DUT Connections

Note that losses are a characteristic of the interconnect material. Therefore, to get
the best results, it is important to extract the losses on a transmission line of
controlled impedance. It is possible to extract the losses based on structure with
changing impedance, but if changes are very large, it will be difficult to extract
losses accurately.

You can select the Matched load in the Measure tab on the right of the IConnect
window. This termination type will provide lossy transmission line data based on
the TDT (Time Domain Transmission) measurement, with the far end of the
device terminated in 50 €2. You can also use the Open termination type, based on
TDR (reflection) waveforms, in case TDT is difficult to perform (such as when
the far end of the device is inaccessible). However, the transmission measure-
ment is generally more accurate.

Symemet ric Coupled |oeey Line 1

TORST |51 | RLGE | Eye Disgram

Select termination type

Figure 2-71: Choosing a termination type for the Lossy Line model

For single line modeling, TDR waveforms must be acquired with only channel
M1 connected to the DUT. The termination on the far end of the DUT is not
important, and can be a short, an open, matched (50 ) or any other impedance
value.

In differential or common mode, both transmission and reference measurements
must be differential (that is, the negative switching channel is subtracted from
the positive switching channel) or common mode (the two positive switching
channels are added together).

For a symmetric interconnect, you can use odd and even mode waveforms,
acquired on the positive switching channel with the stimulus being in differential
(for odd mode data) or common mode (for even mode data).
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It is important to de-skew the TDR oscilloscope channels while doing differen-
tial measurements. Follow your oscilloscope de-skewing procedure before
acquiring differential data.

Reference measurement:

Differential stimulus is ON on Reference and transmission on measurement:s
channels M1, M2. Differential stimulus is ON on channels M1, M2.
Reflection is measured on the Transmission is measured on channels M3-M4
same channels M1-M2 Reflection is measured on the same channels M1-M2
O O
O
O
O
o O O o O O
M1 M4 M1 M4
M2 j [ M3 M2 DUT M3
Fixture 1 Fixture 2 Fixture 1 Fixture 2

Figure 2-72: DUTsetup for differential reference, reflection, and transmission

Loading Data  Now you can acquire the three required waveforms for matched-load lossy line
modeling: Reference, Reflection, and Transmission. First, make sure to select the
appropriate instrument in the Acquisition window. Click the button for each
waveform in the Measure tab, and acquire the appropriate waveform from the

instrument.
Reference Reflection
TOR/T | | ALGC\| Eve Disgiam | Measure | Modsi | Simuizts|
Teminati
Os Tns 2ns 3ns dns 5r|13 em;lyf:e:m Load data
B00r A /"
400mi /

/ s )
300rmt I’ | Select Waveforms |
200mri I“ | m reference. wim |
- X | Reflection | |reflection. wim |

J | T[ansmission| transmizsion. wim |
e L _ il
Transmission

Figure 2-73: Each waveform is loaded by clicking on its respective button
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Model Extraction

For symmetric lossy coupled lines, click on the Even Mode radio button, and
acquire the two additional waveforms in the even mode.

TDR/T waveforms in the Matched termination extraction must be acquired with
50 € cables connected to both DUT ports, thus ensuring a 50 €2 termination at
the far end of the DUT. The cables, probes and fixtures used to connect the DUT
to both channels of the TDR oscilloscope are assumed by IConnect to be of the
same length.

Three waveforms will be required for single lossy line modeling - a reference
open waveform, and TDR and TDT waveforms. In the case of a symmetric
coupled lossy lines model, these three waveforms must be acquired in odd mode
configuration. In addition to the three odd mode waveforms, two waveforms for
the even mode measurements will be required. Read the waveform descriptions
in the Loard Reference Waveform dialog box, shown in Figure 2-74, to capture a
proper waveform from the instrument. The three tutorial waveforms, named
Reference.wfim, Reflection.wfm, and Transmission.wfm, can be found in the
Tutorials\Lossy Line directory under the IConnect Installation directory.

Load Reference Waveform @

] wfith the TOR stirulus turned on, disconnect the DUT framn the end of
\\4) wour cable, probe or fisture, and acquire the reference open waveform.
M ake sure to exclude the first transition, coresponding to the interface
between the sampling head and the cable. from the acguisition window.
Help | |Press the Help button to see a picture

Read Waveform From:  ©* File " Aiewer " Wirtual Scope
Look jn |_.'l Lossy Line ﬂ &= & E8-
|ChExample Files
Braference
Braflection

B transmission

File name:

Open
Files of twpe:  |'waveform Files [ wim) j Cancel

Figure 2-74: Load Reference Waveform dialog box

Once the data is loaded, click the Model tab. Click Compute in the Optimiza-
tion group to extract the lossy line mode. If you know any of the parameters, you
can fix them during the optimization by checking the Fix box for the given
parameter. In fact, it may be preferrableto extract the DC resistance of the
interconnect beforehand, using a DC meter, and fix it during optimization.
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Model Accuracy

IConnect® and MeasureXtractor™ 4.0 User Manual

During the optimization, the text of the Compute button changes to Cancel, and
the number of iterations performed is continuously displayed. After the
maximum number of iterations is reached, or the desired resolution is achieved,
the computation stops, and the results of a simulation based on the newly
extracted model are displayed in the TDR/T tab.

IConnect Lossy Line Q@El .

UIBLREAT lS[f] | RLGC | Eye Disgiam | Measure  Model lSlmuIate]
0z 1ns 2ns 3ns Ang 5?3 Loss Parameters
Fix
500y
I~ Rdc B.52m & -
A00mY Gde 84.8n 5 r
Rac 5.95u Q/H2%
300mi Gag 4.38p SHz [
Leo Fin H r
200miy Eam 234p F r
100 Evaluate
o Optimization
Cancel Optians...
¢ S Iterations: 70

Figure 2-75: The Optimize button

NOTE. The Optomize button is labeled Cancel when an extraction is running.

The correlation between the simulated (red) and measured data (black) in time
domain is the key to accuracy of the extracted model. You can, however, also
observe the correlation in frequency domain by clicking the S(f) tab. You can
extract a better accuracy model, with correlation in both the time and frequency
domains, by increasing the precision and the number of iterations in the
optimization Options, or by changing the values manually and clicking the
Evaluate button. Keep in mind that in digital design, time domain correlation is
much more important than frequency domain correlation.
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[Connect Lossy Line

TOR/T S0 | ALGC | Epe Diagram Messure Modsl | Simuate |
Oz 2GHz dGHe GGH: BGH: 10GHz 120 Loss Parametrs
—+tu T Fix
a
800m—-Mag ] Fage| @8ma [
= Gg| B80S
400m
i R 5.95u Q/H2% [
0 Gac| 4380 SMHz
z00° : - -
mDD_.phase " 3 - h = L 70n H r
3 11 18] I
9o (1 AWLNTE LUAN W WAV W fo 2&F T
| L] 1AY LTI C
2000 ———+F LB .
D ptirniz ation
< > Eompute| Options. .. |

Figure 2-76: Lossy line model correlation in the frequency domain

Other Practical Details  You can also repeatedly click the Optimize button. The values may change
slightly, but the new values will still give you an accurate model within the
specified Precision parameter, accessible from the optimization Options button.

You can create test scenarios by changing any of the parameters manually, and
clicking the Evaluate button. The new values will be evaluated and the new
simulated waveform will be shown in red. Note that if the red waveform does
not change substantially as you change the values in the window, this implies
that your changes are not significant enough, or that the given loss mechanism is
too small to matter.

IConnect Lossy Line™

T lS[[] l HLGC] Eve Diagram] Measure Model ISimuIaleI
I Thz 2z 2nz 4nz Bz Lozz Parameters

E00rY l Fix
e Fdc 2.52m & r
Gdg 84.8n 5 I
S0k ] Rae| 5950 QML
200my L Gac| 80 5Hz [~
100 Lew| ~ 70nH
- Cgl  24pF

Change the value Reevaluate

Figure 2-77: Lossy line response to altering its optimized parameter values
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Choosing the Output  When saving the model to a file, you can select between the Hspice W-element
Format  model and a non-Hspice lumped behavioral model. When saving to a lumped
model, make sure to enter a realistic rise time number to decrease the required
number of subsegments for the model to be accurate to that rise time. Alterna-
tively, you can decrease the number of subsegments manually. You need to have
at least three segments per length of TDR rise time.

You can use the scaling parameter (“Scale parameters by”) to generate a
per-unit length model, or to easily scale the length of the model. In addition, you
can save the model in a table vs. frequency format by clicking on the RLGC tab
and exporting the frequency dependent R, L, G and C values.

Measue  Model | Simulate |

Loss Parameters

Rde 08.52m @

Gde 84.8n 5

Fac 5 350 Q/H%
Gac 4.38p S/Hz
Lo 0n H

Coo 234p F

Evaluate

Optirmization

Compute Options.

jusl
=

i i Rl B Bl

Lumped Model
& Minimum risstime 35 s

" Subsegments 3

Metlist

Use W-Element when uging
g HSpice

™ Scale parameters by:

Figure 2-78: Values in the Lumped Model and Netlist boxes affect how the Lossy
Line model is written to disk

Saving the Model  Save the model: make sure you select HSpice while saving it.
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Save in: | ‘2 Losses =] = e+ E2-
 FEfComposte 1
:@Lussv Line 1
] PL Source 1
:@Terminatinni
File name: ILDssyLine1 Save I
| Save aslype: [ Cirouil Files " ci < Corcel |
Syntax |HS5pice j
3 I \ Y

Select HSpice to use
W-element lossy line model

Figure 2-79: Choosing the simulator syntax when saving the model

Right-click just outside the modeling window and click View netlist to observe
the model that has been produced. You should see a standard HSpice W-element
model, the accepted advanced model for lossy line simulation:

W1 N=1 portl gnd_ port2 gnd_ RLGCMODEL=Lossy_Line_Hspice_Model
1=1.00

.MODEL Lossy_Line_Hspice_Model W MODELTYPE=RLGC N=1
Lo=7e-008 C0=2.486¢-011 Ro=0 Go=0 Rs=5.95e-006 Gd=5.84e-012

If Hspice is not the simulator you are using with IConnect, you can resave the
model and choose a non-HSpice syntax.
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Save model

onnect Logsy Line

File Edit Ve Compute Model Simulate Tools Window Help
ODEE & ¢ ST T =
IConnect Lossy Line

Save Model
TDR/T IS[f] l HLEE] Eve Diagram]

Save
Save As..,
Oe 1re e 2ne Wiew hetlst <—— \jew Netlist

500m?
A00mY

200
200w - e

1 00ty ,
o

Figure 2-80: Viewing the netlist of a saved model

Viewing the Model. The easiest way to view the saved model is to right-click in
the modeling window and select View Netlist.

Simulating  Click the Simulate tab, and then click the Simulate button to automatically
generate a composite model and simulate it in your simulator of choice. You can
choose a link to your preferred simulator in Tools/Options/Simulator Options.
Make sure that your selected file format matches your simulator selection.

Measure] Model  Simulate l

Composite kodel

Simulate

Save Generated bModels
Autarmatically

Eve Diagram

Drizplay Optionz. ..

Figure 2-81: The Simulate button

IConnect® and MeasureXtractor™ 4.0 User Manual 2-69



Operating Basics

PWL Source

2-70

Now the composite model, including the piece-wise linear TDR source, lossy
line model, and termination are generated. You can double-click any of the
composite model elements to view the included models.

il Composite 1*

TOR/T| 5 Schematic | Eye Disgram

Measure | Simulate |

Feri= S ICannect, Terninati

Load Wavetoms...

Figure 2- 82: Validating the lossy line model

If you need to increase the precision with which IConnect models the TDR
source, decrease the Max Error settings and click Partition to repartition the
model. Make sure to save it before continuing. To reverse the polarity of the
TDR source, change the sign in the Scale box under Model.

PWL Source 1%

Partitions l Measuie  Model l

0z 1 Ts e I dr 5115 Aukomatic S agment
el w:' et R
45D 1 _ _Gka | t [28n 5

i Max. Errar:

400nay _ ’m < Mol
o I M anLial: Seale: |—2
300y . M ]
280n — 2

[ Fix Partitionz

Figure 2-83: Editing the automatically generated PWL source
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Analyzing the Results  As you can observe, the correlation is perfect, except for the launch (the SMA
connector in this case), which was not de-embedded during the measurement.
You can easily model the connector, however, using Z-line and Single-line
modeling techniques.

After the simulation is complete, the simulated waveforms are placed in the
composite model waveform viewer. Click TDR/T or S(f) tabs to view the
correlation.

=2 Composite 2%

TDRAT l SIA l Schematic] Eve Diaglam]
15 Tnz 2z Ine Az 5?3

250 e
200mm Ei /--
150mt
100mt
Sl

139

Figure 2-84: Near-perfect correlation between measurement and simulation for
Lossy Line example

The connector model can then be added to the composite model for the most
accurate modeling of the transmission line losses. The transmission line length
may need to be scaled back using Scale Parameters By: in the Model tab in the
IConnect lossy line modeling window to accommodate the additional introduced
length due to the connector.

A high-speed backplane or cable assembly connector can be modeled in the same
fashion.
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Eye Diagram
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=5 Composite 1

TOR/T | 5 Schematic | Eye Diagram |

FwWL Sou | Connecte ||Connect, Cannect: | Termninati

Figure 2-85: Composite model with lossy line and end connector models

A single click on the button generates the eye diagram. Note that if you select the
eye diagram based on measurement, it should correlate well to the eye diagram
based on the model, as well as to any eye diagram data measured with a pattern
generator that you may have. The eye diagram based on measurement does not
impose any restrictions on what kind of Device Under Test (DUT) this eye
diagram is computed from.

You can take a TDT measurement on a large communication board with multiple
daughter boards, and plot the eye diagram immediately. For more information on
generating the eye diagram, see Eye Diagram Tutorial on page 2-15.

Meazure ] bodel  Simulate

Composite Model

Simulate

v Save Generated Modelg
ALtomatically

Click to display
eye diagram

Ewe Dagram

i- Options... |

Dizplay

Figure 2-86: Generate and display an eye diagram
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TDR | Scatteing| RLGC  Eve Diagiam |
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Figure 2-87: IConnect eye diagram display

MeasureXtractor Modeling Tutorial

This tutorial guides you through the steps to obtain an exact frequency-depen-
dent model for your interconnect in IConnect MeasureXtractor. MeasureXtractor
data-driven models allow you to simulate any interconnect structure, and will
include both time dependent (reflection, ringing, crosstalk) and frequency
dependent (frequency loss) behavior of the interconnect. The extraction can be
based on either time domain reflectometry and transmission (TDR/T) measure-
ments or frequency dependent S-parameter data.

The data driven model, in conjunction with IConnect Link Simulator, allows you
to include your TDR/T and S-parameter data in simulations, without creating a
model first.

The MeasureXtractor modeling technique can be used for any interconnect
structure. The size of the model is proportional to the interconnect size and
complexity. The passivity, stability and causality of the models are guaranteed.
This Tutorial leads you from a set of raw measurements to a complete SPICE
model, and allows you to evaluate the model and verify its accuracy.

Waveform Acquisition and  You should begin by reviewing Preparing to Take Measurements on page 2-2 if
Setup  necessary. In addition to the best practices given in that section, it is particularly
important when taking MeasureXtractor measurements to select a window that is
long enough to allow the DUT waveforms to completely settle to their steady
state DC levels. High-frequency DUT analysis requires the signal to settle to
make an accurate analysis.
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Choosing the Extraction
Termination Type
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MeasureXtractor data driven models can be started either from the Data
Driven/MeasureXtractor Single Line or Data Driven/MeasureXtractor
Coupled Line menu items under the Model menu, or by using the S-parameter
button on the Modeling Toolbar.

MeasureXtractor
Data-Driven models

Connect

le Edit View Compute NEGaEN Simuolate  Tools  Window  Help

Source

P'WL Source

Lumped

Single Line

Lossy Line

Daka Dris

GEnetic Two-part
Luriped Cauplzd
Symmekric Coupled
Symmekric Coupled Lossy Line
Data Driven Coupled Line
Termination

> MeasureXtractor
Data-Driven models

Figure 2-88: Creating a Data Driven model

You can choose to use Time or Frequency domain data for MeasureXtractor data
driven modeling by clicking on the Time or Frequency button as shown in
Figure 2-89. If you choose Time domain, you can acquire the data directly from
a TDR oscilloscope or TDR-capable network analyzer. If you choose Frequency
domain, you will need to acquire and store your data as frequency-dependent
Touchstone file format beforehand, with port 1 (and 3) as inputs, and 2 (and 4) as
outputs. For more information on Touchstone formats, see Importing and
Exporting S-Parameter Data in Touchstone Format on page 7-19.

The Set DC Values, Truncate, and Recompute buttons allow you to modify the
time domain data computed from your S-parameters for more accurate extrac-
tion. The minimum (fastest) rise time for the computation is set by IConnect.
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Measure | Model | Simulste | Measure | Model | Simulete |
D'omain Domaik
e Time " Frequency " Time f* Freguency

5 plect W aveloms Select Taouchstane File

{* Part 1 " Part 2 JLc-ad |

_Reeference || v |
Refiection | [ Risetine | 0 Recompute TOR/T

Transmizion |

Figure 2-89: Choosing either Time or Frequency Domain for loading data

DUT Connections  All the waveforms must be acquired with 50 Q probes, fixtures, or cables
connected to all the DUT ports, thus ensuring a 50 € termination at every DUT
port. The cables, probes and fixtures used to connect the DUT to both channels
of the TDR oscilloscope are assumed by IConnect to be of the same length.
IConnect also assumes that you have deskewed the scope channels. Although the
cables, probes and fixtures are connected to all DUT ports, you will only be
acquiring one measurement at a time.

Figure 2-90 shows the termination schemes used to make the measurements.
However, the measurements themselves are single ended, although the figure
refers to differential measurements. The reference waveforms must be acquired at
each port, with the cables, probes, and fixtures disconnected from the DUT and
left open-ended.
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Reference measurement:

Differential stimulus is ON on Reference and transmission on measurement:s
channels M1, M2. Differential stimulus is ON on channels M1, M2.
Reflection is measured on the Transmission is measured on channels M3-M4
same channels M1-M2 Reflection is measured on the same channels M1-M2
O O
0
[
O
O O O O

O O
M1 M4 M1 M4
M2 j [ M3 M2 DUT M3

Fixture 1 Fixture 2 Fixture 1 Fixture 2

Figure 2-90: Reference and DUT measurement setups

NOTE. Although Figure 2-90 refers to differential measurements, all
MeasureXtractor measurements are single ended.

Loading Data  Now you can acquire the required waveforms for MeasureXtractor data driven
modeling. For each port, you need to acquire a reference waveform, a reflection
waveform, and transmission waveforms from this port to all other ports.

Data Driven Coupled Line 17

TORT |5 | Ibeazue | Modsl | Simdwe |
0s H00ps: Tins 15 hl'li [iomamn
| : & Time T Fiequency
SO =
. [ Sibeec) ' el oo Load data

| _TIHeeeS |
| TORy; | [FORTIDO0L wim
i |
Lot f | T|:|'|'21 IT DT 21 00CL wim
p— |
|
|

10737 | [TOT3100CC wim
0741 TET 410 RCL wim

* Pt 1 " IPot 2
oy " Poit 3 ot 4
r 7
I
I
I
I
I
I
L

Figure 2-91: Loading waveform data into the Data Driven/MeasureXtractor Coupled
Line model
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First, make sure to select the appropriate instrument in the Acquisition window.
Then, sequentially click the Select Waveform buttons, and then click on the
button for each waveform in the Measure tab to load the data. For passive
structures such as interconnects, the transmission from port X to port Y equals
reverse transmission from port Y to port X, these measurements will only be
acquired once.

For example, transmission from port 1 to port 2 (TDT5) is required, but
transmission from port 2 to port 1 (TDT},) is not. All the waveforms must be
acquired with the 50 Q cables connected to both DUT ports, thus ensuring a

50 Q termination at the far end of the DUT. The cables, probes and fixtures used
to connect the DUT to both channels of the TDR oscilloscope are assumed by
the IConnect to be of the same length.

A total of 5 waveforms is required for the Data Driven/MeasureXtractor Single
Line models, and 14 waveforms for the Data Driven/MeasureXtractor Coupled
Line models. Read the waveform descriptions, shown in Figure 2-92, to capture
a proper waveform from the instrument. The tutorial waveforms can be found in
the Tutorials directory under the IConnect installation directory.

Load Port 1 Reference Waveform @

\ir) “fith TOR stimulus an port 1 humed an, disconnect DUT fram the end

of your cable, probe or fisture on port 1 ta acquire this reference open

wagyeform, Make sure bo exclude the first tranzhon, comezponding bo

the interface bebween the zampling head and the cable, from the
Help | acquisiion window. Press the Help button to see a picture

Fead “Waveform From; ™ File " iewer (™ ‘irtual Scope

Laok jn: |_;' IConnect j da ok E-

I)Help
|_JPragrarn Files

[ JRainboe Drivers
I Tukarials

Files of bupe:; |Wavefurm Files [ wifm) ﬂ Cancel

Figure 2-92: Loading tutorial waveforms into IConnect
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Model Extraction

Model Accuracy
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Once the data is loaded, click the Model tab and click the Extract button; the
model is extracted as shown in Figure 2-93. After the model is extracted, the
information about the number of poles in the model and maximum error is
displayed.

Data Driven Single Line 2*

Vel ]S[F] l EyEDiagram] Measure  Muodel lSimuIatel

1] A00p= The 1.8ng Zng
— Cahczel | g
rm 2
Results
400! Poles:
200 /\_ A Max Emor
200miy" ,[r
700" ,
- |
< >

Figure 2-93: Extracting a two-port model

The correlation between the simulated (red) and measured (blue) data in the time
domain and frequency domain is exact. Both time domain amplitude and delay,
and frequency domain magnitude and phase match exactly, as shown in

Figure 2-94.
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Figure 2-94: Resulting measurement to model correlation

Saving the Model  Save the model with a meaningful name, such as Data Driven.cir, in the Data
Driven directory. This may be done using the File > Save command, from the
standard toolbar, by using the <Ctrl+S> keyboard shortcut, or by right clicking
in the model window and choosing Save from the context menu. Make sure to
select the appropriate SPICE output format while saving the model, as shown in
Figure 2-95.
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Figure 2-95: Saving the model

Viewing the Model. The easiest way to view the saved model is to right click in
the modeling window, and click View Netlist, as shown in Figure 2-96.

Data Driven Single Line 2

TOR/T | 5(1) | Eve Diagram | :::: mjz: ne
s A0ips Tre  View Netlist <———=—— View Netlist
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AL A L1

200k f
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Figure 2-96: Viewing the SPICE Netlist
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Simulating  Click the Simulate tab, then press the Simulate button to automatically generate
the model and simulate it in your simulator of choice, as shown in Figure 2-97.
You can choose a link to your preferred simulator by choosing the Tools/Op-
tions menu and clicking the Simulation tab. Make sure that your selected file
format matches your simulator selection.

h-'leasurel i adel 5"'I'ILJL?ItEl

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

Composite Model

Sirmulate I

Save Germerated Models
4 Automatically

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

Figure 2-97: Data-Driven Simulate tab

Now the two Composite models, including the piecewise linear TDR source,
data driven model, and termination are generated, as shown in Figure 2-98. You
can double-click any of the composite model elements to view the included
models. The two composite models correspond to the interconnect driven from
both ports.
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Figure 2-98: Automatically-generated Composite model

NOTE. For Data Driven/MeasureXtractor Coupled Line, four composite models
will be generated.

PWL TDR Source  If you believe that you need to increase the precision with which IConnect
models the TDR source, decrease the Max Error settings and click Partition to
repartition the PWL Source model, as shown in Figure 2-99. Make sure to save
it before continuing. To reverse the polarity of the TDR source, simply change
the sign in the Scale box, in the Model group box.

PWL Source 1*

Partitions ] Mossurs Model l
Oz 1 Ts Zns 3ns Ans 511: Atomatic Segment

00/ i B v: [ 47m v
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T Maw. Error:
400/ ! .
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1 "R Zo| 0@
250 — =
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Figure 2-99: Automatically-generated PWL Source model
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Analyzing the Results  After the simulation is complete, the simulated waveforms are placed in the
Composite model waveform viewer. Click on the TDR/T or S(f) tabs to observe
the correlation, as shown in Figure 2-100. The correlation is exact in both time
and frequency domain.

&5 Composite 2

TDR/T l S0 ] Schematic | Eve Diagram Measure  Simulate l
Oz B00ps Tnz 1.5nz 2ns Composite Model
SO0 — Simulate
400 Simulation Timing...
0 Eye Diagram 1]
L /\k A Dizplay | Options...

200

I

100y
o i

Figure 2-100: Nearly exact correlation between the measured data and the
data-driven model

When importing Touchstone files, note that IConnect uses ports 1 and 3 as the
input ports, and ports 2 and 4 as the output ports. The model will still be
extracted and valid if a different port numbering system was used in the imported
Touchstone file, but the validation simulation results may be incorrect.

Port 1 Port 2

Port 3 Port 4

Figure 2-101: Touchstone input and output ports
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IConnect Measure-Model-Simulate Methodology

IConnect and MeasureXtractor TDR and VNA software simplifies the process of
creating accurate, validated models from measurement data. It is built around the
Measure-Model-Simulate methodology, in which you begin with a set of
measurements, create a model from those measurements, and run simulations to
verify that your model accurately predicts the measured behavior. IConnect
makes it simple to do all three of these steps without ever leaving the applica-
tion, and in many cases all three can be accomplished within a single window!

The Value of Measure-Model-Simulate

Models you can trust

Measurement
interpretation

Models for existing
devices

The primary benefit of traversing the Measure-Model-Simulate loop is that you
emerge with a model that you can trust because it has been correlated against
measurement. [Connect dramatically simplifies the validation process with its
integrated link to multiple simulators. Many times engineers are asked to rely on
models with a dubious validation history. With IConnect, since you easily do the
validation yourself, you are willing to rely on the extracted models.

The measurement process allows insight into your design that would be difficult
to achieve otherwise. The many capabilities of IConnect simplify the task of
interpreting your measurements. Frequent use of TDR measurements provides an
intuitive understanding of your digital interconnection system. Furthermore, the
dual time- and frequency-domain displays help you become conversant in both
domains, and allow you to use your TDR as a network analyzer. And conversion
from frequency-domain measurements into their TDR equivalents allows you to
use a network analyzer as a TDR.

You can quickly create models for existing and even legacy devices for which
you do not have geometry or materials information. And because your models
are validated against measurement, they may be more accurate than those
available from the part vendor.
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Measure-Model-Simulate within IConnect

3-2

For more information

IConnect has an improved user interface to make it even more convenient to
traverse the measure-model-simulate loop. Many of the IConnect models now
have Measure, Model, and Simulate tabs right in the model extraction window
itself.

The Measure tab helps you to bring in the necessary waveforms to extract the
model by showing you exactly which waveforms need to be loaded to extract the
model, and performing sanity checks to help weed out measurement errors. The
waveforms are displayed in the TDR/T and S(f) waveform viewing tabs, which
are integrated time-domain and frequency-domain waveform viewers with all the
waveform management capabilities to which IConnect users have become
accustomed.

The Model tab provides you with the ability to extract the parameters which are
relevant to the particular model. Because each model has different parameters
and extraction methods, each model tab will typically be different from the
others. In many cases the model tab will be associated with a model viewing tab
on the left that graphically represents the current parameter values, and in many
cases allows you to graphically make changes to the model parameters. Some
models may be optimized as well.

The Simulate tab gives you one-click capability to validate the model you have
just extracted. It generates the necessary SPICE models, allows you to save them
in the directory of your choosing, and launches the simulation for you, returning
the results to the model’s TDR/T viewing tab for validation. This is accom-
plished without your having to edit a SPICE netlist or open a single file. The
simulate tab also generates and displays eye diagrams for lossy models.

More information on how to make the most out of [Connect’s integrated support
for the Measure-Model-Simulate methodology is available in this manual:

B A number of tutorials which provide real-life application examples are
available in Getting Started chapter on page 1-1.

®m  The Models chapter on page 5-1 describes how the Measure, Model, and
Simulate tabs of each of the models works.

®m  The Measurement chapter on page 4-1 and Preparing to Take Measurements
on page 2-2 tell you how to set up your measurement instrument to work
transparently with IConnect.

®  The Simulation chapter on page 6-1 tells how to integrate your simulator
into IConnect to be used in model validation.
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IConnect and MeasureXtractor TDR and VNA software is an integrated
waveform acquisition engine for your TDR measurement instrument. This
chapter will help you interface your instrument with IConnect, and will get you
started acquiring data. It also provides information to help you take accurate
measurements.

Measurement Overview

GPIB Installation

Measurement is performed as a cooperative effort between the IConnect
software, the GPIB card, and your TDR measurement instrument. Before
measurements are made from within the [Connect framework, it is necessary to
properly set up your instrument, as well as to install the GPIB interface. For
questions regarding how to take accurate and effective measurements, refer to
Measurement Tips on page 4-11, the references on measurement and modeling
techniques given in References on page B-1, or contact Tektronix technical
support.

If you are simply evaluating the IConnect software, the measurement instrument
and GPIB interface may be unnecessary, since waveforms are available on the
disk that you can use for evaluation purposes.

The GPIB card and driver installation should be performed according to the
manufacturer’s instructions. IConnect is written and tested using GPIB hardware
and software from National Instruments. After installing the hardware and
software, be certain to run the manufacturer-supplied diagnostics to ensure
correct operation.

When configuring the board, note its board index if it is anything other than
GPIBO, as it will be necessary to specifically configure IConnect if you intend to
access your instrument through any board other than GPIB0. This is only an
issue for computers with multiple GPIB cards installed.

If you encounter problems, consult Troubleshooting on page A-1 for more
advice on setting up your GPIB card.

While Tektronix is happy to assist you with GPIB-related questions, the card
manufacturer may be of more assistance.
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Running IConnect on the Tektronix DSA8200 and TDS/CSA8000 Series

Because the Tektronix DSA8200 and TDS/CSAS8000 Series oscilloscopes run on
an open, Microsoft Windows-based platform, you have the ability to install
IConnect directly on the oscilloscope. This approach makes it unnecessary to
maintain a computer in addition to the oscilloscope, eliminating the need for a
GPIB card.

In order for IConnect to communicate correctly with the DSA8200 or
TDS/CSAS8000 Series oscilloscopes (on which it is installed), the TekVisa
software from Tektronix must be present. If you purchased your CSA/TDS8000
prior to 2002 and have not upgraded your software since then, you may need to
upgrade your oscilloscope software. If you suspect TekVisa is not present and
find that IConnect cannot acquire waveforms when running locally on your
oscilloscope, you should upgrade your oscilloscope software. Visit the Tektronix
Web site to obtain software upgrades.

Once you have installed [Connect, and installed TekVisa if necessary, you are
ready to make measurements. Simply select the Tektronix DSA/TDS/
CSA8XXX Local option from the Instrument dropdown box in the Acquisi-
tion window. As with the other instruments, you must still select appropriate
parameters such as GPIB address and timeout values.

NOTE. If you wish to run IConnect on a separate computer connected to a
DSA8200 or TDS/CSA8000 Series oscilloscope, you may still do this, as before,
using a GPIB controller card from National Instruments connected to the GPIB
port on the oscilloscope. This requires that you choose the Tektronix DSA/TDS/
CSA8XXX option from the Instrument dropdown box in the Acquisition
window.

In order to use IConnect effectively and efficiently when operating IConnect
locally on the DSA8200 or TDS/CSAS8000 Series oscilloscopes, we recommend
that you use a second monitor in addition to the LCD display provided on the
instrument front panel. Display IConnect on the second monitor (with the
resolution of the monitor set to 1024/768). The 1024/768 resolution is required
to fully view all of the IConnect windows. Using a second monitor also allows
you to view the oscilloscope application software on the local instrument display
while displaying IConnect and other applications on the secondary monitor. See
the online help for your oscilloscope to help guide you with the dual monitor
support.
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Oscilloscope Setup

In order to benefit from IConnect’s efficient, integrated measurement interface, it
is necessary to correlate the software settings with the physical settings of the
oscilloscope. To change these settings propetly, it may be necessary to consult
your oscilloscope manuals.

Online  First, it is necessary to make sure that your oscilloscope is online. Most scopes
have the ability to be placed into local mode, in which the scope ignores
commands transmitted over the GPIB bus. However, this precludes use by an
external program such as IConnect.

Talk/Listen 1t is also necessary to have your oscilloscope in talk/listen mode so that
communication between the scope and the GPIB controller may flow in both
directions. Some oscilloscopes are always in talk/listen mode, so that once the
scope is online, this setting need not be made.

GPIB Address  Finally, the GPIB address of your scope must correspond to the setting in
IConnect. Any address between 0 and 31 is valid, although 0 is discouraged
since it will typically conflict with the address of the GPIB controller. IConnect
comes with default values of 1 for the Tektronix instruments and 7 for the
Agilent instruments. However, these values may be changed within IConnect to
correlate with your particular measurement setup.

Other Instrument-specific ~ No other GPIB parameters need be adjusted on your scope. They are either set
GPIB parameters  via software from IConnect, or they are taken into account such that their values
are not relevant.

Agilent 8510 time domain  If you are using an Agilent 8510, it must be operating in time-domain display
setup mode, using a step stimulus, in addition to setting the GPIB address. Your 8510
user manual can guide you through these processes.

Configuring IConnect to Communicate with your Instrument

All necessary configuration of IConnect for communication with your measure-
ment instrument is performed via the Instrument Settings page of the Acquisi-
tion Window, which is accessed by pressing the Instrument Settings tab as
shown in Figure 4-1. The Acquisition Window is made visible using the
View/Acquisition Window menu command or the waveform button on the
auxiliary toolbar. The settings you make will depend on what type of instrument
you are using.
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4-4

Oscilloscope

Virtual Scope

If you are using a Tektronix or an Agilent oscilloscope, you may need to
configure its GPIB address into IConnect. The default settings of 1 for the
Tektronix scope and 7 for the Agilent scope typically will match the setting from
the factory.

You may also need to configure [Connect to match the GPIB address of your
GPIB card. The default value of 0 is standard for a typical one-card installation.

You may set the timeout value, which determines how long the GPIB card will
wait for your instrument to respond before flagging an error. The default value of
one second will be sufficient for a typical installation.

NOTE. Some instruments require a longer timeout setting if heavy averaging is
performed. Longer averaging requires a longer timeout value.

Meazure  Instiument Settings |

—GPIB

Address: I1 _|:‘
Tirneauk: |1s 'l

Board Index: |0 %

 Traces
[V Displayed

" Stored

Figure 4-1: Setting the GPIB communication parameters

If you are using your disk drive as a virtual scope, the necessary configuration
consists of choosing a directory from which to acquire waveforms, and choosing
an appropriate filename filter so that only files with certain names are displayed
for acquisition, as shown in Figure 4-2. Typically the filter is set to *.wfm,
although depending on your personal file naming preferences, it may be set to
anything which the operating system recognizes as a file filter. Filters often
include the wildcard characters ?, which matches a single character, and *, which
matches 0 or more characters.
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Figure 4-2: Setting the virtual scope options

For example, suppose you have a directory containing the following files:

Tek Demo Board Reflection.wfm
Tek Demo Board Transmission.wfm
HP Demo Boardl Reflection.wfm
HP Demo Boardl Transmission.wfm
HP Demo Board2 Reflection.wfm
HP Demo Board2 Transmission.wfm
HP Demo Board3 Reflection.wfm
HP Demo Board3 Transmission.wfm
Demo Board Comparision.doc

The following table shows which file names will be displayed in response to
various filters:

Table 4-1: Filter response

Filter Displayed Waveforms

* wifm Tek Demo Board Reflection.wfm
Tek Demo Board Transmission.wfm
HP Demo Board1 Reflection.wfm
HP Demo Boardl Transmission.wfm
HP Demo Board2 Reflection.wfm
HP Demo Board2 Transmission.wfm
HP Demo Board3 Reflection.wfm
HP Demo Board3 Transmission.wfm

Tek*.wfm Tek Demo Board Reflection.wfm
Tek Demo Board Transmission.wfm
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Waveform Acquisition

Table 4- 1: Filter response (Cont.)

Filter Displayed Waveforms

HP*Reflection.wfm HP Demo Board1 Reflection.wfm
HP Demo Board2 Reflection.wfm
HP Demo Board3 Reflection.wfm

HP*2*.wfm HP Demo Board2 Reflection.wfm

HP Demo Board2 Transmission.wfm

*DemoBoard? *.wfm

HP Demo Board1 Reflection.wfm
HP Demo Boardl Transmission.wfm
HP Demo Board2 Reflection.wfm
HP Demo Board2 Transmission.wfm
HP Demo Board3 Reflection.wfm
HP Demo Board3 Transmission.wfm

Having installed the GPIB interface and set up your oscilloscope, waveform
acquisition from within IConnect is a simple matter. If none of the peripheral
hardware has been installed, waveforms may be acquired from disk for evalua-
tive purposes by using the Virtual Scope.

Measure l Instrument Settings ]

Instrument:
|\|"|rt|_|a| Scope j

VWawefoms:
DUT.wfm
Open_wim
Short.wim
ZLine wim

o r
i |

Acquire | Refresh |

Waveform Viewer:

Mew Waveform Viewer j

Figure 4-3: Waveform Acquisition window
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Acquisition Window  All acquisition takes place from the waveform acquisition window, which is a
dockable window associated with the main IConnect window. If the window is
not visible, you may toggle its visibility using the View/Acquisition Window
menu command. For more convenient access, you may use the View/Toolbars/
Auxiliary Toolbars menu command to enable visibility of the auxiliary toolbar,
at which point the visibility of the acquisition window may be toggled using its
toolbar button. If you have recently changed instrument settings, you may need
to press the Measure tab of the acquisition window in order to take measure-
ments.

Instrument Selection  The appropriate measurement instrument may be selected using the drop-down
list box at the top of the acquisition window. As soon as the instrument is
selected, IConnect attempts to fill the waveform selection list box with the
available waveforms. If no waveforms appear, or an error message appears, it
may be necessary to change the instrument options using the Instrument
Setting tab of the acquisition window, as shown in Figure 4-4. These options
may include general GPIB options such as GPIB address, as well as instrument-
specific options that are only applicable in the context of a particular instrument.

Measure  Instrument Settings]
GFIB
Address: |1 JZI
Timeout, |13 =

Board Indew: |0 ™

Traces
v Channelz
W Math

[v Refererces

Figure 4-4: Instrument Settings page of the Acquisition Window
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Long Record Length

If you’ve chosen either the Tektronix DSA/TDS/CSA8XXX or the Tektronix
DSA/TDS/CSA8XXX Local as the instrument type from the acquisition
drop-down menu, the Long Record selection becomes available. Checking this
box allows IConnect to acquire the long record lengths available in these
products which is very useful when working with long transmission lines.

NOTE. You cannot acquire long record length Reference or Math waveforms.

Measure I Instrumentt Settings ]

Instrument:
| Tektrontc DSA/TDS/ACSAL = |

Waveforms:
CHe

ﬂ"'— v Use Long Record

Long Record Falameters...‘

\ Refresh \

Waveform Viewer:
Mew Waveform Viewer ﬂ

Figure 4-5: Use Long Record check box

Once checked, you can select the Long Records Parameters... button to display
the parameters dialog box to adjust the record length. IConnect supports record
lengths up to 1,000,000 points. The default setting is 10,000 points.

Use the AT setting to set the time between successive points. Use the N Points
setting to define the number of points.
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Figure 4-6: Long record parameters

Waveform Viewer  You may choose which waveform viewer you would like to receive the newly
Selection  acquired waveform or waveforms. This selection is made using the waveform

viewer selection drop-down list box near the bottom of the acquisition window.
The list box contains the names of all currently open waveform viewers, as well
as the New Waveform Viewer option. If you choose the name of an existing
waveform viewer, the acquired waveform or waveforms will be placed in that
viewer. If you choose New Waveform Viewer, a new viewer will be created to
receive the waveforms.

Waveform Transfer ~ Once the appropriate instrument is selected and the associated options are chosen
from within IConnect, the waveforms available for transfer are automatically
listed in the waveform selection list box. Double click on the waveform name to
transfer a waveform into the selected waveform viewer, or select the waveform
and press the Acquire button. The list box supports multiple selection, so that
multiple waveforms may be selected and then all are acquired when the Acquire
button is pressed.

NOTE. If changes are made in the instrument that change which waveforms are
available from the instrument for acquisition, it will be necessary to press the
Refresh button to update the waveform selection list box.
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Saving and Restoring the Instrument Setup

4-10

Saving Instrument
Settings

Restoring Instrument
Settings

Using IConnect, you may easily save the entire state of your measurement
instrument to a file, and restore it at a later time. This capability is very
convenient for users in a situation in which many people are using the same
instrument, and adjusting the settings to meet their individual needs.

To save the instrument settings, choose Save Instrument Settings from the File
menu. A window will come up, asking you for a file name to which the settings
should be saved.

NOTE. If you use more than one TDR instrument, you should include a reference
to the name of the instrument in the filename that you choose. This will allow
you, when the time comes, to load the correct settings back into the correct
instrument. IConnect cannot determine from the contents of the settings file
which type of instrument it came from.

Once you have chosen a filename, press the OK button, and the settings will be
saved to a file. The location of the file will also be remembered by IConnect for
easy retrieval at a later time.

Instrument settings which have been saved to a file may be loaded in at a later
time to restore the instrument to its previous state. In order to restore the settings
from a file, choose Load Instrument Settings from the File menu. A window
will come up which contains the names of instrument settings files you have
saved in the past. When you select a file and press OK, or simply double-click
on the filename, IConnect will attempt to load the instrument settings from the
file.

NOTE. Attempting to load a settings file saved by one type of instrument into
another type of instrument will not work, and may cause unpredictable results on
that instrument.

If you wish to see the settings files without their path names prepended, check
the box labeled Hide Paths.

If the settings file you would like to load is not listed in the window (for
example, if someone provided you with a settings file from another instrument of
the same type), click on the Browse... button, and a standard window will allow
you to find the file on the disk. Once you have found it and clicked OK, the
settings will be loaded into the instrument immediately. The name of the file will
also be remembered for later use.
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NOTE. Because the horizontal position of the TDR step and response vary due to
temperature and other factors, restoring the scope state may not place the
waveform at the same point on the screen as before. This can be solved by
adjusting the horizontal delay.

Loading a File Containing  Although the save and restore capability of IConnect is designed primarily to be
General Instrument  used to save and restore the entire state of the instrument, it may also be used to
Commands  send any set of commands to the instrument. To accomplish this, place the
commands you would like to send to the instrument in a text file. Then choose
Load Settings... from the File menu. Click the Browse... button, and find the
file in the resulting window. Select it and press OK, and the commands will be
sent to the instrument. If the instrument does not respond as you expected,
ensure that there is a valid GPIB connection by reading a waveform into
IConnect. If the connection exists, you should verify that the command syntax is
correct.

Measurement Tips

Taking accurate measurements is unquestionably the most important element in
measurement-based modeling. In the absence of accurate measurements, skilled
modeling and thorough verification are a waste of time. The following guidelines
are helpful to remember.

Warm up the instrument A Time Domain Reflectometry (TDR) oscilloscope is a high performance, high
accuracy instrument. To fully utilize the accuracy and precision of the instru-
ment, you should allow the instrument 20-30 minutes before performing any
measurements, to allow its temperature to stabilize. Your oscilloscope manual
can give more exact specifications on warm-up times for your particular
instrument. Similarly, to prevent any waveform drift from affecting the measure-
ments, it is best to keep your lab temperature stable during your measurement
sessions.

Make a clean connection A clean interface to the DUT is critical to achieve high quality measurements.
to the Device Under Test  High-quality microwave grade cables and probes will allow you to deliver full
(DUT) incident rise time to the DUT, allowing you to achieve higher resolution. In
fixturing applications, a fixture with a low-inductance, low-resistance ground
return path will provide the cleanest measurement interface.

Since the minimum discontinuity that can be resolved by a TDR step must be
separated from the discontinuity next to it by about 1/2 the observed rise time,
delivering a faster rise time to the DUT allows you to resolve smaller DUT sizes.
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Window out the initial
transition

Capture a sufficient time

4-12

record

TDR oscilloscopes in the industry are typically instruments with bandwidths of
20 GHz and beyond (risetimes of 45 ps and below), and great care must be taken
in measurement applications requiring the full bandwidth. For more information
on probing, fixturing and cabling, download our Probing Quick Guide at the
Tektronix Web site.

In order to take useful TDR measurements for model extraction in IConnect, it is
necessary to window out what is called the initial transition. What this really
means is setting the timebase and delay on your oscilloscope such that the
correct portion of the waveform is shown on the screen.

As an example, assume that you are using a 50 Q2 coaxial cable to connect to
your DUT. With the DUT disconnected, zoom out on the scope until you can see
a staircase waveform with three distinct levels, with the middle level halfway
between the first and third. The initial transition is between the first and second
levels, and should be windowed out. The transition of interest is the transition
from the second to the third level. You will want to zero in on this transition, and
ensure that the initial transition does not show on the screen. All IConnect
algorithms are designed to operate on data acquired in this fashion. If the initial
transition is visible in your measurements, you will not be able to extract
meaningful models in IConnect.

In TDR and transmission (TDR/T) measurement, it is important to capture all the
transitions that characterize the DUT. In many cases this includes the low-fre-
quency asymptote, which means the waveform must settle to an appropriate level
(OV for short termination, full incident step amplitude for an open, and exactly
half the incident step amplitude for a matched, or 50 & termination). If your
measurement window stops before the waveform has settled, you may clip the
waveform at a level that can distort any modeling work to follow. For more
information on TDR-based interconnect modeling and basics of TDR, check out
our TDR Interconnect Modeling Quick Guide at the Tektronix Web site.
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IConnect and MeasureXtractor TDR and VNA software helps you extract many
different types of interconnect models. This chapter contains information on each
of the different models that IConnect makes available to you as a modeler, as
well as step-by-step instructions for easy, accurate extraction.

Model Extraction Overview

Model extraction in IConnect is a cooperative effort between IConnect’s
underlying algorithms and the different model viewers available for creating,
editing, and saving the various types of models. Each of the models is accessible
both from the commands listed under the Model menu item, and from the model
toolbar whose visibility can be toggled from the View/Toolbars/Model Toolbar
menu command.

¢ ST T = I {5} 47 I EEIEEM

Figure 5-1: Model toolbar

Many of the model viewers have the ability to take measurements, extract a
model, and validate it on your simulator, without having to open another
window. For more complex modeling tasks, individual models can be cascaded
using the schematic editor in the composite model viewer.

Model files are typically saved with .cir extensions, and may be loaded from the
main menu using the File/Open command. More typically, they are loaded from
the composite model viewer.

This chapter outlines the specifics of how to accurately and easily extract each
type of model available to IConnect users. There are also a number of tutorials
which walk you through the creation of each type of model in Getting Started on
page 2-1.
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Model Extraction Tips

Following are a few general guidelines for accurate, efficient modeling.

Become accustomed to working with models directly from the composite
model viewer. This will save you the intermediate step of writing a model to
disk and later having to reload it into the composite viewer for verification.

=5 Composite 1*

TDR/T Schematic l Eye Diagram ] Measure lsimulate ]

Load Waveforms...

Figure 5-2: Composite model viewer

Know which models are most effective for which modeling tasks. Some
assistance is available in the reference material, but a certain amount of expertise
must be gained through experience and through physical understanding of the
problem at hand. Tektronix is also available to give advice on modeling issues.

Ensure that your measured data is accurate. Your models can only be as
accurate as your measurements, so taking the time to do it right will pay off later.
Ensuring that shorts are shorts, opens are opens, and performing other sanity
checks on measured data will save time and headache in troubleshooting later.

Keep models as simple as possible. They are faster to simulate, easier to
troubleshoot, and easier to explain to a colleague or customer. One effective way
to create simple models is to filter your measured data prior to model extraction,
with care of course, to ensure that you are indeed modeling for the risetime at
which your circuit will be operating, and not modeling an order of magnitude
higher than necessary. Also, be certain that you are modeling your DUT, and not
the parasitics associated with your measurement system.

Do you have more modeling tips? Please send them along to Tektronix.
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Simple Source
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Amplitude: I 250m W

Figure 5-3: Simple Source model editor

The source model is an excitation model for launching an incident step into a
DUT model, and is accessible either from the Model/Source menu command or
from the model tool bar. The model parameters are step delay, step risetime, and
step amplitude. The delay is the time elapsed from t=0 before the ramp begins,
and the risetime is the 0%-100% risetime of the ramp. The amplitude is that of
the incident voltage step injected into the DUT model, so in model verification
applications it should be the same as the step launched into the DUT during
measurement, e.g. ~200 mV for HP TDRs, ~250 mV for Tektronix TDRs.

The source model offers a quick, but less accurate, way to simulate a step input.
The accuracy is reduced because the sharp corners at the transitions are likely to
inject more high-frequency content into your DUT model than your real-world
drivers will be injecting into your DUT. Simulation results should be interpreted
accordingly.

PWL Source

The PWL (piecewise-linear) source model is an excitation model for launching
an incident step into a DUT model, and is accessible either from the
Model/PWL Source menu command or from the Model tool bar. The model
consists of a set of time-voltage pairs, which describe a time-domain voltage
waveform. The data points from which the waveform is built are defined via a
graphical user interface, and are built from a measured voltage waveform in
order to accurately represent the excitation conditions present during
measurement.
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PWL Source Measure Tab ~ The first step toward defining a PWL Source model is to load a voltage
waveform by pressing the Measure tab, and then pressing the Reference button
to bring up the waveform selection dialog. You may select a waveform from
either your hard drive, your currently open instrument, or from an open
waveform viewer.

M eazure | Fdadel I

— Select Waveform

Reference ||Heference-Dpen-F‘

Figure 5-4: Piecewise-linear source Measure tab

PWL Source Model Tab  When a waveform is initially loaded, the model consists of two data points, one
at t=0 and one at t=tgjp,. Additional data points are added to the model using the
Model tab to create the new partitions. There should be enough partitions to
accurately represent the measured waveform. (A common rule of thumb is three
to five partitions in the transition.) Creation and manipulation of partitions is
discussed in Partitioning Waveforms in IConnect on page 5-71.
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Figure 5-5: The PWL source model tab is used to partition the PWL source
waveform
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NOTE. The more partitions created, the slower the subsequent simulation will be.
For this reason, create as few as are necessary to achieve the desired accuracy.

Automatic partitioning. As a starting point, you will probably wish to use the
automatic partitioning capability to partition the waveform. The parameter that
controls the error allowed in the process of autopartitioning is the Max. Error:
box in the partition window. To understand this parameter, think of the line
segment connecting the 10% and 90% points of the edge of the step as being the
hypotenuse of a right triangle. The area of this triangle defines the reference
error. Now, consider the integral of the difference between the actual waveform
and the secant approximation introduced by the piecewise linear representation
of the waveform. The cumulative area between any two data points is the actual
error. If the Max. Error: parameter is set to 5%, for example, the error
introduced by the PWL representation is bounded such that the actual error is
never more than 5% of the reference error. When you close IConnect, your
maximum error setting is retained until you run it again.

The remaining parameters for the model are the scale factor and Zg. Zg is the
characteristic impedance of your measurement system, typically 50€2, and
becomes the output impedance of the modeled TDR source. The scale factor is
the amount by which the waveform should be scaled to achieve the proper
amplitude step at the launch point into the DUT model. Nominally this should be
a value of 2.0 if the step waveform loaded via the measure tab is a positive-going
step, or -2.0 if the step waveform is a negative-going step. The factor of two is
necessary because a 5S00mV voltage step is reduced to 250mV as it travels down
the launch cable.

Lumped

NOTE. Information on how to compute lumped L and C values, and tutorial
information on how to incorporate them into IConnect’s Measure-Model-Simu-
late methodology is found in Capacitance and Inductance Computation on
page 9-11 and Lumped LC Computation Tutorial on page 2-39.

The lumped model is built up from RLGC, RLC, RC, or LC sections. The LC
sections may be of pi, T, LC, or CL topology. The model may be used as a valid
low-frequency approximation to an ideal single transmission line, or as a model
for electrically small structures such as packages and connectors which are well
represented by such a topology.

The model is accessible either from the Model/Lumped menu command or from
the model toolbar. The potential parameters to the model are the inductance L,
the capacitance C, the resistance R, and the conductance G. A picture shows
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Passive Equalizer

graphically which topology has been chosen, and how the R, L, G and C
parameters are distributed in that topology. If a more distributed model is
desired, you may increase the number of subsegments, in which case each of the
values shown in the picture is divided by that number and the subsegments are
cascaded. Although this will not typically change the transmission characteristics
of your model, it will generally improve the reflection characteristics to look
more like those of a distributed transmission line.

Lumped 1 [_ O]

Model ——————————
Topology: IHLC "i
Subzegment s |5 _I:

R L L:| 10mH

WTT E:I Fn F
C

I R: In

5 0s

Figure 5-6: Lumped model editor

Example: Assume that we have entered RLGC topology with 5 subsegments and
L=10nH, C= 5pF, R=0.52, and G=5mS. This results in a model with 5 cascaded RLGC
subsegments, each having L=2nH, C=1pF, R=0.1€2, and G=1mS.

The passive equalizer model is built up from RLC or RC sections to model a
passive equalizer used in a communication channel. The model opens the eye by
applying a high pass filter characteristic (reducing signal loss at high frequen-
cies) to the data stream of the transmission line. The model is accessible either
from the Model/Passive Equalizer menu command or from the model toolbar.
The potential parameters to the model are the inductance L, the capacitance C,
and the resistance R. A picture shows graphically which topology has been
chosen, and how the R, L, and C parameters are distributed in that topology.
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Lumped Coupled

Passive Equalizer 2*
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Figure 5-7: Passive Equalizer model editor

NOTE. Information on how to compute lumped L and C values, and tutorial
information on how to incorporate them into IConnect’s Measure-Model-Simu-
late methodology is found in Capacitance and Inductance Computation on
page 9-11 and the Lumped LC Computation Tutorial on page 2-39.

Background. Crosstalk occurs due to energy coupling between adjacent lines.
The signal propagating on the offender line transfers part of its energy onto the
victim line.

Crosstalk effects can be separated into capacitive and inductive crosstalk.
Capacitive crosstalk is due to displacement current through the capacitance
between the lines, similar to capacitance between two parallel plates. Inductive
crosstalk is due to induction current from the offender line into the victim line.

Forward crosstalk (far end of the victim) is proportional to signal risetime on the
offender line, proportional to the line length. It is positive for capacitive coupling
and negative for inductive coupling. Backward crosstalk is not a function of
risetime, and is a sum of capacitive and inductive coupling.
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Further references. [1] H.W.Johnson, M. Graham, High-Speed Digital Design, A
Handbook of Black Magic, Prentice Hall, 1993. [2] A. Feller, H.R. Kaupp, J.J.
Digiacomo, “Crosstalk and Reflections in High-Speed Digital Systems”, AFIPS
Conference Proceedings, Vol. 27, Part 1, Fall 1965 Joint Computer Conference,
pp. 511-525.

Coupled lines modeling. Inductive and capacitive crosstalk may be analyzed
separately by providing a current path exclusively for either type of crosstalk.
This can be achieved similarly to the self capacitance and inductance measure-
ments. By leaving the far end of the victim line open, only a capacitive path for
the current is provided. Alternately, by shorting the far end of the victim to
ground, only an inductive path is obtained. In both cases, it is preferred, but not
necessary, to terminate the aggressor line with a matched impedance. This
prevents the signal on the aggressor line from being reflected and generating
further crosstalk, which can complicate the measurement.

Crosstalk can be computed directly from near-end crosstalk observation. For
inductive crosstalk, the value computed using the L-mutual computation from
the induced waveform, reference short and the background noise waveform
directly represents the mutual inductance between the lines. For capacitive
crosstalk, the computed value is the mutual capacitance between the aggressor
and victim.

Lumped Coupled Model Extraction in IConnect. The IConnect lumped coupled
model is built up from RLCG, RLC, RC, or LC sections. The LC sections may
be of pi, T, LC, or CL topology. Because it models two structures with inductive
and capacitive coupling between them, it may be used as a valid low-frequency
approximation to an ideal set of two coupled transmission lines, or as a model
for electrically small coupled structures such as packages and which are well
represented by such a model.
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Figure 5-8: Lumped Coupled model editor

The model is accessible either from the Model/Lumped Coupled menu
command or from the model toolbar. The potential parameters to the model are
the self and mutual inductance L1, L, and L1, and the self and mutual
capacitance Cq, Cp, and Cy3, the resistance R, and the conductance G. Although
the picture in the modeling window shows the RLGC topology, the various LC
topologies available are equivalent to the analogous topologies shown in the
Lumped (uncoupled) model. If a more distributed model is desired, you may
increase the number of subsegments, in which case each of the values shown in
the picture is divided by that number and the subsegments are cascaded.

Example:As an example, assume that after extracting values for a medium-sized
package we have entered Li=L,=6nH, C{=Cy=1pF, L{»=3nH, C,=5001F, LC
topology, 5 subsegments. This results in a model with 5 cascaded LC subseg-
ments, each having L1=L,=1.2nH, C{=C,=2001F, L{,=600pH, C1,=100fF.

Single Line

The Single Line model consists of nonuniform cascaded RLGC and/or transmis-
sion line sections, and is useful for characterizing structures that are well
represented as a single conducting path. Examples would be microstrip traces
and some package leads. The single line model is accessible either from the
Model/Single Line menu command or from the model tool bar. The graphical
user interface of the single line model editor determines the parameters and
topology of each of the sections, although R and G values must be determined
manually if desired.
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Single Line Measure Tab
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NOTE. A helpful tutorial for modeling with the Single Line model is located in
the Single and Coupled Line Modeling Tutorial on page 2-48.

Measure | Madel I Simulate I
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— Termination
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Impedance; I Bl &

— Select W aveforms

Reference | IHeference-SL.wfm
Reflection | IHeerction-Dpen-SL

Zn B0 Q Computel
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Figure 5-9: Single Line Measure tab

Waveform Type. The first step toward extracting a Single Line model is to load an
impedance waveform from disk by tabbing to the Measure tab of the partition
window. If you prefer to begin with measured voltage waveforms, choose
“Voltage” from the Waveform Type: drop-down list.

NOTE. Using the “Impedance” waveform type is not recommended, since it will
not allow IConnect to automatically build the SPICE netlists for validating your
model. It is available primarily for backward compatibility with prior versions of
IConnect.

Termination Type. You must now tell IConnect how you have the far end of your
DUT terminated by making the appropriate selection from the Type: dropdown
list box in the Termination box. If the DUT is unterminated at the far end,
choose “Open”. If it is matched, choose “Matched”. IConnect will need this
information when it is time to automatically verify your model.

Waveform Selection. Continue by selecting a reference waveform and a reflection
waveform as described in Impedance Profile Computation on page 9-4. If you
have selected matched termination type and would like to make a TDT measure-
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Single Line Model Tab

ment to use in validating your model, you can select and optional transmission
waveform as well.

Compute. Once you have selected your reference and reflection waveforms, press
the Compute button, and the impedance profile of the line will be computed and
placed in the Partitions viewing tab, and the Model tab will automatically be
activated.

NOTE. Depending on the level of noise in your waveform and potential disconti-
nuities present at your signal launch, it may be necessary to adjust the threshold
parameter from its default value if there is oscillation present in your computed
waveform. For more information on computing the impedance profile, see
Impedance Profile Computation on page 9-4.

If you are instead beginning with an existing impedance profile waveform,
choose “Impedance” from the Waveform Type: drop-down list. Click the Zy jne
button and select the impedance waveform either from the disk, from your
current instrument, or from an open waveform viewer. Once a valid waveform is
selected, the Model tab will automatically be activated.

The sections of the Single Line model are created by partitioning the DUT’s
impedance profile waveform into logical sections. IConnect assists in determin-
ing the parameters of each of the sections to speed the creation of the model. The
sections are edited graphically using the Partitions viewing tab, or edited
textually using the Model tab.

Single Line 1.cir - |E||5|
TOR/T| 51 Partiions Measure Model | Simulate |
Oz 1ns 2ns 3nz Automatic
Paitition I ZU:I i
2000 AT: | 388p s
Clear |
160 Marual:
: |
100¢
Topology: T-Line = I
Subzegments: |1 3:
| ]
500 — 0 f"' Impedance: Right Edge ¥
I Fix Partitions
4 | Bl

Figure 5-10: Single Line model editor
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When the impedance waveform is initially loaded into the Partitions viewing
tab, the model consists of a single active partition, with a yellow inactive
partition at each end of the waveform. The inactive partitions signify that the
parts of the waveform they cover are not to be included in the model, since they
represent either the response of the measurement system, in the case of the
left-hand inactive partition, and/or termination circuitry, in the case of the
right-hand inactive partition. Additional partitions are added to the model
automatically by clicking the button labeled Partition in the Automatic box, or
manually using the manual partition creation button. It is up to the discretion of
the modeler how many partitions are necessary and what the type of each ought
to be. Creation and manipulation of partitions is discussed in Partitioning
Waveforms in IConnect on page 5-71.

NOTE. The more partitions created, the slower the subsequent simulation will be.
Thus, as few as are necessary to achieve the desired accuracy ought to be
created.

Automatic partition creation. The automatic partitioning capability in IConnect
can supply a suggested partitioning scheme to get you started in many modeling
situations. It should be stressed, however, that this capability does not take
precedence over your ability as a modeler, and in many cases manual adjustment
by someone with knowledge of the physics of the specific circuit will result in a
more accurate model.

There are two parameters involved in impedance profile partitioning: minimum
feature height and minimum feature width. Both are set by pressing the Options
button in the partition window. The minimum feature width, set in units of
seconds, can be thought of as the narrowest feature that you need to resolve in
your model, and can be set as large as half of your design’s target risetime, but
not lower than the TDR risetime itself. The minimum feature height, given in
ohms, can be thought of as the necessary impedance difference that must be
present in order to create a new partition. This value should be small enough to
catch the impedance variations that you need to model, but large enough that it
does not model measurement noise.

The usefulness of the resultant model, and as such the usefulness of the
autopartitioning capability, depends on properly setting the autopartition
parameters. If too many partitions are being created, you will need to increase
the minimum feature width or height or both. If important waveform features are
being skipped, you may need to decrease these parameters. The best settings will
depend on how clean your measurements are, how fast a risetime you are
targeting your models at, and the resolution of your measured data. When you
close IConnect, your current autopartition settings are saved until the next time
you start it.
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Partition parameters. Each partition is a segment of the final single line model,
and as such each has its own electrical parameters. If the topology of the
partition is anything other than TLine, then the R, L, C, G, and number of
subsegments parameters have the same meaning as described for the lumped
model. If the topology is chosen to be TLine, then the section is modeled by a
single section of lossless ideal transmission line described by characteristic
impedance Zg and delay Ty. It should be noted that Zg, Tq, R, L, G, and C are all
editable parameters, and that the values suggested by IConnect are meant to be
used as a starting point for a good model. (In many cases very little subsequent
tweaking will be required to improve the model fit.)

One parameter specific to the impedance-based models is referred to on the
single-line partition bar as Impedance. The various options in the drop-down list
box, Right Edge, Left Edge, Mean, Min, and Max, all direct IConnect as to
what algorithm to use when calculating the impedance value for the selected
section from the individual waveform data points. Even in the case in which the
topology of the section is not Tline, the impedance is still used as an intermedi-
ate value to obtain the L and C parameters.

NOTE. IConnect will not automatically suggest R or G values. It is the responsi-
bility of the user to supply these values if they are desired.

Single Line Simulate Tab

Cornposite Madel

Simulate |

V] Save Generated Models
S tarmatically

Figure 5-11: Singe Line Simulate tab

Simulation. The Simulate tab is used to set up a complete SPICE simulation and
compare the results against your measurements, in order to validate your model.
After you have extracted the model, you can press the Simulate button in the
Composite Model group on the Simulate tab. IConnect will automatically
generate a composite model for you, complete with source and termination
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models, from your measurements and extracted model parameters. IConnect will
launch the simulation for you, and the results will be placed in a the TDR/T
viewing tab alongside your measured waveforms for comparison.

If the Save Generated Models Automatically box is checked, as many models
as possible will be saved to default names. If the box is unchecked, you will be
asked in succession to save each of the submodel files and the composite model
file prior to your initial simulation run.

NOTE. If files are saved automatically, they will overwrite pre-existing files with
the same name. For this reason, users should be careful when working on more
than one model in the same directory when automatic saving is being used.

Symmetric Coupled Lines

5-14

NOTE. A helpful tutorial for modeling with the Symmetric Coupled Lines model
is located in Single and Coupled Line Modeling Tutorial on page 2-48.

The symmetric coupled lines model consists of nonuniform cascaded coupled
RLGC and/or transmission line sections, and is useful for characterizing
structures that are well represented as dual symmetric conducting paths.
Examples are coupled microstrip traces and some coupled package leads or
connector lines. The symmetric coupled model is accessible either from the
Model/Symmetric Coupled menu command or from the model tool bar. The
graphical user interface of the symmetric coupled lines model editor assists the
user in determining the parameters and topology of each of the sections, although
R and G values must be determined manually if desired.

Even/Odd Mode Modeling. A common approach to modeling two symmetric
coupled transmission lines is via the even and odd modes, each of which is
described by its own characteristic impedance and propagation constant. The
even mode is the response of the system when excited by identical signals at
each of the two inputs, while the odd mode is the response of the system when
excited by opposite signals at the two inputs. Since any pair of signals at the
input to the system can be decomposed into a pair of even signals and a pair of
odd signals, an accurate model of the even and odd responses of the system
completely describes its response to any arbitrary pair of signals.

Through use of the even- and odd-mode impedances and delays, IConnect takes
symmetric coupled lines modeling a step further by allowing the user to model a
response in multiple sections. Since each section has its own electrical parame-
ters, circuits may be characterized in which impedance and coupling vary with
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position. IConnect allows both distributed and lumped segments in the symmet-
ric coupled lines model, as well as coupled and uncoupled segments.

A simple distributed model which enforces that Teyen = Togq is shown below.
Since it accurately recreates the even- and odd-mode impedances, this model is
sufficient for circuits in which the timing difference between the even and odd
modes is negligible, or for circuits which see only one mode or the other (a
typical example would be differential circuits).

> Zeven
L 1
> Z mutual
B
L 1

A more complex model which accurately characterizes both impedances and
both delays is shown below. A passive system is constrained by Zeyen >= Zodd,
Teven >= Todd, and ZeyenTodd >= Zodd Teven- Because of the negative impedance
associated with one of the transmission lines in the model, IConnect enforces
these conditions to ensure the passivity of the model.

O—{ Zodd’ todd )—O

Zodg todd

)
)
[ 2o tus )
)

z even’ /27 teven

1

Lumped segments are also employed in the symmetric coupled lines model. The
lumped segments are of the same topology as those available in the Lumped
Coupled model, where the component values are computed according to

L = % (t evenoeven Tt ogal Odd)

L m = % (tevenZeven - toddZOdd)
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The first step toward extracting a model is to compute even- and odd-mode
impedance waveforms. This is done in the Measure tab.

In order to take even- and odd-mode measurements for your Symmetric Coupled
Lossy Line extraction, you will need to set up your TDR to take differential
measurements. Your TDR manual will have information on how to do this.

The measurements may be taken with the differential pair either open circuited or
terminated at the far end. For more information on how to set up your measure-
ment, refer to Single and Coupled Line Modeling Tutorial on page 2-48.

Measure | Model | Simulats |

whaveform Type: IVoltage ~ I
— Temination

Type: | Open - I
Impedatice; I Ak o

7 Even Mode

Fieference IIDpen-Heference.wf

Reflection IIDpen-Heerction-Dd
Zﬂil 50 @ Eomputel

Threshold: B/ xE

Figure 5-12: Symmetric Coupled Lines Measure tab

Waveform Type. The Waveform Type dropdown list allows you to select which
type of waveform you want to start with. We recommend starting with Voltage
waveforms and computing your impedance waveforms via the ZLine algorithm
directly from the Measure tab. If you choose Voltage, you can load voltage
waveforms from anywhere, including live waveforms directly from your TDR.
Choosing type Impedance allows you to load impedance waveforms previously
computed with the ZLine algorithm elsewhere in IConnect.
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NOTE. Waveform Type Impedance functionality has been maintained for
backward compatibility, and is not recommended for use since it does not allow
you to take advantage of IConnect’s automated Measure/Model/Simulate
capability.

Termination. In the Termination group box, you can tell IConnect what is
happening at the far end of your DUT. If the far end is open-circuited, choose
Open. If it’s matched, choose Matched.

Select Waveforms. You must begin by selecting a reference waveform. This
waveform should be an open circuit (or short circuit) step measured with the
DUT removed from the cable or fixture. The step should be measured at the
positive-going channel of your differential setup.

The even-mode reflection is the TDR waveform measured at the positive-going
channel of the differential setup with both TDR channels launching positive
steps. Odd-mode reflection is the TDR waveform measured at the positive-going
channel of the differential setup with the negative-going channel launching a
negative step.

You can also measure optional transmission waveforms in each case. Care must
be taken when measuring differential transmission, since it requires adjustment
of timing skew between sampling heads.

For more information on measurement setup for even and odd measurements, see
Single and Coupled Line Modeling Tutorial on page 2-48.

If you are using Waveform Type: Impedance, you can simply load in even and
odd impedance waveforms you computed previously.

Compute. Once you have loaded the necessary voltage waveforms, press the
Compute button to compute the even and odd impedance profiles of the coupled
lines using IConnect’s Z-Line algorithm. The impedance profile waveforms will
be placed in the Partitions viewing window, and the Model tab on the right will
automatically be activated.

NOTE. You can find more information on the Z-Line algorithm in Impedance
Profile Computation on page 9-4.
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Model Tab

Z, and Threshold. Z; and Threshold are parameters for the Z-Line algorithm. Zg
is roughly the impedance of your launch cable or trace, and Threshold is the
Z-Line noise reduction parameter. For more specific information on these
parameters, see Impedance Profile Computation on page 9-4.

Sections of the Symmetric Coupled Lines model are created by partitioning the
DUT’s even (common) and odd (differential) impedance profile waveforms into
logical sections. IConnect assists in determining the parameters of each of the
sections to speed the creation of the model. The sections are edited graphically
using the Partitions viewing tab, or edited textually using the Model tab.
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Figure 5-13: Symmetric Coupled Lines Model tab

When the waveforms are initially loaded, the model consists of a single active
partition, with two yellow inactive partitions end of the waveform. The inactive
partitions signify that the parts of the waveforms they cover are not to be
included in the model, since they represent either the response of the measure-
ment system and/or termination circuitry. Additional partitions are added to the
model automatically by clicking the button labeled Partition, or manually using
the partition creation button. It is left to the discretion of the modeler how many
partitions are necessary and what the type of each ought to be. Creation and
manipulation of partitions is discussed in Partitioning Waveforms in IConnect on
page 5-71.

NOTE. The more partitions created, the slower the subsequent simulation will be.
Thus, as few as are necessary to achieve the desired accuracy ought to be
created.
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Automatic partition creation. The automatic partitioning capability in IConnect
can supply a suggested partitioning scheme to get you started in many modeling
situations. It should be stressed, however, that this capability does not take
precedence over your ability as a modeler, and in many cases manual adjustment
by someone with knowledge of the physics of the specific circuit will result in a
more accurate model.

There are two parameters involved in impedance profile partitioning: minimum
feature height and minimum feature width. Both apply to the even model
waveform, and are set by pressing the Options button in the partition window.
The minimum feature width, set in units of seconds, can be thought of as the
narrowest feature that you need to resolve in your model, and can be set as large
as half of your design’s target risetime, but not lower than the TDR risetime
itself. The minimum feature height, given in ohms, can be thought of as
necessary impedance difference that must be present in order to create a new
partition. This value should be small enough to catch the impedance variations
that you need to model, but large enough that it does not model measurement
noise. Additional information in automatic partitioning of impedance waveforms
may be found in Single Line on page 5-9.

Partition parameters. Each partition is a segment of the final coupled lines model,
and as such each has its own electrical parameters. If the topology of the
partition is anything other than TLine, then the R, L, Ly;;, C, Cp,, G, and number
of subsegments parameters have the same meaning as described for the lumped
coupled model. If the topology is chosen to be TLine, then the section is
characterized by is even-mode impedance and delay (Z,T,) and its odd-mode
impedance and delay (Z,,T,). The details of the model internals have already
been described at the beginning of this section. It should be noted that Z, Te, Z,,
To, R, L, Ly, G, C, and Cy, are all editable parameters, and that the values
suggested by IConnect are meant to be used as a starting point for a good model.
(In many cases very little subsequent tweaking will be required to improve the
model fit.)

Each partition may be either uncoupled or coupled. This simplifies modeling of
line pairs which may run separately for a distance and together for a distance.
This property is chosen by using the check box marked Coupled on the
Partition tab. For coupled segments, the user has the option of choosing whether
or not to keep the even and odd mode delays equal, via the Keep Teven = Todd
checkbox. Because it simplifies the modeling process, this option is useful for
applications in which the delay difference between the modes is negligible. If a
segment is chosen to have Teyen and Tygq varying, a dashed cursor appears within
the segment. This cursor may be used to choose the odd-mode delay for the
section. The odd-mode delay is taken to be the distance from the left-hand
even-mode cursor for the section to the odd-mode cursor for the section. Note
that the odd-mode delay may not be larger than the even-mode delay, nor may it
be less than or equal to zero. Finally, it should be noted that there are certain
combinations of even and odd Z and t which cause Cp, to go negative. Although
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positioning of the cursors is allowed which might lead to such combinations, the
cursor color is changed to red and the resulting model may not be saved, since it
could have stability problems in the subsequent simulation.

NOTE. If you would like to be apprised of partition errors as you work, check
Always report partition errors in the partition tab.

One parameter specific to the impedance-based models is referred to on the
partition tab as Impedance. The various options in the drop-down list box,
Right Edge, Left Edge, Mean, Min, and Max, all direct [Connect as to what
algorithm to use when calculating the impedance value for the selected section
from the individual waveform data points. Even in the case in which the
topology of the section is not TLine, the impedance is still used as an intermedi-
ate value to obtain the L and C parameters.

NOTE. IConnect will not automatically suggest R or G values. It is the responsi-
bility of the user to supply these values if they are desired.

Compozite Models

Simulate |

Sawve Generated Models
v ko aticsall

Figure 5-14: Symmetric Coupled Lines Simulate tab

Simulation. The Simulate tab is used to set up a complete SPICE simulation and
compare the results against your measurements, in order to validate your model.
After you have extracted the model, you can press the Simulate button in the
Composite Model group on the Simulate tab. IConnect will automatically
generate two composite models for you: one for the even mode simulation, and
one for the odd mode simulation. The models are generated complete with
source and termination models based on information you provided in the
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Symmetric Coupled Lines Measure tab. [Connect will launch the simulation for
you, and the results will be placed in a the TDR/T viewing tab alongside your
measured waveforms for comparison.

If the Save Generated Models Automatically box is checked, as many models
as possible will be saved to default names. If the box is unchecked, you will be
asked in succession to save each of the submodel files and the composite model
file prior to your initial simulation run.

NOTE. If files are saved automatically, they will overwrite pre-existing files with
the same name. For this reason, users should be careful when working on more
than one model in the same directory when automatic saving is being used.

If you decide to tweak your model after the initial extraction, you can continue
pressing the Simulate button after each tweak to evaluate the results.

Even-mode and Odd- mode Verification. IConnect generates and simulates both
even and odd modes for you automatically. The reason is that any signal carried
by two coupled transmission lines can be reduced to its even and odd compo-
nents. If both of these components are accurately represented by your model,
then any combination of them will also be accurately represented.

Since you know that the signal on your differential pair will be primarily
differential, it is more important to accurately model odd-mode impedance and
delay. However, accurately modeling of both even and odd responses means your
model will not have to rely on the assumption that any common mode signal will
be negligible.

Lossy Line

NOTE. Lossy Line Modeling Tutorial on page 2-60 is a tutorial which takes you
step by step through the process of extracting and validating a lossy line.

As digital circuit speeds continue to rise, transmission line loss plays an
increasingly important role in signal integrity analysis. Transmission line loss is
caused in large part by two factors: skin loss in the conductors, and dielectric
loss. The primary results are risetime and amplitude degradation. Propagation
delay becomes dependent on risetime, and amplitude degradation becomes
dependent on clock frequency and bit sequences. The combination of these
effects is eye closure at increased clock frequencies.
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NOTE. When choosing a simulator for Lossy Line simulations, the built-in
IConnect Linear Simulator performs a much faster simulation than the Berkeley
SPICE simulator.

Skin Loss. Skin loss is caused by the fact that at higher frequencies, electromag-
netic fields are not able to penetrate as deep into conductive materials. As a
result, current flow is confined to a continuously shallower “skin” on the surface
of the metal as frequency increases. The most noticeable result is an increased
resistance at higher frequencies as the current flows through an ever-decreasing
cross-sectional area. The resistance of a conductor tends to increase with a
square-root-like dependency on frequency. The exact relationship between
resistance and frequency depends on the geometry of the conductor. Within
IConnect, the equation

R =~ R, f

is used to compute skin effect resistance. The approximation is necessary in
order to ensure that the resulting transmission line response is causal, and it
should be noted that the inductance of the transmission line necessarily becomes
weakly frequency dependent as a result. The meanings of R, L, G, and C of a
transmission line are discussed at length in the suggested reading material listed
below.

Dielectric loss. Dielectric loss is caused when the ideally insulative dielectric
conducts current. Conductivity of most dielectrics used in transmission line
design tends to increase linearly with frequency in typical digital frequency
ranges. Comparing this relationship to the sublinear, square-root-like dependency
of conductor resistance on frequency, we can see that at higher frequencies,
conductor loss will dominate skin loss. The frequency at which it becomes
dominant is dependent on circuit geometry and materials properties. Within
IConnect, the equation

G = G.f

is used to represent the conductance per unit length contributed by the dielectric.
The approximation is necessary to ensure that the resulting transmission line
response is causal, and it should be noted that the capacitance of the transmission
line necessary becomes weakly frequency dependent as a result.

Suggested reading. D. A. Smolyansky, S. D. Corey, “Characterization of
Differential Interconnects from Time Domain Reflectometry Measurements,” -
Microwave Journal, Vol. 43, No. 3, pp. 68-80 (Tektronix application note
DIFF-1099)
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Clayton R. Paul, Analysis of Multiconductor Transmission Lines, John Wiley
and Sons, New York, 1994.

Lossy Line Measure Tab
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Figure 5-15: Lossy Line Measure tab

Termination Type. The first step in creating a lossy line model is to load the TDR
waveforms. You have the choice of measuring either open-circuit waveforms, or
measuring matched reflection and matched transmission waveforms. Which you
choose will depend on several factors:

Open-circuit reflection waveforms do not require the ability to fixture one side of
the transmission line. Only a clean signal launch at one end of the device is
required.

Matched transmission and reflection measurements potentially allow more
accurate extraction, provided that care is taken to get accurate measurements,
since the loss is very well represented in the transmission waveform. However,
taking transmission measurements requires access to the far end of the DUT. It
also requires that either the cables being used on the two measurement channels
are the same length, or that the two scope channels are deskewed so as to account
for any delay difference between the two cables. Your oscilloscope manual will
provide details on how to deskew scope channels. If cable delay mismatch is not
taken into account, the measured delay of the device will not be accurate.

Once you have decided which extraction method to use, you can inform
IConnect by selecting the chosen termination type from the dropdown box
labeled Type on the Measure tab at the right-hand side of the lossy line window.
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Lossy Line Model Tab

Waveform Selection. Depending on which method you have chosen, you will
have the ability to load in either two or three waveforms. Each waveform is
loaded by clicking on its associated button, which allows you to load an active
waveform from the current instrument to which you are connected, a previously
saved waveform from disk, or a waveform displayed in an open waveform
viewer.

NOTE. The reference waveform refers to an open-circuit measurement taken with
the DUT removed. This waveform represents the response of the measurement
system and fixture in the absence of the DUT.

As the reflection and possibly transmission waveforms are loaded, the scattering
parameters will be automatically computed and displayed in the tab labeled S(f).

Model extraction. Having loaded the relevant waveforms into the lossy line
modeling window, switch to the tab labeled Model at the right-hand side of the
lossy line window to extract the model parameters. Within the Model tab, you
have the option to evaluate the response of the DUT using various model
parameters, or to have IConnect optimize the model parameters to fit your
measurements.

Lossy Line 1.cir E =10

TOR/T| 5l ALGC | Eye Disgram| Measua Model | Simulate |
Hz 2GHz 4GHz BGHz BGHz 10GHz 12GH  -Loss Parameters———

=

1Ea R Rdg 381m 2 u
g G 264n S r
a00ma Rac 131w @H2%
400me: Gac 5.29p S/Hz -
57.80H — e EE.2n H r
E7.4rH Coo 235 F r
E7rH
EB.BrH ,ml
66.2nH - Diptimizatior
B0mS —G Compuite Options. I

40m3
20mS
05

r~ Lumped Maodel
& Mirimum risstime: 3Ep s

" Subsegments 2183:
28pF
o~ Metigt——
26pF ¥ Seale parameters by: 1
r Use 'wW-Element when using
HSpice

30pF ¢

Figure 5-16: The Model tab

IConnect® and MeasureXtractor™ 4.0 User Manual



Models

Evaluate. When you click this button, a model is generated using the parameters
currently in the boxes. The response of that model to the measured input step is
computed internally within IConnect and displayed in the TDR/T viewer tab for
comparison with the measured data. The resulting scattering parameters are
shown in the S(f) tab. The computed R, L, G, and C parameters are shown in the
RLGC tab.

Optimization. When you click on the Compute button in the Optimization
group, IConnect attempts to optimize the model parameters to fit the measure-
ments you have made. When it has completed the optimization, the results will
be displayed as described in the Evaluate subsection above. If you press the
Options button in the Optimization group, you will have the option to set two
values which are the stopping criteria for the optimization. The Max. Iterations
value is the maximum number of iterations that IConnect will perform before
ending its optimization attempt. The Precision is the maximum average percent
error that IConnect will allow before the optimization is considered complete.
Optimization ends when either the user presses the Cancel button, or one of the
above two criteria is met.

Optimization Dpkio x|

bl am. [terations: I A00
F'reu:isinn:l 1%

0k I Cancel |

Figure 5-17: The Lossy Line Optimization Options dialog box

Lumped Model. If you are using lumped-element models, it will be necessary to
determine how many segments will be used to represent the circuit. It is often
stated that each segment should be no longer electrically than one sixth the
risetime of the incident step signal. Using a larger number of subsegments results
in a model which is accurate at a faster risetime (higher bandwidth), but the
model will be slower to simulate. To specify the number of subsegments, click
on the Subsegments button and adjust the number of subsegments prior to
saving the model.

NOTE. Specifying the Minimum Risetime parameter is the recommended
approach, since it causes IConnect to automatically calculate the number of
subsegments necessary for an accurate simulation.
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Specifying the Minimum risetime parameter informs IConnect of the shortest
risetime signal with which you intend to excite your model. Click on the
Minimum Risetime button and enter the risetime value prior to saving the
model. IConnect will then calculate the necessary number of subsegments such
that the electrical length of each is approximately one sixth the specified
risetime. If you want to have greater control over the number of subsegments,
you can enter the number explicitly using the Subsegments button.

Another issue which may occasionally arise is the ability of a simulator to
converge to a solution. Because simulation using distributed models is a
relatively new field compared to simulation using lumped elements, it is possible
that in some cases simulations using lumped elements may show improved
convergence. However, the most common cause for non-convergence in a
simulation is bugs in the models of any nonlinear components present in the
simulation and not the transmission line models.

Scale Parameters. The IConnect lossy line model gives you the ability to easily
scale the length of your model when writing your netlist. This capability is
useful since the once the parameters are extracted for a length of transmission
line, they can be scaled to accurately represent transmission lines of varying
lengths. To scale the length of your model, check the Scale Parameters By box,
which will enable the window and allow you to enter a value. If the box is left
unchecked, the value in the entry window will be ignored when the model is
saved.

NOTE. The Scale Parameters By value is a ratio, and not a percentage.

This property should not be confused with the HSpice length parameter which is
specific to the W Element. All W Element models are saved with their length
parameter set to 1.0. For more information on the W Element and its associated
length parameter, consult your HSpice user manual.

Use W-Element in HSpice. The W-Element is a distributed lossy transmission line
model available to HSpice users. If you would like your HSpice lossy line model
to be saved as a W-element model, ensure that the Use W-Element when using
HSpice box is checked. This is the default behavior. If the box is unchecked
when the model is saved, the model will be saved as a lumped model, even if it
is saved using HSpice syntax. If the model is saved in a simulator syntax other
than HSpice, this option is ignored, and the model will always be saved as a
lumped-element model.

IConnect® and MeasureXtractor™ 4.0 User Manual



Models

Lossy Line Simulate Tab

IConnect® and MeasureXtractor™ 4.0 User Manual

NOTE. In some versions of HSpice, setting R, in the W-Element netlist to a small
value will cause HSpice to also set the values of Gz and R to zero, resulting in
simulated waveforms that do not include skin or dielectric losses. If you see
simulation results which appear lossless when they should be lossy and you
suspect this is happening, we recommend that you increase the value of the Ry,
parameter manually in IConnect to a small value, such as 1m&2 in order to
cause HSpice to use the provided values of Gy and R;.
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Figure 5-18: Lossy Line Simulate tab

Simulation. The Simulate tab is used to set up a complete SPICE simulation and
compare the results against your measurements, in order to validate your model.
After you have extracted the model, you can press the Simulate button in the
Composite Model group on the Simulate tab. IConnect will automatically
generate a composite model for you, complete with source and termination
models, from your measurements and extracted model parameters, and will
launch the simulation for you. The results will be placed in the TDR/T viewing
tab alongside your measured waveforms for comparison.

If the Save Generated Models Automatically box is checked, as many models
as possible will be saved to default names. If the box is unchecked, you will be
asked in succession to save each of the submodel files and the composite model
file prior to your initial simulation run.

5-27



Models

5-28

NOTE. If files are saved automatically, they will overwrite pre-existing files with
the same name. For this reason, users should be careful when working on more
than one model in the same directory when automatic saving is being used.

If you decide to tweak your model after the initial extraction, you can continue
pressing the Simulate button after each tweak to evaluate the results.

Eye Diagram. Clicking the Display button in the Eye Diagram group causes
IConnect to display an eye diagram based on the measured data or model
parameters and the eye diagram options settings. For information on computing
the eye diagram and setting the eye diagram options, see Eye Diagram Computa-
tion and Mask Testing on page 5-58.
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Figure 5-19: An Eye Diagram

Eye Diagram Mask Testing. You may also perform mask testing on the computed
eye diagram. Click the New button to create a new mask when none is currently
being displayed. If a mask is currently being displayed, the New button will be
labeled Edit Mask; you may edit the mask by pressing this button. To clear the
currently displayed mask, press Clear Mask. You may press the Load button to
load a mask which was previously created and saved in IConnect. For more
information on mask creation and manipulation, see Eye Diagram Computation
and Mask Testing on page 5-58.
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Symmetric Coupled Lossy Lines

NOTE. Lossy Line Modeling Tutorial on page 2-60 is a tutorial which takes you
step by step through the process of extracting and validating uncoupled and
coupled lossy line models.

The Symmetric Coupled Lossy Line model allows you to simulate skin effect
and dielectric loss, together with intersymbol interference (ISI) and crosstalk
effects. It also allows you to predict the eye diagram degradation due to losses
and ISI in the interconnects. You may also incorporate eye diagram closure
effects due to crosstalk from neighboring line pairs.

NOTE. Important and useful background information on lossy line modeling may
be found in Lossy Line on page 5-21. The Symmetric Coupled Lossy Lines
model uses the same mathematical basis as the Lossy Line model, except that the
RLGC parameters are now 2x2 matrices instead of scalar quantities.

Symmetric Coupled Lossy Lines RLGC Parameters. The Symmetric Coupled
Lossy Lines R, L, G, and C parameters are 2x2 matrices of the form

/a2
a
The matrices are symmetric (off-diagonals X, M equal) because RLGC

matrices are always symmetric. The matrix is persymmetric (diagonals Xy are

equal) because of the symmetry of the differential transmission lines being

modeled. As a result, only two matrix entries, Xy and Xin are necessary to

represent each parameter. Due to the definitions of R, L, G, and C, the off-diago-
nal elements of the G and C matrices are necessarily negative values.

Even and Odd Extraction. Because there are twice as many parameters as there are
in a single lossy line model, even and odd measurements are necessary to extract
the model.
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Figure 5-20: Symmetric Coupled Lossy Lines Measure tab

Termination Type. The first step in creating a symmetric coupled lossy lines
model is to load the TDR waveforms. You have the choice of measuring either
open-circuit waveforms, or measuring matched reflection and matched transmis-
sion waveforms. Which you choose will depend on several factors:

Open-circuit reflection waveforms do not require the ability to fixture one side of
the transmission line. Only a clean signal launch at one end of the device is
required. You must only deskew between two channels on a single sampling
head, which is straightforward.

Matched transmission and reflection measurements potentially allow more
accurate extraction, provided that care is taken to get accurate measurements,
since the loss is very well represented in the transmission waveform. However,
taking transmission measurements requires access to the far end of the DUT. It
also requires that either the cables being used on the two measurement channels
are the same length, or that the two scope channels are deskewed so as to account
for any delay difference between the two cables. Furthermore, because the
symmetric coupled lossy line model requires differential measurements, the
deskewing has to be done between separate sampling heads, which is not a trivial
task. Your oscilloscope manual will provide details on how to deskew scope
channels. If cable delay mismatch is not taken into account, the measured delay
of the device will not be accurate.

Once you have decided which extraction method to use, you can inform
IConnect by selecting the chosen termination type from the dropdown box
labeled Type on the Measure tab at the right-hand side of the lossy line window.
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Waveform Selection. To select your waveforms, you will need to click on the
DUT button, which opens a window titled ”Load DUT Waveforms”. Depending
on which method you have chosen, you will have the ability to load in either
three or five waveforms. Each waveform is loaded by clicking on its associated
button, which allows you to load an active waveform from the current instrument
to which you are connected, a previously saved waveform from disk, or a
waveform displayed in an open waveform viewer. Once you have loaded all
DUT waveforms, click OK.

NOTE. The reference waveform refers to an open-circuit measurement taken with
the DUT removed. This waveform represents the response of the measurement
system and fixture in the absence of the DUT.

The even-mode reflection is the TDR waveform measured at the positive-going
channel of the differential setup with both TDR channels launching positive
steps. Odd-mode reflection is the TDR waveform measured at the positive-going
channel of the differential setup with the negative-going channel launching a
negative step. If you have chosen matched termination type, you will need to
measure a TDT waveform in each case as well.

As the reflection and possibly transmission waveforms are loaded, the scattering
parameters will be automatically computed and displayed in the tab labeled S(f).

Aggressor Waveforms. If you intend to perform an eye diagram analysis which
includes crosstalk from nearby line pairs, you will need to load aggressor
waveforms for each nearby line pair. Begin by clicking on the Use Aggressors
button on the Measure page. A set of eight buttons will appear, allowing you to
incorporate crosstalk effects from up to eight nearby line pairs. Clicking on a
button opens a window that allows you to enter the appropriate aggressor
waveforms. Detailed information on loading aggressor waveforms is located in
Waveforms for Eye Diagram Computation on page 5-59.

Symmetric Coupled Lossy  Model extraction. Having loaded the relevant waveforms into the symmetric
Lines Model Tab  coupled lossy lines modeling window, switch to the tab labeled Model at the
right-hand side of the lossy line window to extract the model parameters. Within
the Model tab, you have the option to evaluate the response of the DUT using
various model parameters, or to have IConnect optimize the model parameters to
fit your measurements.
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Figure 5-21: Optimized model parameters overlayed on the measured waveforms

Self and Mutual Parameters. The self and mutual parameters are the diagonal and
off-diagonal elements of the matrices described in Symmetric Coupled Lossy
Lines on page 5-29. To edit one or the other, first click on the Self or Mutual
radio button to display the correct set of parameters for editing.

Evaluate. When you click this button, a model is generated using the parameters
currently in the boxes. The response of that model to the measured input step is
computed internally within IConnect and displayed in the TDR/T viewer tab for
comparison with the measured data. The resulting scattering parameters are
shown in the S(f) tab. The computed R, L, G, and C parameters are shown in the
RLGC tab.

Optimization. When you click on the Compute button in the Optimization
group, [Connect attempts to optimize the model parameters to fit the measure-
ments you have made. When it has completed the optimization, the results will
be displayed as described in the Evaluate subsection above.
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NOTE. You may be able to speed up your optimization by first fixing all mutual
parameters at zero and optimizing only the self parameters. Then unfix the
mutual parameters and allow them to optimize as well. Typically Ry.1> and R,c12
may be fixed at zero.

If you press the Options button in the Optimization group, you will have the
option to set two values which are the stopping criteria for the optimization. The
Max. Iterations value is the maximum number of iterations that IConnect will
perform before ending its optimization attempt. The Precision is the maximum
average percent error that IConnect will allow before the optimization is
considered complete. Optimization ends when either the user presses the Cancel
button, or one of the above two criteria is met.
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Figure 5-22: The Symmetric Coupled Lossy Line optimization options dialog

Lumped Model. If you are using lumped-element models, it will be necessary to
determine how many segments will be used to represent the circuit. It is often
stated that each segment should be no longer electrically than one sixth the
risetime of the incident step signal. Using a larger number of subsegments results
in a model which is accurate at a faster risetime (higher bandwidth), but the
model will be slower to simulate. To specify the number of subsegments, click
on the Subsegments button and adjust the number of subsegments prior to
saving the model.

NOTE. Specifying the Minimum Risetime parameter is the recommended
approach, since it causes IConnect to automatically calculate the number of
subsegments necessary for an accurate simulation.

Specifying the Minimum risetime parameter informs IConnect of the shortest
risetime signal with which you intend to excite your model. Click on the
Minimum Risetime button and enter the risetime value prior to saving the
model. IConnect will then calculate the necessary number of subsegments such
that the electrical length of each is approximately one sixth the specified

IConnect® and MeasureXtractor™ 4.0 User Manual 5-33



Models

5-34

risetime. If you want to have greater control over the number of subsegments,
you can enter the number explicitly using the Subsegments button.

Another issue which may occasionally arise is the ability of a simulator to
converge to a solution. Because simulation using distributed models is a
relatively new field compared to simulation using lumped elements, it is possible
that in some cases simulations using lumped elements may show improved
convergence. However, the most common cause for non-convergence in a
simulation is bugs in the models of any nonlinear components present in the
simulation and not the transmission line models.

Scale Parameters. The IConnect lossy line model gives you the ability to easily
scale the length of your model when writing your netlist. This capability is
useful since the once the parameters are extracted for a length of transmission
line, they can be scaled to accurately represent transmission lines of varying
lengths. To scale the length of your model, check the Scale Parameters By box,
which will enable the window and allow you to enter a value. If the box is left
unchecked, the value in the entry window will be ignored when the model is
saved.

NOTE. The Scale Parameters By value is a ratio, and not a percentage.

This property should not be confused with the HSpice length parameter which is
specific to the W Element. All W Element models are saved with their length
parameter set to 1.0. For more information on the W Element and its associated
length parameter, consult your HSpice user manual.

Use W-Element in HSpice. The W-Element is a distributed lossy transmission line
model available to HSpice users. If you would like your HSpice lossy line model
to be saved as a W-element model, ensure that the Use W-Element when using
HSpice box is checked. This is the default behavior. If the box is unchecked
when the model is saved, the model will be saved as a lumped model, even if it
is saved using HSpice syntax. If the model is saved in a simulator syntax other
than HSpice, this option is ignored, and the model will always be saved as a
lumped-element model.

NOTE. In some versions of HSpice, setting the R, matrix in the W-Element netlist
to small values will cause HSpice to also set the values of the Gz and Ry matrices
to zero, resulting in simulated waveforms that do not include skin or dielectric
losses. If you see simulation results which appear lossless when they should be
lossy and you suspect this is happening, we recommend that you increase the
value of the Ry.j; parameter manually in IConnect to a small value, such as
1m& in order to cause HSpice to use the provided values of G5 and R;.
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IConnect® and MeasureXtractor™ 4.0 User Manual

Measwel Model Simulate |

— Campoasite kMadel

Sirnulate |

Sawe Generated Model:
M & Lkornatically

—Eye Diagram
Display I

— Eye Diagram Mazk
MHew | Load |

bl agh, Wame: I
[ Eam A Esk |

Optionz. .. |

Figure 5-23: Symmetric Coupled Lossy Lines Simulate tab

Simulation. The Simulate tab is used to set up a complete SPICE simulation and
compare the results against your measurements, in order to validate your model.
After you have extracted the model, you can press the Simulate button in the
Composite Model group on the Simulate tab. IConnect will automatically
generate two composite models for you: one for the even mode simulation, and
one for the odd mode simulation. The models are generated complete with
source and termination models based on information you provided in the
Symmetric Coupled Lines Measure tab. [Connect will launch the simulation for
you, and the results will be placed in a the TDR/T viewing tab alongside your
measured waveforms for comparison.

If the Save Generated Models Automatically box is checked, as many models
as possible will be saved to default names. If the box is unchecked, you will be
asked in succession to save each of the submodel files and the composite model
file prior to your initial simulation run.

NOTE. If files are saved automatically, they will overwrite pre-existing files with
the same name. For this reason, users should be careful when working on more
than one model in the same directory when automatic saving is being used.

If you decide to tweak your model after the initial extraction, you can continue
pressing the Simulate button after each tweak to evaluate the results.

Even-mode and Odd- mode Verification. IConnect generates and simulates both
even and odd modes for you automatically. The reason is that any signal carried
by two coupled transmission lines can be reduced to its even and odd compo-
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nents. If both of these components are accurately represented by your model,
then any combination of them will also be accurately represented.

Since you know that the signal on your differential pair will be primarily
differential, it is more important to accurately model odd-mode impedance and
delay. However, accurately modeling of both even and odd responses means your
model will not have to rely on the assumption that any common mode signal will
be negligible.

Eye diagram. Clicking the Display button in the Eye Diagram group causes
IConnect to display an eye diagram of the odd mode of your device, based on the
measured data or model parameters and the eye diagram options settings. For
information on computing the eye diagram and setting the eye diagram options,
see Eye Diagram Computation and Mask Testing on page 5-58.

Eye Diagram Mask Testing. You may also perform mask testing on the computed
eye diagram. Click the New button to create a new mask when none is currently
being displayed. If a mask is currently being displayed, the New button will be
labeled Edit Mask; you may edit the mask by pressing this button. To clear the
currently displayed mask, press Clear Mask. You may press the Load button to
load a mask which was previously created and saved in IConnect. For more
information on mask creation and manipulation, see Eye Diagram Computation
and Mask Testing on page 5-58.

NOTE. MeasureXtractor Modeling Tutorial on page 2-73 takes you through the
measurement and modeling process for the Data Driven Single Line and Data
Driven Coupled Lines models.

The data driven models in IConnect allow you to bypass any manual intervention
in the modeling process using IConnect’s MeasureXtractor modeling technology.
The extracted model is a SPICE netlist which accurately represents the circuit
being modeled. The passivity of the model is guaranteed by the extraction
process. [Connect currently supports automatic model extraction for two-port
and four-port models, which correspond nicely to single-line and coupled-line
circuits.

NOTE. The linear simulator should be used if you want to simulate composite
models containing blocks of S-Parameters in Data Driven models that have not
been extracted into a SPICE model using MeasureXtractor.
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When is a data- driven model most appropriate?. Data Driven models are best used
for devices which are electrically short or medium-sized. A rough rule of thumb
might be that the device should be fewer than 20 wavelengths in length. Longer
devices may take too long to extract. Another equivalent rule of thumb might be
that the electrical length of the device shouldn’t be more than 100 times the
risetime of the signal you will use to excite the model. This is because for
waveforms with a large number of data points, the extraction time will increase.
Furthermore, simulation time of the resultant model will also increase. If your
circuit is large, such as

NOTE. Electrically large circuits will take longer to extract using the data driven
model, and will have larger simulation run times. If your circuit’s electrical
length is greater than, say, 100 risetimes, you may do better to use one of
IConnect’s distributed models, such as Lossy Line or Coupled Lossy Line.

Data driven model extraction results in a SPICE netlist which very accurately
replicates the behavior of the measured device, but this netlist cannot be
tweaked, and will not be structurally recognizable. As a result, you should not
use the data driven models if you intend to tweak the resulting model.

Time- domain and frequency- domain data. As with all IConnect models, the data
driven models may be extracted from TDR data. However, you may also extract
your model directly from frequency-domain scattering parameters stored in a
Touchstone file. Touchstone is a common file format used to export frequency-
domain data from network analyzers and field solvers.

Multiport Networks. The data driven models are based on the concept of multiport
networks and a system matrix. For this reason, you have to take multiple
measurements to be able to characterize the model. An n-port network is
generally characterized by an nxn system matrix, which implies

n2 waveforms. However, because interconnect systems are reciprocal, their

system matrices are symmetric, which means the lower half of the matrix is the
same as the other half. In measurement terms, this means that the TDT measure-
ment from port 1 to port 2 is the same as that from port 2 to port 1. As a result,
we need only pn(p + 1) /2 response waveforms to characterize the circuit. If we

are using TDR measurements, we will need an additional n reference waveforms
to de-embed the effects of the measurement system on the results. This is the
open circuit waveform measured at the end of the fixturing system used to excite
the model, just like the reference waveforms used in all other IConnect models.
Each of the data driven measure tabs shows you exactly which waveforms you
will need to measure in order to extract the model.
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The Data Driven Single Line Measure tab shown here can load either time-domain or frequency-domain
data. The same is true for the Data Driven Coupled Lines measure tab, not shown

Figure 5-24: The Data Driven Single Line Measure tab

Domain. Use the Time and Frequency domain buttons to configure IConnect to
load the type of data you will be using. If you are using time-domain data, you
will load the data from your instrument or from a waveform file on disk the same
way it is loaded into the other IConnect models. If you are using frequency
domain files, you will load it from a Touchstone file.

NOTE. If you are bringing in frequency domain data to extract your data-driven
model, be sure to read the sections below on how to get the best resullts.
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Time Domain: Select Waveforms. Begin time-domain waveform selection by
clicking on the radio button for the port you want to measure (IConnect defaults
to port 1). You will need to load a reference waveform and a set of TDR and
TDT devices from your DUT, as directed by the Measure tab.

Frequency Domain: Load Touchstone Files. You will need to load a two-port
Touchstone file if you are using Data Driven Single Line, or a four-port
Touchstone file if you are using Data Driven Coupled Line. Most frequency-do-
main measurement instruments and most field solvers are capable of exporting
Touchstone data.

NOTE. IConnect expects data which is sampled evenly in frequency. If your data
is not, you will have to edit it such that it is.

Frequency Domain: Risetime. Since IConnect will be converting your frequency-
domain measurements into equivalent TDR measurements, it will need to know
the risetime that you want to target in the transformation. If you set the target
risetime to zero, [Connect will compute the fastest possible risetime and use it.
Otherwise you may set the risetime to whatever is appropriate for your modeling
task. Ideally it should be not much higher than the risetime the DUT will see in
actual usage. If you set a risetime which is deemed too high based on the
frequency range of the measurements, IConnect will set it to the fastest possible
risetime supported by the data.

Frequency Domain: Set DC Values. Because it is common for frequency-domain
measurement instruments and field solvers to not measure or compute the device
response at DC, it is usually necessary to extrapolate the measured data down to
zero frequency. [Connect will automatically do this on its own when the
Touchstone file is loaded, based on the lowest frequency measurements present.
However, if you know the DC response based on DC measurements or other
means, you may click the Set DC Values button, which will bring up a window
for entering the DC response. Remember, if you do not accurately know the DC
response, you should allow IConnect to do its own extrapolation.
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Figure 5-25: Set DC Values dialog

If you click OK from this dialog, the Touchstone file will be reloaded into
IConnect. If the Compute from data button was clicked, IConnect will perform
the extrapolation to DC on its own. If the Use these values button was checked,
IConnect will not do its own extrapolation, but will rely on the values supplied.
Remember, if you do not know the values, you should allow IConnect to
perform its own extrapolation.

NOTE. If you know the DC values, you may do well to enter them in the
Touchstone file itself. However, remember that IConnect looks for evenly
sampled frequency-domain data, so your sampling scheme may not support
inclusion of the DC response in the Touchstone file.

When [Connect transforms your frequency-domain measurements into TDR
measurements, it will automatically truncate your waveforms if there is a long
stretch of steady state behavior after the “interesting” part of the waveforms.
However, in certain cases, in particular when IConnect has to extrapolate several
data points in the low-frequency portion of the spectrum, it may not successfully
be able to truncate the waveforms due to ambiguity in the low-frequency
extrapolation. If it is clear to you, based on your physical knowledge of the
device under test, that the waveforms can be accurately truncated, you should do
so, since it can greatly speed up the speed of your MeasureXtractor model
extraction.
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NOTE. It is very important that you do not over-truncate your waveforms. If you
do, your extraction will not be accurate, because inaccuracies will probably be
introduced when your data is checked for passivity.

It is recommended that you leave around 10% of the length of your waveform
beyond where it reaches steady state. The same is true when taking TDR
measurements.

The truncation is performed by clicking the Truncate... button, which opens the
Truncate Waveforms dialog box (Figure 5-26). Clicking on the Truncate
waveforms To radio button, and enter the time value to which you would like to
truncate the data set. If you have previously truncated your data and have
decided that you would rather not have it truncated, click the Use automatically
calculated waveform length radio button, and IConnect will use its own
algorithms to determine the truncation length. If you would like to truncate your
data to a length longer than your currently selected truncation length, but shorter
than IConnect’s automatically determined length, you will have to first have the
data automatically truncated, and then truncate it to your desired length. This is
because IConnect does not allow you to truncate your data to a length longer
than the current truncation length.

Truncakte Waveforms ﬂ

£ Use automatically calsulated wavefom length

£ Truncate wavefoms to I 5.2n &

[f pou truncate the waveform zo that it does not
reach steady state, wour model extraction may

not be accurate.

k. I Cancel

Figure 5-26: The Truncate Waveforms dialog box

Obtaining good measurements for MeasureXtractor. As with any numerical
algorithm, the MeasureXtractor will perform better if supplied with good data.
The MeasureXtractor is designed to be highly resistant to the noise that is
inherent in all real-world measurements. Any typical level of noise will not
present a problem.

The most important thing you can do to get good results is to ensure that your
measurement is passive. Although this may seem trivial when measuring a
passive device, the fact is that many interconnect devices are nearly lossless as
some frequencies. Small amounts of error in your measurements, contributed by
poor fixturing in TDR measurements and poor calibration in VNA measure-
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ments, can cause your measured data to be active. If this is the case, IConnect
will attempt to passify your data, but may incur error in the process. This is the
most common reason for inaccuracy in an extracted model, and can be avoided
by carefully taking accurate measurements.

One detail that is often overlooked when taking TDT measurements is the
importance of using matched cables, or alternating deskewing the measurement
channels. Mismatch in your cables causes skew between your measurement
channels which can contaminate the delay of the signals you measure.

Another helpful tip is to not undersample your data. Undersampling introduces
aliasing error which can make your measurements non-passive, leading to error
when IConnect passifies your data.

Finally, when measuring frequency-domain data, accuracy will be improved by
measuring to as low a frequency as possible. This assists [Connect in accurately
extrapolating your data to DC. In the best case scenario, you would measure the
DC values yourself.

DDSL.cir* [ [=1[E3]
TORT |5 | Measue Model | inulate |
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Entract
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[\f\/v P Flesulls
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400y IConnect Linear Simulatar
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200y
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" Uss measured data dirsctly

100m
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Figure 5-27: The Data Driven Model tab

Extract. The simplest part of the data driven models is extraction, thanks to the
IConnect MeasureXtractor. Once the data has been entered, you simply click the
Extract button and wait for the extraction to complete. You can cancel the
extraction at any time. Depending on the complexity of the device you are
measuring, an extraction can take anywhere from 30 seconds to 30 minutes.
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Poles. After the extraction is complete, IConnect will report how many poles it
decided to use to match the behavior of the measured device.

IConnect Linear Simulator. The IConnect Linear Simulator can simulate using
either an extracted model or the measured waveforms. (Other simulators require
an extracted model.) If a model has been extracted and if radio button Use
extracted model if it exists is selected, then the IConnect Linear Simulator uses
the extracted model, otherwise it uses the measured waveforms. The radio
buttons are enabled only when the IConnect Linear Simulator is the simulator
selected for use with the model.

Data Driven Simulate Tabs

Composite Modsl

Simulate |

Save Generated Models
v Lutarmnatically

Figure 5-28: Data Driven Simulate tab

When you press the Simulate button, IConnect will generate a composite model
for each port of the DUT. Each of these models will be simulated, and the results
will be displayed in the TDR/T waveform viewing tab.

If the Save Generated Models Automatically box is checked, as many models
as possible will be saved to default names. If the box is unchecked, you will be
asked in succession to save each of the submodel files and the composite model
file prior to your initial simulation run.

NOTE. If files are saved automatically, they will overwrite pre-existing files with
the same name. For this reason, users should be careful when working on more
than one model in the same directory when automatic saving is being used.

Data Driven Single Line

The Data Driven Single Line is a two-port data driven model. Most of the
description of this model is contained in Data Driven Models on page 5-36. The
current section will point out any additional information.
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NOTE. The MeasureXtractor Modeling Tutorial on page 2-73 takes you through
the measurement and modeling process for the Data Driven Single Line and
Data Driven Coupled Lines models.

Data Driven Single Line Measure Tab. The Data Driven Single Line Measure tab
guides you through the process of loading the data for the MeasureXtractor to
extract a model. For valuable in-depth information on this tab, see Data Driven
Measure Tabs on page 5-38.
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Transmissionl ITlans[PDrH to Port

Figure 5-29: Data Driven Single Line Measure tab in time-domain mode

For port 1, you will need to measure a reference, reflection, and transmission
waveform. The reference waveform is simply a measurement of your cable or
fixture at port 1 with your DUT removed from the system. Reflection at port 1 is
a TDR measurement at port 1 with port 2 terminated in a 50 € load. This load
may be a 50 Q resistance, or more likely it will be a 50 € cable terminated in
channel 2 of your sampling scope. Transmission at port 1 is a TDT measurement
from port 1 to port 2.

For port 2, you will need to measure reference and reflection waveforms. The
reference waveform is a measurement of your cable or fixture at port 2 with your
DUT removed from the system. Reflection at port 2 is a TDR measurement at
port 2 with port 1 terminated in a 50 Q load.

Data Driven Single Line Model Tab. Data Driven Model Tabs on page 5-42
contains a complete description of the Data Driven Single Line model tab.
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Data Driven Single Line Simulate Tab. Data Driven Simulate Tabs on page 5-43
contains a complete description of the Data Driven Single Line Simulate tab.

Data Driven Coupled Lines

The Data Driven Coupled Lines is a four-port data driven model. Most of the
description of this model is contained in Data Driven Models on page 5-36. The
current section will point out any additional information.

NOTE. The MeasureXtractor Modeling Tutorial on page 2-73 takes you through
the measurement and modeling process for the Data Driven Single Line and
Data Driven Coupled Lines models.

Data Driven Coupled Lines Measure Tab. The Data Driven Coupled Lines measure
tab guides you through the process of loading the data necessary for the
MeasureXtractor to extract a model. For valuable in-depth information on this
tab, see Data Driven Measure Tabs on page 5-38.
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Figure 5- 30: Data Driven Coupled Lines Measure tab

You will need to measure a reference waveform at each of the ports. This is
accomplished by removing the DUT from the cable or fixture at that port and
measuring an open-circuit waveform. You will also need to measure a reflection
waveform at each port. Finally, you will need to measure a varying number of
TDT waveforms between the port in question and the other ports.
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The following table illustrates the excitation and termination scheme used for
each measurement:

Table 5-1: Measurement excitation and termination scheme

Measure-

Waveform TDR Step ments Termination
Reference 1 Port 1 Port 1 DUT Removed
Reference 2 Port 2 Port 2 DUT Removed
Reference 3 Port 3 Port 3 DUT Removed
Reference 4 Port 4 Port 4 DUT Removed
TDR11 Port 1 Port 1 50 Q

TDT21 Port 1 Port 2 50 Q

TDT31 Port 1 Port 2 50 Q

TDTH Port 1 Port 4 50 Q

TDR22 Port 2 Port 2 50 Q

TDT32 Port 2 Port 3 50 Q

TDT42 Port 2 Port 4 50 Q

TDR33 Port 3 Port 3 50 Q2

TDT43 Port 3 Port 4 50 Q2

TDR44 Port 4 Port 4 50 Q

NOTE. Your 50 Q load may be a 50 Q terminating resistance, or a 50 Q cable
terminated in channel 2 of your sampling scope.

Data Driven Coupled Lines Model Tab. Data Driven Model Tabs on page 5-42
contains a complete description of the Data Driven Coupled Lines model tab.

Data Driven Coupled Lines Simulate Tab. Data Driven Simulate Tabs on page 5-43
contains a complete description of the Data Driven Coupled Lines Simulate tab.
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Figure 5-31: Two-port subcircuit model

The two-port subcircuit model is a powerful way to incorporate the results of
other SPICE-based modeling tools into the IConnect measurement-modeling-
verification framework. Using the two-port subcircuit, any SPICE model with an
input node, an output node, and a ground node may be included as part of a
composite model.

NOTE. Before including an arbitrary two-port netlist using the two-port
subcircuit model, ensure that the subcircuit node definitions are according to the
requirements below. All two-port subcircuit node definitions must be in the
following order: input node, output node, and model ground node. The node
ordering convention is shown in the following diagram and corresponding netlist
line:

Corresponding SPICE subcircuit line:
.subckt ExampleModel 1 2 3

IConnect assumes that the external nodes of the subcircuit you are including are
defined in the above order. If they are not, your subsequent simulation results
will be incorrect.

To incorporate an existing arbitrary two-port model, formatted according to the
guidelines given above, into an IConnect simulation, click on the two-port
subcircuit button on the model toolbar, or drag a two-port subcircuit block from
the model toolbar into an existing composite model and double-click on the
empty block. Either action will bring up an empty two-port subcircuit window.

The text box labeled Subcircuit file is used to enter the name of the existing
arbitrary two-port model file. Click on the ... next to the text box to browse your
drives for the desired file. Once you have chosen the subcircuit file, I[Connect
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will attempt to extract the subcircuit name from your netlist. If your netlist
contains multiple subcircuits, you may have to enter the name manually.

NOTE. You may view or edit the arbitrary subcircuit netlist at any time using the
View/Edit Subcircuit Netlist menu command from the model context menu,
accessed by right-clicking on the model window.

After saving the model, you may include it in any composite model where any
other two-port model would be appropriate.

Termination 1 [_ O] x|

I 5008

Figure 5- 32: Termination model editor

The termination model is meant to replicate the passive termination conditions of
the DUT, and is accessible either from the Model/Termination menu command
or from the model toolbar. The only model parameter is resistance, since the
model consists of a resistor to ground. To emulate an open circuit, a resistance
which is large compared to the characteristic impedance should be used, while
for a short circuit, a resistance which is small compared to the characteristic
impedance of the measurement system should be used. For a 50€2 system, for
example, a short circuit might be 1m€2 whereas an open circuit might be 5k€2.
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Composite Model

The composite model viewer is a method to verity your model’s behavior against
your measured data. It may also be used to cascade several models into a single
model.

NOTE. It is no longer necessary to create a composite model from scratch every
time you want to verify an extracted model, as it as in previous versions of
IConnect. IConnect’s automated Measure/Model/Simulate capability does most
composite model creation and population for you.

To validate most single models extracted in IConnect, you can allow IConnect to
automatically create and populate the composite model for you, and even launch
the simulation. Much of this chapter is devoted to manual creation of composite
models. This is typically necessary when you need to cascade several models
together to model a communications channel or backplane, for example.

Creating a composite model. A new composite model is manually created by
invoking the File/New... menu and choosing Composite from the options
presented. This creates an empty composite model.

=2 Composite 2

TDR/T Schematic | Eye Diagram ] Measure ]Simulate ]

Load waveforms...

Figure 5-33: Composite model viewer

Composite Model Usage. Once you have manually created a composite model,
you will usually begin by populating it with submodel blocks as described in
Composite Model Schematic Viewer on page 5-50. The next step is to add
measured waveforms into the TDR/T tab, as described in Composite Model
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Tab and TDR/T Viewer

Composite Model
Schematic Viewer

Measure Tab and TDR/T Viewer on page 5-50, for comparison against the
results of subsequent simulations. If you do not add waveforms, you will then
need to manually set the simulation timing before launching the simulation,
which is covered in Composite Model Simulate Tab on page 5-53.

The Composite Model Measure tab is used to load waveforms into the IConnect
TDR/T viewer. Since the results of the composite model simulation are also
displayed in the TDR/T viewer, it can be used to compare the results of your
simulation against the measured waveforms.

The Measure tab has a waveform legend, which may be used just like the
waveform legends in the IConnect standalone waveform viewers to operate on
the waveforms in the TDR/T tab. Operations might include waveform selection,
deletion, cursor readout, etc. For more information on managing and viewing
waveforms, see Managing and Viewing Waveforms on page 7-1.
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Figure 5-34: The Composite Model Measure tab

The Composite Model Schematic Viewer is accessed by clicking the Schematic
tab in an open composite model. You may use it to concatenate multiple
IConnect models together, and to connect them to source and termination
models.
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Figure 5-35: The Composite model schematic viewer

Adding submodels. Submodels are added to the composite model viewer by
dragging them from the model toolbar, shown in Figure 5-36. If you click on the
toolbar, an empty model is created which is not associated with any composite
model. However, if you hold down the mouse button and drag over the compos-
ite model window, you will be able to drop a model of that type into one of the
slots of the composite model by releasing the mouse button, as shown in

Figure 5-37. A model may not be dropped into a position that is not appropriate
for that type of model. The model that you drop in is initially empty.

TS T =X 5o B ZE = & B

Figure 5-36: The model toolbar

IConnect® and MeasureXtractor™ 4.0 User Manual 5-51



Models

5-52

- IConnect® and MeasureXtractor(TM) - Composite 1* |'._|['E\E|
File Edit Vview Compute Model Simulate Tools Window Help

& T s = I JEF Y 8 SE = e E=E ||| R

== Composite 1*

TDR/T Schematic ] Eye Diagram ] Measure ]Simulate ]

Load Wavetarms..

Create resistive termination to ground

Figure 5-37: Dragging a resistive termination into the composite model viewer

To load a previously saved model from disk, insert an empty submodel of the
type you want to load into the position into which you would like to load it.
Right-click on the empty model and use the Load... command to choose the
model file from disk.

To insert a submodel which is already open within IConnect into a composite
model, begin by inserting an empty model of the type you want to load into the
position into which you would like to load it. Right-click on the empty model
and use the Attach menu item which will allow you to choose the model from a
list of appropriate open models.

NOTE. The IConnect framework does a certain amount of design rule checking to
ensure that the correct type of model is placed in the correct slot. For this
reason, certain types of models will not be allowed in positions that would cause
a simulation to subsequently fail due to hanging nodes or other problems.

Selecting submodels. A submodel may be selected by clicking on it. The
selection may also be changed from the keyboard by using the arrow keys. If the
<Shift> key is held down in conjunction with the right or left arrow key, the
selection box moves all the way to either end of the model.
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Editing submodels. A submodel may be edited by double-clicking on it, or, if the
model is selected, by pressing <Enter>. See the Model Extraction help section
for model-specific editing procedures.

Deleting submodels. The selected submodel is deleted by pressing the <Delete>
key. It should be emphasized that this does not delete the model from your hard
drive, but simply removes it from the composite model.

Viewing the submodel netlist. The submodel netlist may be viewed (and yes, even
edited) by right-clicking on the appropriate submodel block and selecting View
Netlist.

Composite Model = The Composite Model Simulate tab allows you to launch a simulation, and
Simulate Tab automatically displays the simulation results in the TDR/T viewing window or to
simulate an eye diagram of the entire composite model.

The Simulate tab is divided into three sections: Composite Model, Eye Diagram,
and Eye Diagram Mask.

T
Composite Model

Simulation Timing...

Epe Diagram
Digplay | Options... ‘

Ewe Diagram Mask.
ey | Load ‘

b azk Mame: |
IEETEN

Figure 5-38: Composite Model Simulate tab
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Composite Model. The Simulate button starts the simulation on the composite
model. But first, you must ensure that the simulation timing has been set
appropriately by pressing the Simulation Timing... button. This brings up the
Simulation Timing dialog box.

Simulation Timing

Timing setup:

(% futomatic from waweform wiewer

" Manual
Yalues
Start time:
Puoinks: —

Figure 5-39: Simulate Timing dialog box

The timing setup option allows IConnect to automatically select the timing for
comparison with the waveforms in the TDR/T viewing tab, or allows you to
manually set the timing. If you choose the manual option, you will be required to
enter a stop time for the data retrieved from the simulation, as well as the number
of data points you want returned from the simulation.

NOTE. As long as there is a waveform loaded in the TDR/T viewing tab, it is not
necessary for you to set the timing manually, since IConnect will do it for you.
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Eye Diagram and Mask. IConnect simulates the eye diagram on the entire
composite model. Clicking the Display button starts the simulation and displays
the resulting eye diagram in the Eye Diagram viewer.

Eve Diagram
Dizplay | Options... ‘

Eve Diagram kask
hew | Load ‘

flazk Marme: |

Figure 5-40: Eye Diagram and Mask function buttons

Click the Options... button to display the Eye Diagram and Mask Options dialog
box.

Clicking the New button in the Eye Diagram Mask displays the Eye Diagram
and Mask Options dialog box but has the Mask definition active and ready to
create or load a mask for testing.

DUT Eye Diagram And Mask Options @
Sequence Timing Infa
seudo-Randor Data Rate: 26 bit's  Bitwidth: 500p =
Lengthe [2°7-1 (127) w | Longer lengths Risetime: 50p s Method: | 10:90% =

fillin the eye but

Repeat | 1= times take more time. = —
Step Waltages
bax: Y
Load Defaults | Save Az Defaults| |
Min: oy
New Mask |
I
L e pe  Rm O S [Fobonz ]
6V —
5V — ,7 ’7
4V —| ,— ’—
alf= ,—
v —
w] oy
4 [ 1 il

0K ‘ Cancel ‘ Help |

Figure 5-41: Eye Diagram and Mask Options in Composite Model
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To learn about setting eye diagram options and mask options, see Eye Diagram
Computation and Mask Testing beginning on page 5-58.

Saving the Composite Model. To save the composite model, right click on the
composite model window and select Save from the resulting drop-down menu,
or use the <Ctrl+s> shortcut. You may choose the syntax with which you want to
save your model from the drop-down list on the Save dialog. IConnect will
inform you if various submodels included in your composite models have been
saved using different simulator syntaxes. For further information on this subject,
see Model Verification with Multiple Simulators on page 6-5.

Running the Simulation. After saving the composite model, invoke the simulation
by right clicking on the composite model window and choosing Run from the
resultant drop-down menu, as shown in Figure 5-42. You may also simulate any
open composite model by choosing the Simulate/Run submenu from the main
IConnect menu, which allows you to choose from a list of open composite
models. If a model has not been saved, you will be prompted to save it before the
simulation will run.

A~ |Connect® and MeasureXtractor(TM) - Composite 1*

File Edit View Compute Model BELFEIEE Tools Window Help

¢ ST TE = 1D i8F ™1 || T

TDR/T -Schematic l Eye Diagram ] Measure  Simulate l

Compozite Model

o
J/W“——:l——’\/\/‘l
S ! Simiston i, |

E ve Diagram
Diizplay | O ptions. .. |
Eve Diagram k4 azk
Mew | Load |
<0 > Mask Mame:

[[omitor |

Figure 5-42: Simulating a composite model.

NOTE. Composite models containing either empty blocks or unsaved submodels
cannot be simulated.
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If the Composite Model has been saved using a different simulator than the
currently selected simulator, I[Connect will inform you. For more information,
see Model Verification with Multiple Simulators on page 6-5.

After a successful simulation, the resultant waveforms will be placed in the
waveform viewer that you selected. If the simulation fails due to corrupted
netlists or missing model files, it will exit with a warning. You may choose the
View/Output File menu command to examine the output listing to determine the
source of the error, and you may choose the Simulate/View Composite Netlist
command to inspect the composite model netlist. You may also want to refer to
Troubleshooting on page A-1.

Composite Model Eye ~ The Composite Model Eye Diagram Viewer is accessed by clicking the Eye
Diagram Viewer = Diagram tab in an open composite model. The Eye Diagram in the composite
model displays the simulated eye diagram of the entire composite model, which
is different than the eye diagrams available for the individual models such as the
Lossy Line and Coupled Lossy Line models.

=2 Composite 3

TOR/T | Schematic Eye Diagram | | Measre Simidte |

0z 200p:  400ps  GO0ps  £00ps g | |k
B 3 3 3 2 Simulate |

Simulation Timing...

5‘-«’—*—

||| fﬁ? e Disgra
A Dizplay | Options... |
N \/ \

¥

Eve Diagram Mask

—

v | Mew | Load |

o A Mazk Name:

N d \ﬁ#-‘
SN —

x|
Time AT/2 ¥ Enable Eye Measurements
Cursor 1: | 98.6ms Horizontal {Timing) Vertical (Volage)
Cursor 2: | 199ms Width Height:
A 100ms | 50.1ms Pealc Jitter Noise: High Level ~

Reference: | 500mV Reference: | 500ms

Figure 5-43: Eye diagram in the composite model viewer
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NOTE. The Eye Diagram Tutorial on page 2-15 contains step-by-step instruc-
tions on how to quickly generate an accurate eye diagram.

IConnect has the ability to generate accurate eye diagrams based on TDR
measurement data or on model response so that you can predict deterministic
jitter and intersymbol interference in your transmission line or communication
channel. You may also predict eye closure effects caused by crosstalk from
neighboring line pairs. IConnect also assists you in creating and displaying a
mask to test the compliance of your communication channel.

Logey Line =]
TOR/T| 810 | RLGC  Eve Diagram I Measure | Model ~ Simulate |
Dls 200pz 400ps EO0p:  E00ps The —Compasite M odel

™ __siuse |
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,\ f\ Evz Dizgram Magk————————
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; \‘ 3 Mew | Load |
bl azk Mame: I
v

(e ask |

=
e
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Curgar 1: m Haonzartal [Timing)————— ~%ertical [Waoltage]
Cursor 2 | 197ps widthe | B00ps Height | 443y
;[ I00ps [ 502ps Peak Jitter: | Os |1sl Trangtion ¥ Neise: | 266 |High Level x]
R eference: m Reference: 'm

Figure 5-44: Eye diagram computed in the IConnect Lossy Line model

To compute an accurate eye diagram, you measure your data (or in some cases,
provide model parameters), set up the DUT and aggressor options, and press the
Display button. You may also create a mask for testing your eye against known
standards. Each step is outlined in the following sections.
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Waveforms for Eye  In order to compute an eye diagram, you must supply the proper waveforms or
Diagram Computation = model parameters. The waveform data is supplied via the Lossy Line and
Symmetric Coupled Lossy Lines Measure tabs.

Single Ended Eye Diagram. If you’re computing a single-ended eye diagram, you
must enter your waveform data in the Lossy Line model Measure tab. If you are
computing the eye directly from your measured data without extracting a model,
you must use the termination type Matched, and you must enter at least a
reference waveform and a transmission waveform. If you use termination type
Open, you must create a model from your data prior to creating an eye. For more
information on how to enter data into the Lossy Line Measure tab, see Lossy
Line Measure Tab on page 5-23. Note that the single ended eye diagram
capability does not support crosstalk analysis.

Differential Eye Diagram DUT (Victim) Waveforms. If you are computing a
differential eye diagram, you must enter your DUT (or victim) waveform data in
the Symmetric Coupled Lossy Lines Measure tab. If you are computing the eye
directly from your measured data without extracting a model, you must use the
termination type Matched, and you must enter at least a reference waveform and
an odd transmission waveform. If you use termination type Open, you must
create a model from your data prior to creating an eye. For more information on
how to enter your DUT data into the Symmetric Coupled Lossy Lines Measure
tab, see Symmetric Coupled Lossy Lines Measure Tab on page 5-30.

Differential Eye Diagram Aggressor Waveforms. If you are including crosstalk
effects in your eye diagram, you will need to enter aggressor waveform
information in the Symmetric Coupled Lossy Lines Measure tab for the nearby
pairs generating the crosstalk. Begin by clicking on the Use Aggressors button
on the Measure tab. A set of eight new buttons will appear, labeled Aggressor 1
through Aggressor 8, allowing you to incorporate crosstalk effects from up to
eight nearby line pairs. Clicking on a button opens a window that allows you to
enter the appropriate aggressor waveforms.
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Eye Diagram Options

Load Aggressor 1 Wawveforms

Reference |Aggressnr Step El
Crosstalk |\-v"iclim Far End=talk El

ak. | Cancel | Help |

Figure 5-45: Aggressor waveform entry window

The Reference waveform is a TDR waveform measured with the fixture still
connected but the aggressor removed from the system. Its purpose is to measure
the step waveform used to excite the aggressor.

The Crosstalk waveform is typically measured at the same end of the victim at
which the transmission waveform was measured. Its purpose is to measure the
crosstalk that the aggressor causes on the victim. In specific situations, the
aggressor waveform may also be measured at the opposite end of the victim from
which the transmission waveform was measured. An example would be if you
have reason to believe, due to symmetry arguments, that exciting end A of the
aggressor and measuring crosstalk at end B of the victim is the same as exciting
end B of the aggressor and measuring crosstalk at end A of the victim. Such
symmetry arguments may be useful in applications where you are limited as to
which ends of which lines are easily available for measurement.

The optional Fixture waveform is a measurement of the crosstalk induced in the
victim when the aggressor is replaced by a matched termination. Its purpose is to
measure the crosstalk induced in the victim by the fixture alone. It is measured at
the same end of the victim as its associated Crosstalk waveform was measured. It
is only necessary to supply a fixture waveform if there is significant crosstalk in
your fixture compared to the crosstalk between the aggressor and victim.

Additional information on measuring aggressor waveforms can be found in
Symmetric Coupled Lossy Lines Measure Tab on page 5-30.

Part of eye diagram computation is setting up the eye diagram options, such as
input sequence, data rate and risetime. If you’re computing an eye diagram
without any crosstalk effects, you only need to supply options for the DUT
(victim) line. If you are including crosstalk effects in your eye diagram, you need
to supply options for each aggressor line as well.
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Where to Set Eye Diagram Options. If you are computing an eye diagram for a
single-ended system, you can access the eye diagram options via the Lossy Line
Simulate tab, by clicking the Options button in the Eye Diagram group. If you
are computing an eye diagram for a differential system, you can access the eye
diagram options via the Symmetric Coupled Lossy Line Simulate tab.

If your differential eye diagram does not include crosstalk effects (that is, you
have not checked the Use Aggressors box on the Symmetric Coupled Lossy
Line Measure tab), then you can set the DUT eye diagram options by clicking
the Options button in the Eye Diagram group on the Simulate tab. If your
differential eye diagram does include crosstalk effects (that is, you did check the
Use Aggressors box on the Symmetric Coupled Lossy Line Measure tab) then
the Options button has been replace by a button labeled DUT and eight buttons
labeled Aggressor, as shown in Figure 5-46.

The eye diagram options for the DUT are set by clicking the DUT button, and
the options for each aggressor are set by clicking the appropriate Aggressor
button. A line’s Show check box determines if its waveforms appear in the
TDR/T tab while its Use check box determines if the line’s crosstalk will be used
in calculating the eye diagram.

NOTE. Some options in the eye diagram options window apply only to the DUT
(victim) line, and will be disabled when setting options for the aggressor lines.
Some eye diagram options apply only to aggressor lines, and will be disabled
when setting options for the DUT (victim) line.
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Figure 5-46: The Simulate tab when aggressors are used
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Figure 5-47: Eye Diagram DUT options dialog box

Sequence Settings. Sequence Type is either pseudo-random, K28.5, CJTPAT, or
custom. If you choose to use a pseudo-random bit sequence, you must choose a
length for it. If you choose a custom sequence, you will be allowed to enter a
pattern in the text box labeled Pattern. The pattern must consist of ones and
zeros. You may enter a repeat count in the Repeat box, although regardless of
the repeat count, IConnect ensures that the sequence has been repeated enough
times to see all bit sequences.

Step Voltages. Step Voltages allows you to enter the minimum and maximum
input voltages used to generate the eye diagram.

Compute Response From. The response may be computed from either measured
data, or from the model parameters entered in the text boxes, depending on
whether Measurement or Model is selected in the Compute Response From
group. Note that this option is disabled for aggressor lines, since crosstalk
responses may only be computed directly from measured data. Note that this
setting is not available when setting options for the eye diagram in the composite
model.
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Timing Info. Data Rate is the number of bits which are clocked per second. You
may alternately enter this information as Bit Width if preferable.

Risetime is the risetime of a Gaussian step used to excite the model. In the
Method dropdown list, you may choose either 10-90% or 20-80% to define your
risetime.

Timing Generator allows you to associate multiple signals with a single timing
generator. This means that the signals will be assumed to be clocking synchro-
nously with each other for the purposes of computing the eye. If two signals are
on different timing generators, even though they are set to the same frequency,
they will be treated as asynchronous. Asynchronous signals are assumed to have
different frequencies (even if only slightly different), causing them to drift apart
over time, resulting in a worst-case eye closure. A set of signals associated with
the same timing generator must have data rates which are integral multiples of a
base frequency. For important information on the relationship between the data
rates of synchronous signals, see Adding Crosstalk to an Eye Diagram on

page 5-64.

While there are nine timing generators you may choose from for aggressors, the
DUT (victim) is required to use timing generator zero.

NOTE. If you are having trouble assigning compatible data rates to synchronous
signals, see Adding Crosstalk to an Eye Diagram on page 5-64.

Delay allows you to provide a relative delay between an aggressor signal and the
DUT signal. Implicitly, this value can be used to also effect relative delays
between aggressors within a synchronous group (that is, a group associated with
a single timing generator). Since all signal delays are relative to the DUT, the
DUT delay is required to be zero.

Default Options. If you have made changes to the eye diagram options and would
like to return to the default settings, click the Load Defaults button. To save
your current eye diagram options settings as your own default settings, click the
Save as Defaults button. In the future when you create a new eye diagram, these
will be the default settings.

Copy From. If you click Copy From... IConnect will allow you to copy the
options associated with the signal on one of the other lines to the signal
associated with this line, to allow you to rapidly configure a set of similar lines.
If you are entering the options describing the signal on a DUT (victim) line,
Copy From... is disabled.
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Eye Diagram

Mask Creation. The New Mask button allows you to create a new mask if one is
not already loaded. After clicking it, follow the instructions in Mask Testing on
page 5-69 to edit the mask.

In some cases, crosstalk from signals traveling on adjacent line pairs can cause
additional eye diagram closure. IConnect allows you to predict the amount of
closure that would occur based on measurements of the victim and the aggressor.
In order to accurately compute the effects of crosstalk on your eye diagram, you
must take crosstalk measurements and set up the proper signals to excite the
victim and each aggressor.

NOTE. The Eye Diagram Tutorial on page 2-15 contains an example of how to
compute an eye diagram which accurately incorporates the effects of crosstalk.

Crosstalk Measurements. How to take the proper set of crosstalk measurements
for eye diagram computation is explained in Waveforms for Eye Diagram
Computation on page 5-59

Setting Up Signals on Aggressor Lines. Eye Diagram Options on page 5-60
describes how to set up eye diagram options for both the victim (DUT) and
aggressors. This includes information on how to provide timing information on
the victim (DUT) signal and each of the aggressor signals. However, care must
be taken to ensure that the victim and aggressor signals are compatible in terms
of data rates and synchronization. In the following subsection, we discuss the
how to create a compatible set of signals to drive the victim and aggressors.

Signal Synchronization. Synchronization refers to whether the signals on various
lines are switching based the same clock source or different clock sources.
Whether or not various signals are synchronized with each other will affect the
amount of eye closure observed. [Connect allows you to provide synchronization
information in the eye diagram options by identifying each signal with a timing
generator. Signals derived from the same timing generator will be synchronized
with each other; signals derived from different timing generators will not be.

NOTE. Even though signals may be assigned identical data rates, if they are
derived from different timing generators, they will not be considered synchro-
nous.

Compatible Data Rates for Synchronous Signals. Two signals driven by the same
timing generator must have data rates that are simple multiples of some base
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rate. For example, a single timing generator can drive one signal at 2 Gbit and
another at 4 Gbit or perhaps at 2 Gbit and 3 Gbit, but it can not drive signals at 2
Gbit and 2.1 Gbit. IConnect requires that all pairs of signals driven by the same
timing generator have data rates that are in the ratio of integers no larger than
four, to within four significant digits.

Example 1: The DUT signal runs at 3 Gbit and an aggressor signal at 9 Gbit.
These data rates are in the ratio 1:3 which IConnect considers synchronous, so it
is acceptable for them to be specified as being driven by the same timing
generator.

Example 2: Aggressor signals 1, 2 and 3 run at 1 Gbit, 3 Gbit and 9 Gbit,
respectively, and are specified as being driven by the same timing generator. The
data rates of aggressor signals 1 and 2 are in the ratio 1:3 and similarly the data
rates of aggressor signals 2 and 3 (3 Gbit and 9 Gbit) are also in the ratio 1:3.
However, the data rates of aggressor signals 1 and 3 are in the ratio 1:9. Because
this ratio involves an integer larger than 4, IConnect reports an error.

Example 3: One signal runs at 1 Gbit and another at exactly 2/3 that rate. You
may specity the rate of the second signal as 0.6666 Gbit. Even though 0.6666 is
an approximation to 2/3, IConnect accepts the ratio 1:0.6666 as the ratio 3:2,
since it only compares the data rates to four digits.

Synchronization Summary Dialog. Clicking the Synchronization Summary
button on the Simulate tab causes IConnect to display the Synchronization
Summary dialog. This window summarizes the data rate and timing generator
associated with the signal on each line, and groups the lines by timing generator.
This information can be very useful in determining the source for any synchro-
nization errors.

Synchronization Summary g|

Timing Generator Line Data Rate

0 ouT 26 Hz
a Agorezsor 1 26 Hz
a Aggrezsor 2 1G Hz

1 Aggressar 3 3125G Hz

2 Aggressar 4 312506 Hz

Figure 5-48: Synchronization Summary dialog
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Analysis

Troubleshooting Synchronization Errors. When you either click the Display
button to calculate and display the eye diagram, or click Sync Summary to view
the synchronization of the various signals, IConnect validates the various signal
data rates that were entered for each timing generator.

When a synchronization error (such as specifying 2 Gbit and 2.1 Gbit for the
same timing generator) is detected after clicking the Display button, IConnect
reports an error, as shown in Figure 5-49. If you click OK, IConnect will assign
each incompatible signal associated with a timing generator to its own timing
generator. Each incompatible signal will essentially become asynchronous with
every other signal, leading to worst case eye diagram closure.

IConnect Synchronization Error El

The data rates For biming generator O are not compatible, since thew are not related ko each other by a ratio of small integers
(nolarger than ).

Click. Cancel to adjust the data rates, or click OK to have IConnect set all signals to be asynchronous and generate a
worst-case eve diagram,

For mate information, click the Help button,

| oK | Caneel | Help

Figure 5-49: Synchronization Error dialog

You may also choose to cancel the eye diagram computation and find and change
the specified timing generators and/or data rates to resolve the compatibility
problems. The Sync Summary dialog can help you pinpoint the source for the
synchronization error, and the compatibility information (including the three
examples) earlier in this section should help you determine the appropriate
corrective action. In most cases this will lead to results which are closer to what
you originally intended.

IConnect provides automated eye diagram height, width, jitter and amplitude
noise measurements for analyzing your eye diagram. You also have the ability to
zoom in and recompute a portion of the eye diagram a higher resolution.

Cursor Measurements. To view the eye diagram measurement readouts, click the
Enable Eye Measurements check box, as shown in Figure 5-50. Two green
reference cursors - one horizontal and one vertical - appear in the viewing area.
As you move each reference cursor, the related measurements are updated.
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Figure 5-50: Eye measurements

Horizontal (Timing) Measurements. Width measures the width of the eye opening
at the reference level determined by the horizontal cursor.

Jitter may be measured at either the first (left-hand) transition or the second
(right-hand) transition at the reference level determined by the horizontal cursor.
The measurement is from the right-hand side of one eye opening to the left-hand
size of the adjacent eye opening, so the most relevant jitter measurement will be
taken with the reference near the crossover point.

Vertical (Voltage) Measurements. Height measures the height of the eye opening
at the reference time determined by the vertical cursor.

Amplitude Noise may be measured at either the upper rail (high level) or the
lower rail (low level) of the eye diagram, at the reference time determined by the
vertical cursor. The measurement is from the above (or below) the eye opening to
the top (or bottom) of the eye opening.

Zooming in on the Eye Diagram. You can zoom in on areas in the eye diagram by
left-clicking in the viewing area and drawing a zoom rectangle around the
section you wish to inspect more closely.
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NOTE. If your eye diagram contains crosstalk effects, you may only zoom a total
of 4x in the x and y directions.

When zooming in on an eye generated with long data sequences, you will be
asked to choose the zoom method as shown in Figure 5-51. If you choose
Continue you will not have to wait for the eye to be recomputed, but you will be
viewing the zoom area at less than full resolution. If you choose Recompute, the
visible portion of the eye will be recomputed at higher resolution for you to
view. However, you should note that the portion of the eye outside the zoom area
is no longer available for viewing unless it is recomputed. Choosing Resize will
return you to the eye diagram you originally viewed.

TOR/T| 5 | RLGE  Eye Diagram |
Oz 200ps 400ps E00ps 800ps Tns
& | % | | | |
M ———  You are viewing the eye diagram at less than full resolution. —
Wiew eye diagram displap as is.
3\({ S S I
R " Fecompute eye diagram at full resalution
SEOMPLE | (47 senonds]
N—— P Adjust window to view epe diagrann at full —
ﬂl resolution
Ty Help |
o

Figure 5-51: Choosing the appropriate zoom method

An estimated length of time for the recompute is displayed next to the Recom-
pute button to help you determine which method is best. When recomputing the
eye diagram, if the computation takes too long, you can use the Cancel button to
cancel it.

If you choose to recompute the eye at higher resolution when you zoom in, the
prior eye diagram data will be discarded, and only the visible portion will be
computed at high resolution. For this reason, if you attempt to scroll an eye
which is displayed at full resolution, or if you zoom to 100%, you will be given
the same set of options for recomputing or resizing the eye in order to be able to
view the portions which formerly were not visible.
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Mask Testing  You may create a mask in [Connect to test the compliance of your communica-
tion channel with the relevant standards. Mask creation consists of manipulating
the mask polygons, after which the mask is superposed over the eye diagram for
compliance testing. The mask polygons may be graphically manipulated in the
Eye Diagram and Mask Options dialog, and the mask may also be saved for
later use with a different eye diagram.

Creating a New Mask. To create a new eye diagram mask, click the New button in
the Eye Diagram Mask group box on the Simulate tab, as shown in

Figure 5-52. The Eye Diagram and Mask Options dialog appears with a
default mask in the viewing area, as shown in Figure 5-53. You can enter a mask
name and descriptive comment in the text boxes provided.

Measurel Model Sil'ﬂUhtEI

— Campasits Maodel

Simulate |

Save Generated b odels
W Autornatically

— Eye Diagram
Drizplay I Ophions... |

—Eve Diagram Mazk
MNew | Laad |

bl ask M arne: I
[Elear [ ask |

Figure 5-52: Lossy Line/ Symmetric Coupled Lossy Lines Simulate tab
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Figure 5-53: Eye Diagram Mask dialog

Loading an Existing Eye Diagram Mask. To load an existing mask file, click the
Load button in the Eye Diagram Mask group box on the Simulate tab, as
shown in Figure 5-52. Choose a file in the browser and click Open. The mask
will be displayed in the Eye Diagram viewing tab.

Modifying an Eye Diagram Mask. After creating a new mask or loading an existing
one, you can manipulate it in the mask editor. The active polygon is displayed
with red squares on its vertices, which are identified by names (P1, P2, etc.). To
activate a different polygon, select it in the polygon drop-down list to the right of
the mask editor. Below the polygon drop-down, the coordinates of the active
polygon are displayed.

You can change the shape of the mask by dragging the red squares on the
vertices of the active polygon. As the vertices are moved, their coordinates are
updated in the group box. In order to maintain mask symmetry, other vertices
may be moved automatically in response.
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Applying the Eye Diagram Mask. When you have finished defining the mask, press
OK, and you will be returned to the Eye Diagram viewing tab. The eye diagram
will be updated (if you have made changes to the eye diagram options) and the
mask will be displayed. If you would like to view intermediate results of your
mask editing while still keeping the Eye Diagram and Mask Options dialog
open, press Apply.

Saving the Mask. To save the mask separately from the model so that it can be
applied to other models, press the Save or Save As button. You will then be able
to load it into other Lossy Line models at a later time.

NOTE. When you save a model with an eye diagram mask in it, the mask will be
saved with the model, even if it has not been saved separately using the Save or
Save As button. The only reason to save a mask separately is to be able to
import it into other models.

Clearing the Mask. To clear a mask from the Eye Diagram viewing tab, click the
Clear Mask button in the Eye Diagram Mask group box on the Simulate tab.

NOTE. Clearing the mask removes it from the display, but does not delete a mask
file that has been saved using the Save or Save As buttons on the Eye Diagram
and Mask Options dialog.

Partitioning Waveforms in IConnect

IConnect’s PWL source models, single line models, and symmetric coupled
models (collectively known as the “partition-based models”, require that a
waveform or waveforms to be divided into partitions, and possibly that the
characteristics of partitions be defined by the user. This is accomplished using
the Model tab in each model’s window. Although each model’s Model tab will
vary from the others, each of them has several characteristics in common. This
section outlines generally how to efficiently use the mouse and keyboard
interfaces to quickly partition waveforms and create models, without delving into
the specifics of partitioning each model. Such specific information is contained
in each model’s section earlier in this chapter.
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Figure 5-54: Single Line model tab used to partition the Single Line impedance
profile waveform

Each of the partition-based models has a degree of automatic partitioning
capability, which will suffice as a starting point for most partitioning tasks.
However, this capability is not meant to substitute for modeling expertise, but to
speed the modeling process. As a result, it may be necessary to adjust the results
of the automatic partitioning by adding, deleting, and modifying some partitions.

Creating partitions. A new partition is created by clicking on the partition button
(with the new partition symbol, shown above), and then clicking on the point in
the waveform viewer where a new partition is desired.

B

Figure 5-55: Manual partition creation button
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NOTE. To create multiple partitions rapidly, hold down the <Shift> key while
you click in the waveform viewer, and you can continue to create new partitions
until the <Shift> key is released.

Selecting partitions. One partition at a time may be selected, and clicking the
mouse inside of the partition toggles the selection state of a partition. The
selection may be changed to an adjacent partition using the right and left arrow
keys. If a partition is selected, the readouts in the partition window will refer to
the characteristics of that partition, although which characteristics are listed will
depend on the model being extracted and the type of segment being employed.

NOTE. Use normal methods to zoom in on a Partition. To zoom out you must use
the View menu.

Sizing partitions. A partition is sized by grabbing the boundary on either edge and
moving it to the desired position.

Deleting partitions. A partition is deleted by selecting it and pressing the
<Delete> key.

Automatic partitioning. As a starting point for each of the partition-based models,
you may request IConnect to automatically partition the waveform using the
Partition button. The autopartitioning algorithms are not meant to substitute for
modeling expertise, and are tuned to work best for typical applications and
reasonably clean data. For best results, you may need to set the autopartitioning
options using the Options button as discussed in each model’s specific manual
section in this chapter.
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Verification Overview

One of the most crucial steps in modeling is verification. This chapter contains
the information you need to interface IConnect to your simulator or simulators,
and describes the steps necessary to validate an interconnect model in IConnect
by simulating it and comparing it with your original measured data.

IConnect provides you with several simulation options:
®  JConnect Linear Simulator (built-in with IConnect)
®m  PSpice from Cadence

®  HSpice from Synopsys

®  Berkeley Spice 3F from the University of California

The full version of Berkeley Spice 3F comes pre-installed with IConnect,
and is sufficient to perform model verification. However, users may find that
transmission line simulation in Berkeley Spice is slow compared to
commercial simulators. In addition, since Berkeley Spice is freeware, the
University of California offers no support for users and Tektronix makes no
guarantee as to its fitness for any particular purpose.

Whether extracted using a measurement-based approach or a basic-principles
approach, no model can truly be considered valid until it has been compared
against measurement at some level. [Connect streamlines this process by linking
directly to simulation tools to allow models to be evaluated, and subsequently
loads the results into a waveform viewer for comparison with measured data.
IConnect comes with a built-in linear simulator, or you can use a third-party
simulator to verify extracted models.

The benefits of multiple simulators are:

1. You are able to choose from a number of simulators written by industry-
leading companies.

2. Modelers need not migrate to an unfamiliar simulator to be able to do
measurement-based interconnect modeling.

The verification process consists of setting up a simulation to recreate the
measurement conditions, and seeing if the model behavior under such conditions
is acceptably close to the behavior of the actual DUT. If it is, then the modeling
session is complete. If it is not, the model must be altered in some way to
improve its accuracy.
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IConnect has a composite model viewer for easily recreating the measurement
conditions, submitting the composite model to the simulator, and returning the
results to the waveform viewer for comparison. This automated sequence
represents significant time savings to the modeler.

Configuring IConnect to Communicate with your Simulator

Before IConnect can utilize a simulator to perform model validation, it needs to
be configured to either use the built-in Linear Simulator or direct IConnect to a
third party simulator executable. To choose a simulator, select the Tools/Op-
tions... menu command and click the Simulation tab.

General | Computation  Simulation lWaveforrn Viewer |

Simulator: |Berkeley SPICE3 -

Executable: | PSpice

Berkeley SPICE3

C:\Program |HSpice ot\Pr Browse..
IConnect Linear Simulator

Command Ling:

|De{auh Ed...

™ Run simulation manually

Include subcircuits using
" Full path name of subcircuit
* Path name relative to composite model

™ Use only integer nodes in netlists

Accuracy: felative tolerance) | 12005 ~

Iv¥ Save Generated Models Automatically

ok | Cancel | Help |

Figure 6-1: Setting simulation options

In the Simulator drop-down list, choose the simulator you will be using to
verify your models. In the text box labeled Executable:, type in the name of
your simulator’s executable file, or alternately the name of a script you wish to
use to call your simulator. Use the Browse button if necessary to help choose the
file.

When using the [Connect Linear Simulator, there is no need to include the path
to the executable or include a command line entry.

If you are using Berkeley Spice as installed during the [Connect installation, the
executable will be located at % 1Connect% \Program Files\bspice.exe, where

% 1Connect% is the directory in which you installed IConnect, e.g. C:\Program
Files\TekApplications\IConnect.
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In the text box marked Command Line: is the command that will be used by
IConnect to launch your simulation. In most cases, the default command will
correctly launch your simulation and read its results.

NOTE. The IConnect PSpice command line is configured to work with PSpice 9.2
(Lite) so the current command line is (”%exe” -e -r -0 ”%output” ”%input”). If
you would like to run PSpice 8.0 then you will manually need to change the
command line to read ”%exe” -wONLY ”%input”. Choose ’PSpice’ in the
Simulator drop-down and click the Edit button to edit the command line.

Finally, if you would like to run your simulation manually and inform IConnect
to read in the results when you have completed the simulation, you may check
the Run simulation manually box. This option may be useful for running
simulations remotely, although this process can be automated by writing an
appropriate script file, as outlined below.

Custom Simulation Commands. In most instances, the default simulation
command supplied by IConnect will launch your simulation correctly. However,
if you would like to change any aspect of the command, you may do so by
pressing the Edit button and entering the desired command line in the dialog
box. The command submitted to the operating system is identical to that
displayed in the Command Line: text box, except that the following substitu-
tions are made:

% exe — Simulator executable fully qualified filename, as entered in the
Executable: text box

%input — Input netlist unqualified filename (no path prepended), which is the
name of the composite model submitted for simulation

% output — Output listing unqualified filename, from which the waveforms will
be read into IConnect following the simulation.

It is recommended that users enclose all three of the above keywords in double
quotes, so that the operating system will correctly interpret filenames containing
special characters such as spaces. However, HSpice tends to misinterpret quotes,
and as a result they should not be used in a command line passed directly into
HSpice.

Note that the simulation command may in fact be any executable (e.g., script)
file which takes as inputs the simulation input and output filenames, and which
causes the simulation output to be placed in a file with the correct output
filename and in the correct format for IConnect to read. IConnect launches the
simulation in the directory in which the composite model resides.
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Users running custom simulations on platforms other than Microsoft Windows,
or on simulators other than the above list of supported simulators, may find it
necessary to perform some file format translations before IConnect can read their
simulation output files. Tektronix can provide you with formatting information if
you are creating such a translator. Note, however, that IConnect can read
simulation results output by both the Microsoft Windows version and the various
Unix versions of HSpice with no special file format translation necessary on the
part of the user.

IConnect Linear Simulator

Using the IConnect Linear

Simulator

Why Use the IConnect
Linear Simulator?

The IConnect Linear Simulator is a built-in simulator that specializes in the
interconnect simulation problems such as modeling components with S-Parame-
ters and lossy lines. The IConnect Linear Simulator adds functionality that might
not be present in Berkeley SPICE (included with IConnect) but is a necessary
part of interconnect modeling and analysis. The IConnect Linear Simulator is not
a replacement for a full installation of a commercial nonlinear simulator such as
HSpice or PSpice for IBIS-level or transistor-level modeling.

To use the IConnect Linear Simulator, select it from the Simulator dropdown list
on the Simulation Options dialog (see Figure 6-1). There is no need to select a
simulator executable or command line, since the simulator is built into IConnect.
After selecting the IConnect Linear Simulator, it will be used to simulate all of
your models.

The linear simulator should be used if you want to simulate composite models
containing blocks of S-Parameters in Data Driven models that have not been
extracted into a SPICE model using MeasureXtractor. It is also a much faster
way than Berkeley SPICE to simulate lossy transmission line models. Note that
the HSpice W Element is still a fast way to simulate lossy transmission lines via
HSpice.
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Model Verification with Multiple Simulators

IConnect supports direct model verification interfaces to PSpice, HSpice, and
Berkeley Spice 3, by automatically submitting your simulation netlist to the
simulator and reading the results into IConnect when the simulation has
completed. With some care on the part of the user, IConnect easily handles the
different netlist syntaxes and output formats of the various SPICE flavors. If you
use a single simulator to perform model verification, the information contained
in this section may not be necessary.

Current Simulator. The current simulator is used to automatically simulate your
models when you use one of the Simulate/Run menu commands. The current
simulator is chosen and configured using the Simulation tab of the program
options property sheet which is accessed via the Tools/Options menu command,
as discussed in Configuring IConnect to Communicate with your Simulator on
page 6-2. This simulator also dictates the syntax with which new models are
created in IConnect.

Model Syntax. Each model and submodel has its own syntax. When a new model
is created within IConnect, its syntax is initially that of the current simulator.
However, if a model is read from disk, its syntax is that with which it was last
saved to disk. When saving a model, you may override its syntax by choosing an
alternate syntax from the choices in the Syntax: drop-down list at the bottom of
the Save As dialog box. If you choose to override the current model syntax, you
will be asked to confirm.

When you save a composite model, IConnect checks all submodels to ensure that
the syntax of each submodel is the same as that of the composite model. If any
discrepancies are encountered, you will be given the option to overwrite the
submodel with the syntax of the composite model, leave the syntax of the
submodel as is, or cancel the save operation.

You are also given the option of resolving remaining syntax discrepancies in
other submodels by overwriting them with the syntax of the composite model. It
is suggested that you overwrite the submodels with the syntax of the composite
model (write it to a new filename if you wish to preserve the existing submodel)
to avoid potential simulation errors caused by syntax discrepancies. While some
models are generic enough to use identical syntax in all simulators, many contain
simulator-specific syntax.
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Model Verification Tips

Simulation. When you ask to run a simulation, IConnect performs a non-exhaus-
tive set of consistency checks to attempt to catch possible errors before the netlist
is submitted to the simulator. One of the checks is to ensure that the composite
model syntax is the same as that of the currently selected simulator which will be
used to launch the simulation. If this condition is not met, a simulation error will
almost certainly occur. If a discrepancy arises, you will be given the option to
save the model using the current simulator syntax, continue with the simulation
(not advisable in most cases), or cancel the simulation.

NOTE. If you choose to resave the composite model using the current simulator
syntax, it will likely trigger the need to resave all submodels as well, since they
were probably saved using the same syntax as the composite model.

Simulator Configuration in IConnect. For detailed information on how to configure
IConnect to interface transparently with your simulator, please see the section
Configuring IConnect to Communicate with your Simulator on page 6-2.

The following suggestions will help verify whether or not your model behaves
the same way that your DUT would behave in a circuit.

Be sure of the model netlists you are working with. If you mix submodel netlists
between different composites, it is possible to overwrite an existing submodel,
causing a composite model created in an earlier modeling session to become
invalid. Instead of failing to simulate, it will give incorrect results. It is recom-
mended to keep each modeling session stored in a different directory.

Know your measurements. Inaccuracies in your measurement should not be
confused with inaccuracies in your model. If your measurement reads 5 mV
when it should read 1 mV, ensure that your model reads 1 mV. If parasitics in
your measurement system cause glitches that are not part of the DUT response,
don’t expect your model to replicate them. If it did, it would not be accurate.

Know your operating edge rates/frequencies. It is only necessary that your model
be valid in the frequency range or under the rise times to which it will be
subjected in use. If it doesn’t match your measurement at faster risetimes than it
will see in practice, this is not a problem. Be aware that later, more demanding
applications may require you to tweak the model. You may also use the
waveform filtering capability of IConnect to approximate your DUT and model
responses at slower risetimes.
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Efficient use of the IConnect waveform viewers is the key to easily developing
models in IConnect. This chapter covers the use of the IConnect waveform
viewers for managing and viewing waveforms in both the time and frequency
domains, as well as plot impedance (Z) lines.

The Waveform Viewers

The TD Waveform Viewer

The primary method for viewing time-domain, frequency-domain, and imped-
ance data in IConnect is waveform viewers. The waveform viewers are highly
configurable to create presentation-quality plots. In addition to data visualization,
the viewers support waveform file operations and comparison of waveforms.

To open a new waveform viewer, click File > New... and select TD Waveform
Viewer (time domain viewer), FD Waveform Viewer (frequency domain
viewer), or EZ Z-Line Viewer (impedance viewer) from the list (see

Figure 7-1). An alternate way to open a new TD or FD waveform viewer is to
click Acquire with the New Waveform Viewer option in the Acquisition
window.

E TD ' aw eform Wiswer
B FD “wiavelom Yiewer
«d EZZ Line Viewer

X
Cancel

Cancel

JTPWL Source
e

Figure 7-1: Creating an new waveform viewer

The TD (time-domain) waveform viewer (see Figure 7-2) shows plots of data
against time or against distance.
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Figure 7-2: The TD (time domain) Waveform Viewer window

To switch between time or distance plotting modes, right click in the waveform
viewer and choose the Plot submenu from the resultant context menu. Then
choose the desired plotting mode, as shown in Figure 7-3. Unavailable plotting
modes will be grayed out.
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Figure 7-3: Setting the TD Waveform Viewer plot mode
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Plotting vs. Time. This is the default plotting mode for IConnect in the time
domain. The data is plotted exactly as it was transferred from a measurement
instrument or from a file, or computed via waveform computations.

Plotting vs. Distance. In this mode, time values are linearly scaled to become
distance values, according to the equation:
Ax = ﬁ

Je.
where c is the speed of light in a vacuum, and &, is the effective relative dielectric
constant of the dielectric material from which the structure is fabricated. The
dielectric constant is displayed in the lower left corner of the waveform viewer.

The initial dielectric constant value is set by choosing the Tools > Options...
command from the main IConnect menu, and selecting the Waveform Viewer
tab. The distance units used for display on the x-axis may be set on the same
options page.

To change the dielectric constant, right click in the viewer, and then select Plot >
Change Dielectric... to open the Change Dielectric dialog box (see Figure 7-4).

Change Dielectric E

y Flight time s
Compube & or Trace length | 212m m

enter it directhy
Compuke g
- | 2

Ok | Cancel ‘ Help ‘

Figure 7-4: The Change Dielectric dialog box

There are two options in the Change Dielectric dialog box. First, you can enter €;
directly. Second, you can enter the known flight time and corresponding trace
length values, and then click Compute €, to calculate the €, value. In both cases
the value in the €, field when you click OK is the new value of the dielectric
constant.

It should be noted that the effective dielectric constant of the DUT and that of the
measurement interface cabling will most likely be different, so that absolute
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The FD Waveform Viewer

distance measurements have little meaning. Furthermore, in many cases the
effective dielectric constant will vary significantly within the DUT itself, due to
geometric and material variations. Any distance measurements should be
conducted between waveform features corresponding to points on the DUT
which are separated by a signal path over which the dielectric constant does not
vary longitudinally.

The frequency-domain viewer (see Figure 7-5) is a valuable way to view a
device’s response to signals of varying rates of change. Making an analogy to
time-domain data, high-frequency behavior tends to represent a device’s response
to an input signal’s corners and sharp edges, whereas low frequency behavior
corresponds to a device’s response later in the time record after a rapid change.
Discontinuities in a device tend to create resonances which are centered around a
frequency or a periodic set of frequencies.

[:] FD Waveform ¥iewer 1% - Frequency Domain o ] 4

0Hz BGH=z 10GHz 16GHz 20GHz 28GH=z EDGF”—ﬂ
- [S]s12.wim

OB _-dBMag'? ~ - Sll.me
-20dB r\f\ ki I AW
AV ACANN W

-40dB

-B0dE
2000

__F'.hase I ';l

| L1
e LAV [ LIl
1Y : \\. i - 1Y '(\\ LY '
] b
100° \% ! 5 %
-200 + 1

=

-
e
=

= v

=

—

1T

/',--'"'
L
LA

Freq. AFS2 ST .wfm| |51, wim) |5 12 wfm| {512 wfm|
Cursor 10 [1.48GHz [ 1548 [ 1462 [ -1.11dE | 3g°

Cursor 2: [8,74GHz B45d6 [ -96.4° [ 3.09dE [ 1140
& [F.26GHz [3.63GHz | E5dB | 4957 | 1.97de | 2120

Figure 7-5: The FD (frequency domain) waveform viewer

NOTE. This following text describes how to manage waveforms within the
frequency-domain viewer. To understand how to convert time-domain data into
frequency-domain data, refer to Step Spectrum Computation on page 9-7 and
S-Parameter Computation on page 9-9.

In the frequency domain, data may either be represented as Magnitude/Phase,
dB(Mag)/Phase, or Real/Imaginary. To switch between different plotting modes,
right click in the waveform viewer, and choose the Plot submenu from the
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The EZ Z-Line Viewer

resultant context menu. Then choose the desired plotting mode, as shown in
Figure 7-6. Inappropriate plotting modes will be grayed out

There is a settable maximum frequency above which frequency-domain data will
not be displayed. This is to allow users to window out noise which is often
present in high-frequency waveform data. To set the maximum plot frequency,
go to Tools > Options... in the main [Connect menu, select the Waveform
Viewer tab, and set the value in the Max. Frequency: text box.
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Figure 7-6: Plotting frequency-domain data

The EZ Z-Line viewer is specifically designed to do quick, single-button Z-Line
computation for any number of device waveforms.

The EZ Z-Line viewer lets you:

®  Measure and store waveforms and instrument settings from a known good
device and test cable assembly to create a Golden Setup for testing

®  Use a single button click to quickly acquire successive device waveforms,
generate Z-Line impedance plots, and compare the device impedance plots
against the Golden Standard

Figure 7-7 shows an example of the EZ Z-Line Viewer. See page 8-1 for more
information on the EZ Z-Line Viewer.
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Figure 7-7: The EZ Z-Line Viewer

You can do actions on a waveform trace either by using the left mouse button or
by using the waveform context menu, which is accessed by right clicking the
mouse over the waveform in question. Waveforms themselves behave much as
file icons in an Explorer-style window, and can be selected and moved.

The key to efficiently operating on waveforms within the waveform viewers is
waveform selection. The viewer and the waveform legend window both support
selection of multiple waveforms simultaneously. This allows all appropriate
waveform operations to be performed on multiple waveforms. Selection is
performed similarly to an Explorer-style window.

Selection within the waveform legend window. A single click on a waveform title
cancels the current selection and selects that waveform. If the <Ctrl> key is held
down while clicking on a waveform, the current selection is maintained and the
selection state of the clicked-on waveform is toggled. This allows a simple
mechanism for adding or subtracting waveforms from the current selection. If the
left mouse button is clicked in any part of the window other than a waveform
title, all waveforms are de-selected, unless the <Shift> or <Ctrl> keys are held
down, in which case nothing happens. If the <Shift> key is held down and the
left button is clicked on a waveform title, the clicked-on waveform and all
waveforms between it and the last non-shifted clicked-on waveform are selected.
The <Ctrl-A> keyboard shortcut may be used to select all open waveforms.
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NOTE. The waveform legend window is resizable to allow you to view a large
number of waveforms or waveforms with long names. You may also undock it
from the waveform viewer window to maximize your viewer space.

Selection within the waveform viewer window. Waveforms may be selected within
the waveform viewer windows by clicking on the waveform itself. Selection
operations within the waveform viewer window are identical to those within the
legend window, except that in the viewer window, holding down the <Shift> key
is equivalent to holding down the <Ctrl> key. The <Ctrl-A> keyboard shortcut
may be used to select all open waveforms.

Waveform context menu. The waveform context menu (see Figure 7-8), activated
with the right mouse button, is the key to efficient management of waveforms.
Right-click on a waveform, or the name of a waveform in the Label list, to
display all available commands for that waveform. Right-clicking on an
unselected waveform selects the specified waveform and unselects any previous-
ly selected waveforms.
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Figure 7-8: The waveform context menu
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Waveform File Operations
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Figure 7-9: The Acquisition window

Loading Waveforms. The most common way to load waveforms from disk is via
the acquisition window using the virtual scope. The waveform is loaded into the
viewer listed in the Waveform Viewer: dropdown list. Waveforms may also be
loaded using the File/Open... menu command or by dragging them from the
Windows Explorer and dropping them on the IConnect window, although these
approaches lack the flexibility of the acquisition window in that the IConnect
framework decides which waveform viewer will receive the data. The wave-
form(s) will be loaded into the viewer that was most recently used, if it is still
open. If the viewer is no longer open, a new one is created to receive the
waveform(s). IConnect is capable of reading Tektronix IPA510 waveform files in
addition to its own waveform files.

Saving Waveforms. Waveforms are saved via the waveform context menu
accessed by clicking the right mouse button on the desired waveform, as shown
in Figure 7-10. Save and Save As... commands are both available from the
menu. Save As... prompts the user for a filename under which to save the
waveform. If the file already exists, the user is offered the opportunity to cancel
the operation. Save will only prompt the user for a filename if the waveform has
never been saved to disk.
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NOTE. The File/Save and File/Save As... main menu commands are used to save
waveform viewer information to disk, and do not necessarily save individual
waveforms.
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Figure 7-10: The waveform context menu

Waveform Import/Export. Waveforms may be imported from and exported to a
variety of software tools using tabular data separated by comma (CSV), space, or
tab characters, as described in Importing and Exporting Tabular Data on

page 7-15. However, it should be noted that IConnect does not automatically
detect CSV or other tabular formats when it reads a file. As a result, tabular files
may not be read from the File/Open menu item or from the virtual scope, but
must instead be read in using the Import utility accessible from the File/Import
menu item, or from the Import item of the waveform viewer context menu.
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Waveform Viewing Operations

7-10

Within the time-domain and frequency-domain waveform viewers, the selected
waveform(s) may be moved and hidden, as well as deleted. Cursor readouts are
available as well.

Moving waveforms. At times it is convenient to be able to move waveforms,
particularly for comparison purposes. Simply clicking on one with the left mouse
button and dragging the selected waveforms to the desired position moves the
selected waveforms. If the <Shift> key is held down while the waveforms are
being dragged, their motion is constrained to be either vertical or horizontal. This
is a convenient method of introducing either delay or DC offset into a waveform
without introducing the other.

Alternately, the selected waveforms may be moved using the arrow keys. If the
<Shift> key is held down while the arrow keys are used, the waveforms move by
larger increments. Note that if you have just been operating in the Waveform
Legend window, you will need to press the <TAB> key in order for the arrow
keys to work in the Waveform Viewer.

Cursor readouts corresponding to a waveform are disabled when it is moved
because their meaning would be ambiguous regarding a translated waveform,
and are re-enabled when it returns to its original position. The best way to return
the selected waveforms to their original positions is by using the Reset Position
command from the waveform context menu.
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Figure 7-11: Resetting a moved waveform
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Zooming. To inspect an area of a waveform more closely, left-click on an empty
area of the display and drag a rectangle over the area to which you would like to
zoom. Make sure that the rectangle you draw is large enough to cause the zoom
to occur. When you are finished zooming, choose View/Zoom to 100% from the
main menu or from the waveform viewer context menu to return to the original
unzoomed view. Additionally, the Zoom In and Zoom Out commands, available
from the View menu, zoom the plot in and out respectively, by a factor of two.

Autoscaling. The viewer may be autoscaled to set the scales to achieve maximal
use of the viewing area while showing every waveform. This is useful if the
scales are such that a large amount of empty space is present in the viewer. It is
also a quick way to zoom out.

Manual Scaling. In some instances it will be convenient to set the axis limits
manually. This may be accomplished by selecting the Set Scale... item from the
View menu. A window will open which will allow you to manually enter the
axis limits for the waveform viewer. These limits define the size of the un-
zoomed waveform viewer until either another manual scaling or an autoscaling
operation is performed.

Hiding and showing waveforms. In order to hide certain waveforms from view to
reduce screen clutter or to isolate certain waveforms for inspection, the selected
waveforms may be hidden using the Hide command from the waveform context
menu. They may be viewed again by choosing the Unhide command from the
context menu. If a heterogeneous group of waveforms is selected (i.e., some
visible and some hidden), the entire group is first hidden, at which point it
becomes a homogeneous selection with respect to its visibility.

Deleting waveforms. The selected waveforms may be deleted from the viewer by
means of the Delete command from the waveform context menu, or by pressing
the <Delete> key. Deleted waveforms may always be retrieved by the Undo
command, available from the File menu or from the standard toolbar.

NOTE. Waveforms are not deleted from the disk by this method, but only from the
waveform viewer. To delete the waveform from disk, use Windows Explorer or a
similar application to remove the waveform files.

Cursor readouts. Cursor readouts may be viewed for any set of the waveforms
loaded into the viewer. The cursor readout status of the selection may be toggled
via the Cursor Readout command from the waveform context menu. If the
selection is heterogeneous with respect to cursor readout (i.e., some selected
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waveforms have readouts, some don’t), cursor readout is turned on for all
selected waveforms, at which point the selection becomes homogeneous.

Waveform properties. The Properties... command from the waveform context
menu or the <Alt-Enter> keyboard shortcut may be used to edit multiple
waveform characteristics at once for the currently selected set of waveforms.
Properties that may be edited include color, position, visibility, cursor readout
status, and waveform comments.

ZLine.wfm Properties x|

General I

Color: !I

I Visible
[~ Cursor readout

Feset positionl

Camment:

Impedance of a prototype, measured 5/6/2003 ;I

|
0K I Cancel |

Figure 7-12: Changing waveform properties

Using Labels in the Waveform Viewers

7-12

Labels are a convenient way to textually enhance and document your IConnect
waveform displays. Labels are customizable in terms of their color, size, borders,
and backgrounds. They can be associated with a particular waveform on the
display, or they can be independent, such as a title or note. When a waveform
viewer is saved, the size, position, and other properties of each label are saved as
part of the file, which may then be recalled at a later date.

Creation. Labels may be created from either the Waveform Viewer context menu,
accessed by right clicking on an empty portion of the waveform viewer, or from
the waveform context menu, which is accessed by right clicking on a waveform.
Labels created from the waveform context menu are by default attached to the
selected waveform, and the text of such labels defaults to the name of the
waveform. Labels created from the Waveform Viewer context menu are by
default not connected to any waveform, and initially have no text.
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Figure 7-13: Creating a label

Deletion. A Label may be deleted by right clicking on it and selecting Delete, or
by selecting it and pressing the <Delete> key.

Repositioning. A label may be moved by clicking on it and dragging it to the new
location.

Editing. Label text may be edited by single clicking in the label when it is already
selected, and then using standard editing keystrokes to delete or enter text.
Editing is completed by clicking elsewhere in the viewer window, or in another
window. Note that if you wish to cancel any changes, you may press the
<Escape> key prior to completing the edit. Standard Copy, Cut and Paste
commands also work during label editing.

Special Text. If a label has a waveform associated with it, the text %name in the
label text is automatically translated into the name of the waveform.

If a label has a waveform associated with it, the text % comment in the label text
is automatically translated into the waveform comment as specified in the
waveform properties.

Sizing. A label may be resized by selecting and dragging its border during an edit
operation.
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Autosizing. A label may be autosized by right clicking on it and selecting
Autosize. Its width and height are set to be flush against the label text on all
sides.

Properties. Individual or group label properties are set in the label properties
window, shown in Figure 7-14, which is accessed by right clicking on a label or
a set of selected labels, and selecting Properties. The following properties are
settable:

®  Foreground — Text and border color
B Background — Color behind text, inside of border
B Background Type:

B Opaque — Use requested background color

B Transparent — No background. Allows viewer display to show through
label. Also turns off shadow

m Viewer Color — Use whatever color the Waveform Viewer has as its
background

®  Border Type — Single Line or no border
B Shadow — Draws a shadow behind the label

B Waveform — Associates the label with a waveform

Label properties I

Foreground: @ Azzociate with wanweform:

Backgound: _I I Beattw wim - I

Background Typpe:

I Opague A l
BarderType:
I Lire h I

[¥ Shadow

[n]:4 I Cancel

Figure 7-14: Changing label properties
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Importing and Exporting Waveform Data

Importing and Exporting
Tabular Data

IConnect comes with the ability to easily share data with other applications.
IConnect is capable of writing and reading time- and frequency-domain data to
and from tabular data formats separated by space, comma (CSV), or tab
characters. These formats are written and read by many different applications,
including Microsoft Excel and other spreadsheet tools. IConnect also reads and
writes frequency domain data in touchstone format, which is supported by many
simulation tools and measurement instruments. Finally, IConnect reads file
formats created by the Tektronix IPA 510 product, but does not write these
formats.

NOTE. If you only want to use your waveforms within IConnect, they should be
saved using the File/Save command, or the Save command which is available
when you right-click on a waveform or on its name in the legend window. Import
and export capabilities are only for sharing data with other applications.

Waveform data files from other applications may be imported and exported from
IConnect using either the IConnect main menu or from various context menus
accessed via the right mouse button.

IConnect is also capable of writing and reading time- and frequency-domain data
to and from tabular data formats separated by space, comma (CSV), or tab
characters. These formats are written and read by many different applications,
including Microsoft Excel and other spreadsheet tools.

NOTE. If you only want to use your waveforms within IConnect, they should be
saved using the File/Save command, or the Save command which is available
when you right-click on a waveform or on its name in the legend window. Import
and export capabilities are only for sharing data with other applications.

Exporting tabular data. In order to export a waveform or multiple waveforms,
select the waveforms in the waveform viewer or select their names in the
waveform legend window. Right-click on one of the waveforms (or its name in
the legend window) and select Export/CSV.. to bring up the waveform export
window. From the dropdown box labeled Save As Type, you can choose to use
either commas, spaces, or tabs to separate the columns of data that will be saved.
Which format you use will depend primarily on how you intend to utilize the
exported data. If you will be importing the data into Microsoft Excel, comma-
separated values, using a CSV file extension, is often the best choice. If you are
using Matlab, space-separated columns (with no column headers included) is
generally the best choice.
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If you would like to include each waveform’s name as text in the first row of the
file, you may do so by checking the box titled Include column headers. This
will make your files more readable to others, although it may cause errors in
third-party programs attempting to read pure numeric values.

NOTE. Including waveform names which contain the separation character (for
example, a space-separated file with waveform names containing spaces of their
own) will generate errors in many programs, including IConnect, when they
attempt to read in the resulting data file.

If you are using commas to separate your data values, you will also have the
option to omit writing the first column heading to the file, although still
including the subsequent comma. This is accomplished by checking the box
titled Suppress first column header, and it allows data to be imported directly
into Excel and used for plotting. The specifics of this format variation are
discussed in the subsection below entitled CSV format specifics.

When you click OK, the waveforms will be saved to a single file in which the
first column is the x values of each point, and each of the subsequent columns
contains the y values of each waveform. However, if you have checked the box
entitled Save waveforms to different files, each waveform will be saved in a
separate file.

Importing tabular data. Importing tabular data into IConnect is seamless, provided
that the data is in the proper format. Begin by right-clicking in a waveform
viewer and selecting Import/Waveforms... from the resulting menu. Choose one
of the selections from the Files of type dropdown box based on whether your
columns of data are separated by commas, spaces, or tabs.

If there are no textual column headers in your file, you can choose the ASCII
Data selection, which allows IConnect to automatically sense which delimiter
character the file uses, and read it accordingly. If there are column headers in the
file, and you would like the waveforms to be named based on the column
headers when they are read in, it is recommended that you explicitly select the
file type based on the delimiter character.

You must ensure that the correct domain is chosen in the x-axis dropdown, and
that the correct waveform type is chosen in the y-axis dropdown. If you are
reading frequency domain data, you must also select the representation from the
Complex data dropdown that corresponds to the format in which the data is
stored in the file: Mag/Phase, Real/Imaginary, or dBMag/Phase. If the file you
are importing contains header lines before the tabular columns begin, you can
force IConnect to skip a fixed number of lines before it looks for the tabular data.
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IConnect automatically computes the time or frequency step information by
subtracting the first value of the first column from the second value. If a value
obtained in such a way is not accurate, you may insert your own time or
frequency step value using the group of windows labeled Step size.

CSV format specifics. IConnect seamlessly imports and exports files stored in the
“CSV” file format. CSV format refers to comma-separated values, in which rows
and columns are stored in a text file with columns separated by commas and
rows separated by carriage returns. There are many variations of the loosely
defined CSV format, and the IConnect implementation is geared to be most
compatible with Microsoft Excel. An example of IConnect CSV format would
be

0,0.4,1.2

2e-11,0.5,1.1
4e-11,0.6,1.2
6e-11,0.5,1.5
8e-11,0.4,1.4
1e-10,0.6,1.5

in which the number of lines (or rows) of data is arbitrary. The number of
columns is also arbitrary, and each column except the first is read in as a single
waveform. In the example above, the first column is assumed by IConnect to
represent the time values associated with the rest of the data points in the row. It
should be noted that when importing CSV files, IConnect assumes a constant
sample interval, or time between data points, by reading only the first two data
points in the time column and taking the sample interval to be the ditference
between these two values. This means that if your data is not evenly sampled, it
is necessary to interpolate it prior to importation into IConnect. The remaining
two columns in the above example are interpreted as two waveforms.

A variation on the basic CSV format may be utilized, if desired, to associate a
name with a waveform, and also to identify the first column as x-axis data to
graphing programs such as Microsoft Excel. This may be done by including a
single row of comma-separated text values at the beginning of the file, which
serve as names for the waveforms. If one waveform is named, it is necessary for
every waveform to have a name, although as described next, the x-axis values
need not have a name. To identify the first column as x-axis data, the first text
value may be omitted. However, the comma following the value must not be
omitted, or the data will not be read properly.
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An example of two waveforms in this format follows:

,Waveform 1,Waveform 2
0,0.4,1.2

2e-11,0.5,1.1
4e-11,0.6,1.2
6e-11,0.5,1.5
8e-11,0.4,1.4
1e-10,0.6,1.5
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Figure 7-15: Exporting waveform data as tabular ASCII text

Troubleshooting tabular waveform data import problems. The most common
problem encountered when importing tabular data into IConnect is faulty column
headers. If your data includes column headers, make sure that they do not
contain spaces, particularly in space-separated files. Similarly, ensure that
column headers do not contain commas in comma-separated files. If either of
these situations presents itself, either edit or remove the header line, or force
IConnect to skip the line using the Skip first n lines text box. Furthermore, if a
column header contains any spaces, tabs, or commas, [Connect may not be able
to autosense which delimiter is being used, in which case you must explicitly
inform it what delimiter character is being used in the file using the Files of type
dropdown box.

A common error message is that IConnect expected to read a certain number of
columns, and did not find that many columns to read. This is because IConnect
reads the first line of the file (after skipping any lines which you have requested)
and uses that information to determine how many columns are in the file.
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If subsequent rows do not have the same number of columns, an error message is
generated. Often a column header with spaces in it can be read as multiple
columns, causing an error to be generated when the subsequent rows do not
appear to contain the same number of columns in them.

Importing and Exporting  IConnect supports import and export of frequency-domain data in touchstone
S-Parameter Datain  format. Any S-Parameter waveform in IConnect can be exported as touchstone
Touchstone Format from either the IConnect main menu or from various context menus accessed via
the right mouse button. You may also export a group of waveforms as a two- or
four-port network in touchstone format. Two-port and four-port touchstone data
import is handled in the data driven single and coupled line models.

NOTE. If you only want to use your waveforms within IConnect, they should be
saved using the File/Save command, or the Save command which is available
when you right-click on a waveform or on its name in the legend window. Import
and export capabilities are only for sharing data with other applications.

Exporting single waveforms in touchstone format. The simplest way to export a
single S-Parameter waveform to a touchstone file is to right-click on the
waveform or on its name in the waveform legend. When the context menu
appears, choose Export and then Touchstone 1 Port. You will be asked to
choose a filename, and the touchstone file will be written to disk. If multiple
waveforms were selected, you will be asked to supply a filename for each
waveform. If you prefer, you may use the IConnect main menu to save the data,
by selecting the desired waveforms and choosing

File/Export/Touchstone/1 Port.
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Figure 7-16: Exporting frequency domain waveform data to a touchstone file

Exporting two- port and four- port networks in touchstone format. The simplest
way to export a set of S-Parameter waveforms as a network to a single touch-
stone file is to right-click in an empty area of the waveform viewer that contains
the desired waveforms. When the context menu appears, choose Export and then
choose the size of the network you would like to export, as shown in

Figure 7-16.

NOTE. If you want to export a two-port network, you must have at least three
S-Parameter waveforms present in the waveform viewer. If you want to export a
four-port network, you must have at least ten S-Parameter waveforms present in
the waveform viewer.

If you are exporting a four-port network, IConnect gives you the choice of
providing either single-ended or differential S-parameters for export.

NOTE. IConnect does not perform transformations on the waveforms you provide
between single-ended and differential representations. The waveforms are
written to the touchstone file as you have provided them.

IConnect will display a window that allows you to choose the waveforms you
would like to include in the network. Enter each waveform in the appropriate
dropdown list box. If you leave the Reciprocal box checked, all waveforms
entered in the lower half of the matrix will be copied to the upper half of the
matrix when the touchstone file is written.
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If you want to enter waveforms explicitly in the upper half of the matrix,
uncheck the Reciprocal box. Once you have selected the waveforms you want,
press Continue. You will be asked to provide a filename, and the touchstone file
will be written to it.

Importing two- port and four- port networks in touchstone format. IConnect allows
you to import two-port and four-port networks in touchstone format via the
measure tabs of the Data Drive Single Line and Data Driven Coupled Line
models, respectively. For information on how to import two- and four-port data,
Data Driven Single Line on page 5-43 and Data Driven Coupled Lines on

page 5-45.
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The EZ Z-Line Viewer

The IConnect EZ Z-Line viewer is specifically designed to do quick,
single-button Z-Line computation for any number of device waveforms.
The EZ Z-Line viewer lets you:

®  Measure and store waveforms and instrument settings from a known good
device and test cable assembly to create a Golden Setup for testing

®  Use a single button click to quickly acquire successive device waveforms,
generate Z-Line impedance plots, and compare the device impedance plots
against the Golden Standard

Opening the EZ Z-Line Viewer

To open the EZ Z-Line Viewer, click the EZ button on the toolbar, or click File
> New... and select EZ Z-Line Viewer from the list (see Figure 8-1). IConnect
opens the EZ Z-Line Viewer window (see Figure 8-2).

> New X
|8 zE EZE =
B 1D W avelorm Yiewer

er
Cancel |

(| =4 E2 2 Lineiewer
7 Saurce
- B Cmeem -

Figure 8- 1: Opening the EZ Z-Line waveform viewer
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The EZ Z-Line Viewer Window Elements
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Figure 8-2: The EZ Z-Line Viewer window

The following table describes the elements of the EZ Z-Line Viewer window.

Table 8-1: EZ Z-Line Viewer elements

Element Description

TDR/T tab Displays the time-domain plots for the loaded reference,
golden reference, and DUT waveforms.

Z-Line tab Displays the Z-Line plots of the DUT waveforms.

Cursor 1, Cursor 2, delta
readouts

Displays the current cursor position values (time or distance)
and difference (delta) between the two cursors. Note that the
cursors on the TDR/T and Z-Line tabs can be set independent-

ly.

Selected Waveform readouts

(Z-Line tab only)

Column 1 displays the impedance readout at each cursor
position, as well as the impedance difference between the two
cursors.

Column 2 displays the inductance and capacitance values
between the two cursors, for the selected waveform.

Column 3 displays the average, maximum, and minimum line
impedance between the two cursors, for the selected
waveform.
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Table 8- 1: EZ Z-Line Viewer elements (Cont.)

Element

Description

Waveform drop-down list

Lists the available instrument channels from which you can
acquire waveforms. Use to select a waveform source channel.

Golden Setup ...

Displays the Golden Setup dialog box, which lets you create,
save, or load waveform measurements to use as a standard
against which to compare DUT waveforms. See Golden Setup
on page 8-4 for more information.

Acquire DUT

Acquires a DUT waveform from the instrument.

Comment...

Opens the Edit Viewer Comment dialog box, where you can
enter a comment that can be saved with the EZ Z-Line viewer
window.

Help

Opens the online help associated with the EZ Z-Line topic.

Do not use 50 2 Cal

Sets the EZ Z-Line Viewer to ignore any loaded 50 Q
calibration waveform.

Reference

Lets you acquire a new reference waveform to use for
calculating the Z-Line impedance plots. A reference waveform
overrides a golden reference waveform.

50 Q Cal (opt)

Acquires a new 50 Q calibration waveform.

Zy

Sets the characteristic impedance of your measurement
system and cables. The default value is 50 Q.

When creating a Golden Setup, the Z, parameter is saved as
part of the Golden Setup. This parameter becomes read-only
after clicking OK on the Golden Setup dialog.

If you are not using a Golden Setup to take measurements,
then you can change the Z; field at any time.

Threshold

Sets the threshold parameter which takes into account signal
noise and measurement error. Typical values are between 25%
and 75%, with a default value of 35%. If your measurements
are noisy or your fixture has large discontinuities, you may
need to increase the value.

When creating a Golden Setup, the Threshold parameter is
saved as part of the Golden Setup. This parameter becomes
read-only after clicking OK on the Golden Setup dialog.

If you are not using a Golden Setup to take measurements,
then you can change the Threshold field at any time.
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Golden Setup
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Creating and Saving a
Golden Setup File

A Golden Setup is a collection of measured waveforms and instrument settings
that represent a known good device and how it was measured for use as a
standard in evaluating other devices. Loading a Golden Setup file plots the good
DUT waveforms and Z-Line plot and loads the instrument settings used to
capture the Golden Setup. Golden Setup files are ideal for production line
testing.

A Golden Setup file contains the following:

® A Golden Reference waveform, which is the TDR waveform of all connect-
ing cables and the measurement head from the instrument to (but not
including) the DUT.

® A Golden DUT waveform, which is the TDR waveform of all connecting
cables and measurement head from the instrument to (and including) the
DUT.

B An optional 50 © calibration waveform, which is the TDR waveform of all
connecting cables and the measurement head from the instrument to (but not
including) the DUT, terminated with a 50 € load.

B Parameters for the measurement assembly impedance and threshold setting.
®  An optional comment field for recording setup-related information.

To compare a production DUT to a Golden DUT, connect the DUT to the
instrument and click the Acquire DUT button to plot the DUT waveform in both
the TDR/T and the Z-Line tabs.

You do not need to use Golden Setup files to measure the impedance of a DUT.
The minimum requirement is a Reference waveform.

To create and save a Golden Setup file:

NOTE. The following procedure assumes that you have set up IConnect to
communicate with the TDR measurement instrument in order to obtain wave-
forms.

1. Power on the TDR measurement instrument and allow it to stabilize for at
least 20 minutes.

2. Connect the test cable assembly (cable types, lengths, TDR probes,
connectors, fixtures, and so on) to the instrument.

3. Connect the Golden DUT to the test cable assembly. The golden DUT is a
DUT with known good impedance characteristics.
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4. Adjust the instrument to display both the incident and reflected portions of
the TDR waveform. See Figure 8-3.

Figure 8- 3: Display the incident and reflected portions of the Golden DUT TDR
waveform

5. Adjust the instrument to display just the reflected portion of the TDR
waveform, positioning the rising edge of the reflected waveform on or near
the first vertical graticule on the left side of the screen. See Figure 8-4.

Figure 8-4: Display the reflected portion of the waverform
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8-6

10.
11.
12.

13.
14.

15.

16.

17.

18.
19.

20.

Disconnect the Golden DUT.

Adjust the instrument if necessary to reposition the reference waveform
rising edge on or near the first vertical graticule on the left side of the screen.
The incident edge of the TDR waveform must remain off screen.

Start IConnect and establish communications with the instrument. Do not
reconnect the Golden DUT at this time.

Click the EZ toolbar button.
Select the input signal source from the Waveform drop-down list.
Click Golden Setup....

Click Reference. IConnect acquires and plots the reference waveform in the
TDR/T tab. This waveform is labeled GoldenReference.

Connect the Golden DUT to the test cable assembly.

Click DUT. IConnect acquires and plots the Golden DUT waveform in the
TDR/T tab. This waveform is labeled GoldenDUT.

To acquire the optional 50 €2 calibration waveform:
a. Connect a 50 Q termination to the end of the test cable assembly.

b. Click 50 € Cal (optional). IConnect acquires and plots the 50 €2
calibration waveform in the TDR/T tab. This waveform is labeled
GoldenCalibration.

Set the DUT impedance (Zp) and threshold parameters if required. The
default values (50 €2 and 35%) are good for most measurements, but may
need adjusting to accommodate your test setup.

(Optional) Click Comment and enter comment text in the displayed dialog
box. If the EZ Z-Line Viewer comment field is empty, the Golden Setup
comment will be copied into it. Otherwise the two comments are indepen-
dent.

Click Save Golden Setup.

Navigate to and save the Golden Setup file to a specified location and name.
Golden Setup files have the extension .gst.

Click OK.
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NOTE. You are not required to save a Golden Setup in order to use it to compare
DUT Z-Line plots. If you do not save it, you will need to create a new Golden
Setup each time you want a known good DUT waveform and Z-Line plot against
which to compare other DUT waveforms.

Figure 8-5 shows an example of GoldenDUT, GoldenReference, and GoldenCal-
ibration plots. Figure 8-6 shows an example of a GoldenZ Z-Line plot (on the
Z-Line tab).
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Figure 8-5: Example GoldenDUT, GoldenReference, and GoldenCalibration plots
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Loading a Golden Setup  To

File
1.

U

a

load a Golden Setup file:
Start IConnect and establish communications with the instrument.
Click the EZ toolbar button.
Click Golden Setup....
Click Load Golden Setup.

In the Open dialog box, navigate to and select the Golden Setup file that you
want to load.

Click Open. IConnect loads the specified Golden Setup file.
Click OK in the Golden Setup dialog box.

Taking DUT Z-Line Measurements with a Golden Setup

To take DUT Z-Line measurements and compare them against a known good
Golden Setup DUT:

1.
2.

Start IConnect and establish communications with the instrument.

Click the EZ toolbar button.
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3. Load a Golden Setup file. Make sure to use a Golden Setup file that was
created for the instrument to which you are connected, and the same test
cable assembly being used to take the current set of measurements.

4. Connect the test cable assembly to the instrument. Make sure to use the same
type of test cable assembly (cable types, lengths, TDR probes, connectors,
fixtures, and so on) that was used to create the Golden Setup.

S. Select the DUT waveform source/channel from the Waveform: drop-down
list.

6. Click Reference in the DUT Setup area. IConnect displays a message asking
you if you want to adjust the instrument settings to align the new reference
with the Golden Reference.

7. Click Yes. IConnect adjusts the instrument settings to align the waveforms,
acquires the new reference waveform, and plots the new reference on the
TDR/T tab, with the label Reference. The new Reference waveform is silver.

8. Do one of the following:
m  Select the Do not use 50 Q Cal check box.

B Acquire a new calibration waveform. Connect a 50 € termination to the
end of the test cable assembly and then click 50 € Cal (opt). IConnect
acquires and plots the new calibration waveform in silver. Then remove
the 50 Q termination.

9. Connect the DUT to the test cable assembly.

10. Click Acquire DUT. IConnect acquires the DUT waveform and plots it on
the TDR/T and Z-Line tabs. The DUT plot is labeled DUT#n on the TDR/T
tab, and Zn on the Z-Line tab, where # is an integer that increments for each
DUT waveform acquired.

11. Compare the DUT impedance waveform with the GoldenDUT impedance
waveform to determine if the DUT meets the GoldenDUT waveform
characteristics.

12. Disconnect the DUT.
13. Repeat steps 9 through 12 for each DUT you want to test.

14. You should acquire a new reference waveform at regular intervals during
prolonged DUT testing to adjust the instrument to compensate for drift. See
Adjusting for Instrument Drift on page 8-11 for the procedure to do this.
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Taking DUT Z-Line Measurements Without a Golden Setup

You do not need to load a Golden Setup to make impedance measurements. The
minimum requirement is a reference waveform, which is a waveform of the test
cable assembly minus the DUT.

Some reasons for not using a Golden Setup file include:
®  To evaluate candidate DUTs to use when you create a Golden Setup

®  To measure Z-Line plots of DUTs that you do not need to compare to a
Golden DUT

®  You do not have a Golden DUT against which to compare the DUT
To take DUT Z-Line measurements without using a Golden Setup:
1. Start IConnect and establish communications with the instrument.

2. Connect the test cable assembly to the instrument. Leave the test cable
assembly open, or terminate with a short; do not terminate it with a 50
load.

3. Adjust the instrument to display the TDR reference waveform.

4. Adjust the instrument so that the reference waveform rising edge is near the
left edge of the graticule.

S. Connect the DUT to the test cable assembly.

6. Adjust the instrument so that the DUT waveform rising edge is near the right
edge of the graticule.

7. Disconnect the DUT. Leave the test cable assembly open, or terminate with a
short; do not terminate it with a 50 €2 load.

8. Click the EZ toolbar button.

9. Select the DUT waveform source/channel from the Waveform: drop-down
list.

10. Click Reference in the DUT Setup area. IConnect displays a message asking
you if you want to proceed.

11. Click Yes. IConnect acquires the reference waveform and plots it on the
TDR/T tab, with the label Reference. The Reference waveform is silver.
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12.

13.
14.

15.
16.

17.

Select one of the following two options:
®m  Select the Do not use 50  Cal check box.

B Acquire a calibration waveform by connecting a 50 Q termination to the
end of the test cable assembly, clicking 50 € Cal (opt), and then
removing the 50 Q termination. The Calibration waveform is plotted in
silver.

Connect the DUT to the test cable assembly.

Click Acquire DUT. IConnect acquires the DUT waveform and plots it on
the TDR/T and Z-Line tabs. The DUT plot is labeled DUT#n on the TDR/T
tab, and Zn on the Z-Line tab, where # is an integer that increments for each
DUT waveform acquired.

Disconnect the DUT.

Repeat steps 13 through 15 for each DUT for which you want to create an
impedance plot.

You should acquire a new reference waveform at regular intervals during
prolonged DUT testing to adjust the instrument to compensate for drift. See
Adjusting for Instrument Drift on page 8-11 for the procedure to do this.

Adjusting for Instrument Drift

During prolonged DUT testing, small changes in the test cable assembly, plus
temperature drift in the instrument, can cause the acquired DUT waveforms to
shift over time. This can change the impedance calculations.

To improve impedance calculations, you should acquire a reference waveform at
regular intervals during prolonged DUT testing. You will need to determine the
interval, but a starting point should be every 2 hours.

To acquire a new reference waveform and adjust the instrument for drift:

1.
2.

Disconnect the DUT from the test cable assembly.

Click Reference in the DUT Setup area. [Connect displays a message
asking you if you want to align the new reference with the Golden Reference
(if there is one) or with the previous Reference.

Click Yes. IConnect adjusts the instrument to align the new reference
waveform, acquires the reference waveform, and then plots the new reference
on the TDR/T tab, with the label Reference. This replaces the previous
Reference if there is one.

Connect a DUT to the test cable assembly and continue taking measure-
ments.
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Adjust to Position Feature

There may be times when you need to compare the Z-Line plots of two DUTs
whose TDR waveforms are not properly aligned, possibly due to small time
delay differences in the acquired waveforms. The Adjust to Position feature lets
you align one DUT TDR waveform plot with another DUT plot in order to
provide a more accurate comparison of their Z-Line plots.

To align two DUT waveforms:
1. Click the TDR/T tab

2. Select and drag one of the DUT waveforms so that it aligns horizontally with
the other DUT waveform. You do not need to be precise in the vertical axis,
just the horizontal axis.

3. With the moved DUT waveform still selected, click the right mouse button
and select Adjust To Position from the pop-up menu. IConnect displays a
dialog box asking you if you want to continue.

4. Click Yes. IConnect repositions the selected waveform on the horizontal
axis, ignoring any vertical movement you may have done during the move,
pads the waveform leading or trailing edge data to make up for missing data,
and then replots the Z-Line plot for the moved waveform.

5. Click the Z-Line tab to compare the two DUT Z-Line plots.

6. You can repeat steps 2 through 5 to refine the DUT waveform position if it is
not as aligned as you want it to be.
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IConnect’s waveform computation capabilities are the key to accurately
interpreting your TDR measurements and easily developing accurate models in
IConnect. This chapter covers the use of the waveform computation window for
extracting model parameters and doing waveform math and basic signal
processing.

Waveform Computations Overview

IConnect is capable of performing a number of waveform computations,
including impedance profile computation, which is the precursor to many
extraction techniques. General waveform math operations such as addition,
subtraction, multiplication and division of two waveforms are available, as well
as integration, differentiation, and risetime filtering. IConnect can also compute
self and mutual inductances as well as self and mutual capacitances according to
JEDEC standard techniques.

IConnect is capable of computing scattering parameters from TDR measure-
ments, allowing you to use your oscilloscope like a network analyzer, and also
computes the spectrum of a step-like function such as a TDR input step using
FFT-based methods.

NOTE. No computations are currently supported for frequency-domain data,
which is why frequency-domain waveforms may not be selected as computation
operands, and frequency-domain viewers may not be selected in the Waveform
Viewer dropdown.
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Figure 9-1: Waveform computation window

Computation Window. Computations are performed from the computation
window, which is a dockable window associated with the main IConnect
window. You may toggle its visibility using the View/Computation Window
menu command. Or, use the View/Toolbars/Auxiliary Toolbars menu
command to enable visibility of the auxiliary toolbar, after which you can toggle
the visibility of the computation window using the toolbar button.

Computation Selection. The desired computation is selected using the drop-down
list at the top of the computation window. The other choices available from the
computation window will change in response to your selected computation.

Waveform Viewer Selection. It is necessary to choose which waveform viewer to
use as a source for computation waveforms. This selection is made using the
drop-down list box marked TD Source Waveform Viewer: near the top of the
computation window. The list box contains the names of all currently open time
domain waveform viewers. If no viewers are available, the viewer selection list
box and the remainder of the computation window are disabled.

For computations which transform time-domain data into frequency-domain
data, an additional drop-down list box titled FD Target Waveform Viewer: is
displayed. The list box contains the names of all currently open frequency
domain waveform viewers. The selected waveform viewer is used to display the
resultant waveforms. If no frequency domain viewers are available, a new
frequency-domain viewer is created to display the results of the computation.
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Waveform Filtering

Waveform Selection. Once the desired computation and waveform viewer(s) are
selected, the waveforms available as operands are listed in the group of one to
three drop-down list boxes in a group titled Waveforms. Each list box contains a
list of waveforms from the selected waveform viewer which are pertinent to the
desired computation.

NOTE. An exception is when Waveform Math is selected, in which case one of
the boxes is used to select a math operator.

The number of list boxes and the type of waveform available in each will depend
on which computation has been selected. In each list box, choose the waveforms
upon which the desired operation is to occur.

Additional Parameters. Depending on the selected computation, one or more
additional parameters may be available at the bottom of the computation window
for selection.

Computation. Once the appropriate parameters have been selected, the computa-
tion is performed on the selected waveforms by pressing the Compute button at
the bottom of the computation window. The computed waveform is inserted into
the chosen time domain waveform viewer, unless the computation transforms
time-domain data into frequency-domain data. In this case, the computed
waveform is inserted into the chosen target frequency domain waveform viewer.

A lowpass filter may be applied to a waveform to remove excessive noise that is
present, or to simulate how a measured TDR waveform or simulated waveform
would appear in response to a slower-risetime input signal. For technical
discussion on the effective use of filtering, see References on page B-1.
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Figure 9-2: Transmission waveform that has been filtered to emulate a 500 ps
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Waveform filtering is executed from the computation window by choosing Filter
from the Compute list box. It may be necessary to choose an operand waveform
from the drop-down list box in the group titled Waveforms. It may also be
necessary to enter a desired filter risetime in the parameter entry box at the
bottom of the computation window. Press the Compute button, and the resultant
waveform will be placed in the selected waveform viewer.

NOTE. Waveform filtering may be easily applied to a group of selected wave-
forms or to a single waveform from the waveform context menu, which is
accessed by right-clicking on a waveform or on its name in the waveform legend
window.

The applied filter is a gaussian pulse which, if applied to an ideal step, would
result in a 10%-90% risetime equal to the number entered in the Risetime
parameter entry box at the bottom of the computation window. The pulse is
delayed by three times its standard deviation to avoid undesirable edge effects.

Impedance Profile Computation

The impedance profile of a device is its characteristic impedance as a function of
distance along its length. Use of a post processing algorithm such as that
implemented in IConnect is almost always necessary to get accurate impedance
profile information from measured waveforms, since in raw TDR waveforms the
effects of any multiple discontinuities are superposed on each other. Computa-
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tion of the impedance profile gives the user access to information on the DUT
which would otherwise be hidden.

The existence of an impedance profile assumes that the DUT can be modeled as
a nearly lossless transmission line of non-uniform characteristic impedance. The
impedance profile can be thought of as answering the question, “If this DUT can
be modeled as a series of cascaded transmission line segments, what would be
the impedance of each segment?” The nearly lossless assumption is a valid
approximation in a large number of circuit board and packaging applications
currently in use and development. For further technical discussion on impedance
profile, the user is referred to References on page B-1.

In IConnect, the impedance profile of a DUT is computed from its response to a
TDR step input, based on how a non-uniform transmission line would respond to
such a step. For this reason, computation of the impedance profile requires both
a TDR input step and a TDR response as parameters.
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Figure 9- 3: Calculating the impedance profile

The impedance profile is computed via the computation window by choosing
Z-Line from the Compute list box, or by simply pressing the red Z on the
algorithms toolbar. It may be necessary to choose two operand waveforms from
the drop-down list box in the group titled Waveforms. In the list box labeled
DUT:, identify the waveform that is the reflection from the DUT. In the list box
labeled Step:, identify the waveform which was the open-circuit or short-circuit
response at the interface to the DUT. It may be necessary to change the value for
the characteristic impedance of the measurement system in the parameter entry
box labeled Zy: at the bottom of the computation window, and it may also be
necessary to adjust the threshold value in the parameter entry box labeled
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Threshold: at the bottom of the computation window. Press the Compute
button, and the resultant waveform will be placed in the selected waveform
Viewer.

Calibration. You may also want to supply an optional 50 Q calibration waveform
to improve the accuracy of the computations by calibrating out some launch
discontinuities. This waveform is measured by attaching a 50 € termination in
place of the DUT and measure a TDR reflection waveform, and is subtracted
from the DUT and reference waveforms by IConnect prior to computing the
impedance profile. However, the Z-Line algorithm calibrates out many of the
discontinuities even without a 50 Q calibration waveform, so in most cases
supplying the extra waveform will not improve accuracy significantly.

Notes on Impedance Profile. The impedance profile is computed via a deconvolu-
tion technique, and as such requires accurate input data. If you experience
difficulty, first check to ensure that you have used the correct waveforms as
inputs to the algorithm. It is also important to be aware that because of the
deconvolution nature of the algorithm, noise originally present in measured
waveforms may be amplified, even to the point of algorithm breakdown. If your
resultant waveform appears to be at all unstable, adjust the threshold value to a
higher level. In many cases, this will be enough to achieve an accurate result. For
further reading, see References on page B-1.

Threshold Parameter. The settable threshold parameter is a method for reducing
the sensitivity of the computed impedance profile to measurement noise and
error. It reduces the effects of time offsets and vertical noise present in the
measured data so they do not have an artificially large effect on the computation.
It is commonly set between 25% and 75%, depending on the noise level present
in the measured data. Values lower than 25% may not have an appreciable effect,
and values higher than 75% may damp out the signal along with the noise.

Typically a higher threshold setting is necessary when the risetime of the signal
is fast compared to the sampling interval of the data, since this condition results
in increased digitization error in the signal transition, which can in turn affect the
impedance profile computation. A higher setting may also be necessary if your
signal launch has significant discontinuities.
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Step Spectrum Computation

It is often useful to have information on the frequency content present in a signal
used to excite a device under test. This information gives us an upper bound on
the validity of any model extracted from the DUT response.

Mathematically speaking, the excitation and the corresponding response of the
device are related in the frequency domain by y(jw) = H(jw)x(jw), where x(jw) is
the excitation, H(jw) is the system transfer function (such as scattering parame-
ters) and y(jw) is the response. From the equation, it is apparent that if there are
frequencies at which x(jw) is negligibly small, the measured response will
contain little or no information about the DUT at those frequencies, and
consequently we have no way of validating our model at those frequencies.

Step- like FFT. The fast fourier transform (FFT) can be used to compute samples
of the spectrum of a time-limited signal. However, since a TDR step is not time
limited, but instead continues indefinitely at steady state, special techniques must
be utilized to get an accurate estimate of its frequency content. In effect, the
waveform is differentiated such that it becomes time limited, and the FFT is
computed. The resultant frequency-domain data, h[k], is divided by the sequence

20k
1—-—en~
to regain the spectrum of the original signal. However, inspection of the
equations reveals that the resultant value for 4[0] will be 0/0, and indeed the
frequency spectrum of an ideal step waveform is 1/jw, which is infinite at DC.
For this reason, IConnect does not report a DC value for step spectra, but instead
artificially sets the DC value to zero in an attempt to remind the user that this
data point is invalid.

Readers interested in further details of FFTs of step-like signals are referred to
References on page B-1.

Performing the Computation. The step spectrum is computed from the computa-
tion window by choosing Step Spectrum from the Compute list box.
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Figure 9-4: Computing the frequency-domain spectrum of an input step

From the Wfm: drop-down list box in the group box titled Waveforms, choose
an open or short circuit step to approximate the TDR waveform used to excite
the DUT.

Once you select your source waveform, IConnect will attempt to choose
appropriate default values for Af, the sample interval of the computed frequency
data, and Fp,x, the maximum value of the computed frequency data. If you feel
that you need to override the default values, you may do so by checking the Set
Manually check box and entering the desired values for Af and Fy,. Note that
choosing a large value of Fyyax and a small value of Af can result in long
computation times and high memory usage. The maximum allowed value of
Fmax is also limited by the time step in your source waveform by the equation
F 1 . If you choose an Fyy,x value which is too high to meet this

max =
2AT
criteria, IConnect will inform you of the maximum value you may choose based

on your source waveform.

Click the Compute button, and the step spectrum will be displayed in the
frequency-domain waveform viewer designated in the FD Target Waveform
Viewer: drop-down list box. If no frequency domain waveform viewer is
currently open at the time the computation is performed, a new frequency
domain viewer will be opened with the step spectrum displayed in it. Note that
this operation may be performed more readily by right clicking on the step
waveform and choosing Spectrum from the resulting context menu.
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S-Parameter Computation

For more information on how to compute S-Parameters, refer to S-parameter
Computation Tutorial on page 2-27.

Frequency-domain scattering parameters are a useful way to visualize the
electrical properties of a system, and they are more recently being used to test
compliance with certain interconnect standards. Although they have historically
been measured in the frequency domain using a network analyzer, much of the
same information is contained in TDR and TDT measurements which can be
made for a fraction of the cost of network analyzer measurments. However, in
order to obtain a frequency-domain representation of the data from TDR/T
measurements, several signal processing steps are required.

Mathematically, the input and the output of the system are related in the
frequency domain by

b(jw) = S(w)a(jw)

where a(jw) is the incident voltage step from the TDR, and b(jw) is either the
reflected voltage step or the transmitted voltage step. Transforming our
time-domain measurements of a and b into the frequency domain and inverting
the equation allows us to compute S(jw), which is the scattering parameter
element relating a(jw) and b(jw).

NOTE. Scattering-parameter computation is just as valid for TDT (through)
measurements as it is for TDR (reflection) measurements. TDT results in

insertion loss (SZZ), TDR in return loss (S11).

The observant reader will note that at frequencies at which a(jw), the input
signal, is zero, the equation is not invertible. In practice a measured value of a
will rarely be identically zero; however, above a certain frequency it will
typically be very small, and above this frequency the computed value for S(jw)
will be meaningless. (The frequency at which the input signal spectrum is too
small to return accurate data is dependent on the risetime and shape of the input
signal, although the effect can easily be observed qualitatively using the Step
Spectrum computation capability of IConnect.) IConnect allows the user to select
a cutoff frequency above which frequency domain samples are not computed, in
order to keep noisy high-frequency data from obscuring the accurate low-fre-
quency data.

Performing the Computation. The scattering parameter is computed from the
computation window by choosing S-Parameter from the Compute list box.
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Figure 9-5: Computing device scattering response

From the drop-down list box titled Ref:, choose an open circuit step to approxi-
mate the TDR waveform used to excite the DUT. From the list box titled DUT:,
choose the measured response of the DUT to the input step.

Once you select your source waveform, IConnect will attempt to choose
appropriate default values for Af, the sample interval of the computed frequency
data, and Fp,x, the maximum value of the computed frequency data. If you feel
that you need to override the default values, you may do so by checking the Set
Manually check box and entering the desired values for Af and Fy,. Note that
choosing a large value of Fyyax and a small value of Af can result in long
computation times and high memory usage. The maximum allowed value of
Fmax is also limited by the time step in your source waveform by the equation

F ~ _1 .If you choose an Fpay value which is too high to meet this

max — 2 AT
criteria, IConnect will inform you of the maximum value you may choose based

on your source waveform.

Click the Compute button, and the scattering response will be displayed in the
frequency-domain waveform viewer designated in the FD Target Waveform
Viewer: drop-down list box. If no frequency domain waveform viewer is
currently open at the time the computation is performed, a new frequency
domain viewer will be opened with the scattering response displayed in it.

Calibration. For additional information on calibration, see Calibration on
page 2-34.

IConnect allows you to perform a partial calibration at your discretion when
computing S-parameters by supplying a matched 50 € waveform. The waveform
is measured by removing your DUT from your fixture and replacing it with a

50 € load. By subtracting this waveform from your measured TDR waveforms
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prior to computation, [Connect removes certain fixturing and measurement
equipment effects. Because it is not a complete calibration, users should be
aware that the frequency to which their scattering parameter measurements will
be accurate is limited by the frequency at which their fixturing becomes
nonideal. However, quality cables and connectors are often accurate well past
12 GHz. It is important to be aware that if your fixturing setup is clean up to
your frequency of interest, it may not be worth the effort to supply a calibration
waveform, since you will not gain much by supplying the calibration waveform
to IConnect.

Use 50  calibration. Check this box if you wish to supply a 50 & matched
waveform for calibration. Whether you need a calibration waveform will depend
on how clean your fixture setup is at the highest frequency of interest.

Ref type. IConnect will perform the calibration differently depending on which
type of waveform you supplied as a reference. If you supplied an open-circuit or
short-circuit TDR waveform as your reference waveform, select Open/Short. If
you supplied a matched TDT waveform as your reference waveform, select
Thru.

DUT type. IConnect will perform calibration differently depending on which type
of waveform you supplied as DUT. If you supplied a TDR waveform to measure
DUT return loss, select Open/Short. If you supplied a TDT waveform to
measure DUT insertion loss or crosstalk, select Thru.

Load 50 ©2 waveform. Select your calibration waveform from this drop down box.
Your calibration waveform should be a TDR waveform measured by replacing
the DUT with a 50 & termination.

Capacitance and Inductance Computation

IConnect is capable of computing lumped self- and mutual- capacitance and
inductance terms by examining the behavior of TDR waveforms from t=0 to
steady state. Some of the relevant mathematical derivation and measurement
issues are discussed in References on page B-1. This manual is limited to the
procedural details of each operation.

The asymptotic capacitance and inductance computations are accessed via the
computation window. The computation to be performed is chosen from the
computation drop-down, which causes the drop-down list boxes and their labels
in the Waveforms group to adjust for data entry. It may be necessary to choose a
waveform viewer from which to choose the input waveforms for the computa-
tion. This viewer will also receive the resulting waveform once it is computed.
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General tips for lumped inductance/capacitance computations. Wait for steady
state. Each of these methods is based on the DC relationships between charge
and voltage (capacitance) and flux and current (inductance). For this reason, it is
necessary that all waveforms have reached a steady state value in order to get
accurate results.

Use the correct reference waveform. Parasitic measurement requires informa-
tion on what the ideal response would be — open circuit for self capacitance,
short circuit for self inductance. Mutual measurements only require input
information to determine the initial and final voltage and values.

Pay attention to quiescent nearby leads or lines, and the far ends of the lines
under test. For capacitance measurements, the lead(s) in question should be
open-circuited at the far end, and adjacent leads short-circuited, and vice versa
for inductance measurements.
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Self Inductance  In the computation window, choose L-Self as your computation. In the DUT:
Computation  waveform choice, select the measurement of your DUT short-circuited at the far
end. For the Short: waveform, select the reference waveform that corresponds to
your measurement system shorted where the DUT would normally be placed. It
may be necessary to enter the characteristic impedance and step amplitude for
your measurement system prior to performing the computation.
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Figure 9-6: Self inductance computation

Once these parameters have been chosen, pressing the Compute button performs
the computation. The resultant waveform will be placed in the chosen waveform
viewer and the inductance is measured as the final asymptotic level that the
inductance waveform reaches. If the cursors are used to make the measurement,
they read directly in units of Henries.
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Self Capacitance

Computation

In the computation window, choose C-Self as your computation. In the DUT:
waveform choice, select the measurement of the DUT open-circuited at the far
end. In the Open: waveform option, select the reference waveform, which
corresponds to the measurement system open-circuited where the DUT would
normally be placed. It may be necessary to enter the characteristic impedance
and step amplitude for your measurement system prior to performing the
computation.
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Figure 9-7: Self capacitance computation

Once these parameters have been chosen, pressing the Compute button performs
the computation. The resultant waveform will be placed in the chosen waveform
viewer, and the capacitance is typically measured as the final asymptotic level
that the capacitance waveform reaches. If the cursors are used to make the
measurement, they read directly in units of Farads.
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Mutual Inductance  In the computation window, choose L-Mutual as your computation. In the DUT:
Computation = waveform option, select the measurement of the near-side crosstalk on the

quiescent line with adjacent leads open at the near end, short-circuited at the far
end. In the Short: waveform choice, select the waveform that corresponds to
your measurement system shorted where the DUT would normally be placed. In
the Bkgnd: waveform option, select the background waveform, which is
acquired on the channel used to measure the DUT waveform when the DUT is
disconnected. It may be necessary to enter the characteristic impedance and step
amplitude for your measurement system prior to performing the computation.
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Figure 9-8: Mutual inductance computation

Once the above parameters have been chosen, pressing the Compute button
performs the computation. The resultant waveform will be placed in the chosen
waveform viewer, and the inductance is typically measured as the final asymptot-
ic level that the inductance waveform reaches. If the cursors are used to make the
measurement, they read directly in units of Henries.
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Mutual Capacitance
Computation

Flip Waveform
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In the computation window, choose C-Mutual as your computation. In the
DUT: waveform option, select the measurement of the near-side crosstalk on the
quiescent line with adjacent leads shorted at the near end, open-circuited at the
far end. In the Open: waveform choice, select the waveform which corresponds
to your measurement system open-circuited, where the DUT would normally be
placed. In the Bkgnd: waveform option, select the background waveform, which
is acquired on the channel used to measure the DUT waveform when the DUT is
disconnected. It may be necessary to enter the characteristic impedance and step
amplitude for your measurement system prior to performing the computation.
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Figure 9-9: Mutual capacitance computation

Once the above parameters have been chosen, pressing the Compute button
performs the computation. The resultant waveform will be placed in the chosen
waveform viewer, and the capacitance is typically measured as the final
asymptotic level that the waveform reaches. If the cursors are used to make the
measurement, they read directly in units of Farads.

In certain applications it is useful to flip a waveform end for end. A typical
application is one in which the impedance profile of a long line has been
computed. If some of the detail at the far end of the line has been masked, it may
be useful to make a reflection measurement from the far end of the line, compute
the impedance profile, and flip the resulting impedance wavetform. The flipped
waveform may then be used to build a model of the far end of the line.
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Waveform Math

IConnect is capable of performing addition, subtraction, multiplication, and
division of two waveforms. It will also perform integration, differentiation, and
filtering of a waveform. Since a constant may be substituted for one of the
waveforms, waveform math also allows convenient scaling and offsetting of
waveforms.

Waveform math is executed from the computation window by choosing
Waveform Math from the Compute list box. It may then be necessary to
choose the desired operator from the Operator drop-down list located in the
Waveforms group. Depending on the nature of the operator, it may be necessary
to choose either one or two operand waveforms in the remaining drop-down list
boxes in the group. Press the Compute button, and the resultant waveform will
be placed in the selected waveform viewer. To use a constant as one of your
operands, choose Constant from one of the waveform selection boxes, and enter
the value of the constant in the text box at the bottom of the Computation
Window.
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Figure 9-10: Reflection waveform that has been adjusted by -50 mV

IConnect® and MeasureXtractor™ 4.0 User Manual 9-17



Waveform Computations

9-18

Notes on integration and differentiation. Integration is performed as the running
sum of the waveform data points, multiplied by the time step between data
points. For this reason, the magnitude of the integrated waveform will typically
be several orders of magnitude smaller than that of the original waveform.

Differentiation is performed as the difference between consecutive waveform
data points, divided by the time step between data points. For this reason, the
magnitude of the differentiated waveform will typically be several orders of
magnitude larger than that of the original waveform.

NOTE. Differentiation attenuates low-frequency components and amplifies
high-frequency components. Therefore, it is not uncommon for high-frequency
noise to be visibly present in a differentiated waveform.
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Screen Capture

IConnect and MeasureXtractor TDR and VNA software comes with the ability to
capture screen shots of windows to a file, the clipboard, or a printer. It also
comes with the ability to easily send waveforms by E-mail, provided that you
have Microsoft’s Messaging Application Programming Interface (MAPI)
installed.

IConnect comes with its own screen capture capability for straightforward visual
documentation of measurement and modeling results. Captured bitmaps may be
easily transferred into any software tool that is capable of reading bitmaps either
from the clipboard or a file. The captured bitmap may also be sent directly to a
printer for output.

The screen capture window. The screen capture is accessed via the Tools/Screen
Capture... command or from the screen capture icon on the auxiliary toolbar.
You may need to select one or more parameters prior to performing your capture.
The options are described below.

“windows
v ctive window
" Main window

" Selected window
(" Selected rectangle
" Desktop

[T Exclude border

wwnite [mage o
[ Clipboard

mael |

[ Prirter

Captune | Cloze I

Figure 10-1: The Screen Capture dialog box
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Window. Active window - the currently active model or waveform viewer
window. If none is present, the main IConnect window is captured.
Main window - the main IConnect window and everything on top of it.
Selected window - any window on your computer screen. You will subsequently
select the window with your mouse.
Selected rectangle - any area of your computer screen. You will subsequently
select the area with your mouse.
Desktop - the entire area of your computer screen, including the taskbar if it is
visible.
Exclude border - determines whether or not the border of the window will be
included in the captured bitmap.
Write Image to:

Clipboard - image is written to the system clipboard.

File - image is written to the selected file. You may use the ... button to choose
a file, or you will be prompted if no file is selected.
Printer - image is sent to the printer. You will be prompted for printer options
after the capture takes place.

Capturing the window. Capture is initiated by pressing the Capture button at the
bottom of the screen capture window. Depending on what type of capture you are
performing, different steps must be taken.

If you are capturing the Active Window, Main Window, or Desktop, you
simply press and release the Capture button to complete the capture.

If you are capturing a Selected Window, you must hold the mouse button down
after pressing the Capture button, and release it over the window you want to
capture. As you point across the screen with the button depressed, each window
to be captured will be outlined. When you are above the desired window, release
the mouse button, and the window will be captured.

If you are capturing a Selected Rectangle, you must hold down the mouse
button after pressing the Capture button. When you get to a corner of the
rectangle you want to capture, press the <Ctrl> key, continuing to hold down the
mouse button. While the mouse button is still depressed, drag the pointer to the
opposite corner of the rectangle and release the mouse button. Once the mouse
button is released, the outlined rectangle will be captured.

IConnect comes with built-in E-mail utilities for easily sharing data and models.
These utilities are available via the File/Mail menu and they enable the user to
send waveforms and SPICE models as E-mail attachments. To be able to send
E-mail directly from IConnect, it is necessary to have Windows Messaging
installed as part of your operating system. More information on Windows
Messaging can be found in The MAPI interface on page 10-3.
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Sending Waveforms. To send one or more waveforms via electronic mail, select
the waveforms within the waveform viewer and choose the File/Mail/Selected
Waveforms... menu item. An E-mail window for your default mail program will
pop up, with the selected waveforms included as attachments to the E-mail. You
are free to edit the recipient list as well as the subject line and the body of the
message before sending the message. The mail will be addressed by default to
the E-mail address you have selected in the General program options, accessible
via the Tools/Options... menu item.

To send a waveform viewer with its associated waveforms:
Select all waveforms and send them.
Send waveform viewer using File/Mail/Current Document menu command.

To receive a waveform viewer with its associated waveforms:
Place all attachments in one directory.
Open the waveform viewer file (*.wfv) in IConnect.

Sending a Model. To send a model via electronic mail, select the model’s window
so that it is active. Then go to the File/Mail menu and the document should
appear as one of the menu choices. Choose the document name and a mail
window for your default mail program will pop up with the model included as an
attachment. You are free to edit the recipient list as well as the subject line and
the body of the message before sending the message.

NOTE. Models that include waveforms as part of the model will not be sent in
their entirety. The waveform must be sent separately. If the waveform is not sent,
the model may be evaluated by a simulator, but may not be edited. Likewise,
waveforms must be sent separately from the waveform viewer.

The MAPI interface. The E-mail connection is implemented via the Microsoft
Messaging Application Programming Interface (MAPI), which allows end-user
programs to manage electronic mail using a well-defined interface. Although it is
not necessary that you use Microsoft products to send and receive E-mail, it is
necessary to have the Microsoft Messaging option installed as part of your
operating system. To determine whether Windows Messaging is installed on
your system, check to see if the Inbox icon is present on your desktop. If it is
absent, Windows Messaging has not been installed and the mail utilities of
IConnect will be grayed out and inaccessible.

Windows Messaging is installed using the Add/Remove programs icon in the
control panel. For further information, see the documentation shipped with your
operating system, or contact Tektronix.
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NOTE. For further help on installation of Windows Messaging, use the keywords
“e-mail” or “windows messaging” to search the operating system Help.

Using non- Microsoft E- mail Clients. If your preferred E-mail client is not
Microsoft Exchange, you may still be able to use the IConnect E-mail utilities,
provided that your mail implements the MAPI interface. The configuration of
your mailer as the default MAPI client will vary from product to product. As an
example, the following steps configure Netscape 6:

1. Choose the Edit/Preferences... menu item.
2. Choose the Mail & Newsgroups item in the Preferences window.
3. Select Use Netscape Mail as the default mail application. Click OK.

Configuration approaches for other E-mail clients will vary, and are not always
available. However, it is always possible to save files to disk and send them as
E-mail attachments outside of the IConnect framework.
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General Options

IConnect and MeasureXtractor TDR and VNA software has many settable user
options. They are accessible by choosing the Tools/Options... menu command,
and clicking on one of the tabs: General, Computations, Simulation, or Wave-
form Viewer. The available options are described in the following sections.

Several general program options are set within IConnect. They are accessible by
choosing the Tools/Options... menu command, and clicking on the General tab.
The available options are described below.

General | Computationl Simulation | wiaveform Viewerl

“Your name [uzed to label created files)

. IAdminislrator
Email waveforms ta: Iiconnecbsuppolt@tak.com

[~ Skip prirt dialog when printing from toolbar

U

Cancel |

Figure 11-1: The Options dialog box

Your Name. IConnect uses your name to label files that you have created, so that
different users may keep track of their work. You may choose to have IConnect
obtain your name from the system, or you may enter a name yourself.

Email Waveforms To. You can enter an e-mail address to which IConnect will
automatically address waveforms to be sent by email. The default email address
is iconnect-support@tek.com.
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Skip Print Dialog when Printing from Toolbar. Some people prefer that the print
toolbar bypass the print setup dialog and print with the set of values used for the
previous printing. If you prefer this behavior, check the box.

Several computation options are set within IConnect, to allow users to customize
IConnect for their particular measurement setups and usage habits. The
computation options are accessible by choosing the Tools/Options... menu
command, and clicking on the Computation tab. The available options are
described below.

Options

General  Computation | S\mulat\nnl waveform Viewerl

Filter rizatime: [ [35p S
2 50 &
ZLine threshold: ilh-4

Step amplitude: | 250m

¥ Apply settings to computation windaw now

Cancel |

Figure 11-2: Setting computation options via the Tools/Options menu command

Filter risetime. The filter risetime may be entered into the text box entitled Filter
risetime:. This value will be the first to come up in the computation window
when IConnect is started.

Zp. The characteristic impedance of your measurement system may be entered in
the text box labeled Zgy:. This allows [Connect to properly interpret voltage
values measured from your scope for computing inductance, capacitance, and
impedance profile.

Z-Line threshold. The default threshold value for the Z-Line algorithm may be
entered in the text box labeled Z-Line threshold:. The threshold value is used to
improve the stability of the algorithm by filtering out high-frequency noise.
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Step amplitude. The step amplitude of your TDR oscilloscope may be entered in
the text box labeled Step amplitude:. The value entered is the amplitude of the
step measured at DC at the end of an open-circuited cable of impedance Z,
which is half the value of the entire voltage swing output by the step generator
itself. Nominal values are 250 mV for Tektronix oscilloscopes and 200 mV for
Agilent oscilloscopes.

Apply settings to computation window now. Check this box if you wish for the
settings to take effect immediately. Otherwise they will be preserved as defaults
to be used the next time you start [Connect.

Several simulation options are set within IConnect, both to configure the
software to interface with the simulation engine, and to allow increased
flexibility for the modeler. The simulation options are accessible by choosing the
Tools/Options... menu command, and clicking on the Simulation tab. The
available options are described below.

Simulator:
Executable:

ID:\Pngram Files\TDA SystemshCannect Ev Browse... |

Command Line:

IDefauIl Ed.. |

I Run simulation manually

Include subcircvits using
’7(" Full path name of subcircuit

+ Path name relative to composite madel

[~ Use only integer nodes in netists
Accuacy: [ielative tolerance) [1e-005 =

¥ Save Generated Models Automatically

ok I Cancel Help

Figure 11- 3: Setting simulation options via the Tools/Options menu command

Simulator. The simulator may be chosen from the drop-down list box entitled
Simulator. Currently supported simulators are PSpice from Cadence, HSpice
from Synopsys, Berkeley Spice 3F from the University of California, and the
IConnect Linear Simulator. The chosen simulator determines what syntax is used
to write model netlists.
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Simulator executable. The path to the simulator executable may be typed in the
box titled Executable, or selected using the Browse button. This setting allows
IConnect to find the simulator to perform verification. The file must be
accessible via your path or the simulation will not launch.

Command line. This is the command line that IConnect will submit to the
operating system when you request it to run a simulation. For either of the three
directly supported simulators running on your local machine, the default calling
syntax should be correct. However, if you are running your simulation on a
remote computer or even running an unsupported simulator, you may have to
edit this field by pressing the Edit button. Note that this field may call a script or
other executable file if necessary. For more information on how the simulator is
called, see Configuring IConnect to Communicate with your Simulator on

page 6-2.

Run simulation manually. Instead of submitting your simulation job to the
simulator, [Connect pauses and allows you to submit the simulation manually.
After you inform IConnect that you have completed the simulation, it reads the
simulation from the output file. This option is useful if you are running your
simulation from a computer or network on which it cannot be launched directly
or by a script from within IConnect.

Subcircuit include mode. You can have IConnect include your subcircuits into a
composite model either by a fully qualified path name, including a drive letter, or
by a path name relative to the directory containing the composite model. In most
cases, it is advisable to use relative path names, since they allow a composite
model and its included subcircuits to be relocated to another directory or
computer without directly editing the composite netlist.

Use only integer nodes in netlist. Checking this box causes submodels to be saved
using only integer nodes. This option should be set if your simulator treats
numeric node names differently than it treats alphabetic node names. An
example of such a simulator is HSpice, which considers node 1A to be identical
to node 1. Using only integer nodes can negatively affect the readability of the
model netlist, but ensures that the above ambiguity will never be encountered.

Accuracy (relative tolerance). You may select or type the desired relative accuracy
you would like your simulator to achieve for each of the circuit variables such as
voltage, current, and charge. This number corresponds directly to the RELTOL
option found in most SPICEs. Note that this setting applies to all subsequently
saved composite models, so previously-saved composite netlists must be resaved
after changing this option in order for the setting to apply to those simulations.
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Save Generated Models Automatically. Before automatically validating your
model, IConnect will save your files automatically (in the directory of your
choice) as long as this box is checked. If you prefer the default to be that you
manually save all your files before simulating, uncheck this box. For more
information on automatic validation of models, see Configuring IConnect to
Communicate with your Simulator on page 6-2.

Waveform Viewer Options

The waveform viewer may be customized by setting a variety of options that are
accessed by invoking the Tools/Options... menu command and pressing the
Waveform Viewer tab. The options are outlined below.

Options
Genarall Eomputatlonl Simulation W aveform Viewer I
Colors——————————— ~ Linewidths:
Background: D wiavefarm: (2 3:
Cursorl: !I Cursors: |1 33
Cursorz: ! Grid: |1 33
Gridl:
! — Giid lines:
~ Display: Max vertical: {10 3:
Max. Frequency: | 12G Hz Max horizontal: |10 33
Max. Impadance.l 200 6 Girid wisible: [
Distance units: IInches 'I
. |—2 Labels...
T
Default colars for new waveforms:—————
EpmEEE
v Apply sattings b curently open wavsfom viswers
e |

Figure 11-4: Setting waveform viewer options via the Tools/Options menu
command
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Table 11-1: Waveform Viewer options

Colors:

Background sets the background color for the graph
Cursor1 sets the color for cursort

Cursor2 sets the color for cursor2

Grid sets the color for the waveform grid

Linewidths: (given in pixels)

Waveform width of waveform line
Cursor width of cursor lines
Grid width of grid lines
Display:

Max. Frequency

highest frequency for frequency-domain
display

Max. Impedance

maximum impedance value plotted

Distance Units

units for distance display in x-axis

g relative dielectric constant for converting time
to distance

Grid Lines:

Vertical Lines maximum number of vertical lines shown in

grid

Horizontal Lines

maximum number of horizontal lines shown in
grid

Grid Visible toggles whether the grid is visible in the graph
window
Labels Default label properties. See Using Labels in

the Waveform Viewers on page 7-12.

Default Colors for New Waveforms

These are the ten colors assigned in that order
to waveforms added to a waveform viewer.
After each set of ten waveforms, IConnect
cycles through the colors again.

Apply settings to currently open waveform
viewers

If box is unchecked, settings apply only to
newly opened waveform viewers. If this box is
checked, settings also apply to currently open
waveform viewers.
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The command line interface (CLI) of IConnect allows you to automate the
operation of IConnect via script files (e.g. written in LabView, Matlab, or Visual
C++) for such uses as in an production environment. Waveform data is input and
output using text files. Via a command line, you invoke IConnect with parame-
ters that instruct IConnect to perform a specific command and produce an output.
IConnect exits once the command has completed. No windows or other graphical
elements are displayed when IConnect is invoked in this manner.

The command line interface supports the following IConnect features:
B S-parameters

®  Touchstone

m  Z-Line

m  Filter

®  Cand L self

®  Cand L mutual

Conventions

The following conventions are used throughout the command line interface
section:

B Port: represents a port number
®m  Filename: represents an external filename

B Value: represents a value appropriate for the given key word

NOTE. Command-line syntax is case insensitive; however, the case of any output
file names will be preserved when creating the file.
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Formats
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Floating-point format

IConnect *.wfm format

The floating-point format for the command line parameters uses the standard
floating-point format (e.g. 12e9 equals 12 GHz).

This section provides some helpful tips when writing and reading *.wfm format
files. The open.wim file is located in the directory c:\Program Files\TDA
Systems\IConnect\Tutorials/Single Line.

Writing. Please see the example file open.wfm. To be safe, you should mimic not
only the keywords, but also the number of blank lines between keywords. You
may place whatever date you please in the File Created: field and whatever
name is appropriate in the Created By: field. You need to provide the correct
number of samples in the Samples: field and the appropriate time step in the
Step Size: field.

({4

Note that you do not need to include a “p” or any other suffix in the step size
field. You can just use a floating point number, such as 4.88e-12. All data points
should be written as floating point numbers. Ensure that the number of data
points matches the number after the Samples: keyword.

Reading. Please see the example file s11.wfm. The only keywords that matter are
Samples: and Step Size:. The value corresponding to keyword Step Size: may
have a suffix after it. If it is followed by k, multiply the value by 1e3. If it is
followed by meg, multiply the value by 1e6. If it is followed by G, multiply the
value by 1e9. Note that it may not have a suffix at all.

Here is a method to parse the file:

1. Ignore all lines until you reach Samples:, and read in the corresponding
integer value.

2. The next line is Step Size:, whose value must be read and multiplied by its
suffix value.

3. Ignore all lines until Data:.

4. After reading the Data: line, read in the first value of each of the lines
following it, which is the magnitude of S11 in dB. The second value is the
phase measured in degrees. The number of data points is the number given
with the Samples: keyword.
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Limitations

Syntax

General Syntax

S-Parameter Syntax

The following limitations exist for the command line interface:
®  Only square networks are supported.

B Only IConnect wim files are supported.

The command line always starts with the IConnect executable, followed by
command parameters:

IConnect -c <command> [command parameters]

<Command> is the name of the command that IConnect is to execute. The -c
command pair must be the first token pair following IConnect.exe.

Command parameters are specific to each command. Each parameter consists of
a key word token followed by a value token. Spaces are used to separate each
token. Quotes are used when a token contains spaces. Each key word begins with
a minus, “-”, but a value may only begin with a minus if it is a negative number
in the acceptable range for its key word.

Command parameters. Following is a list of command parameters that are
available for use with all commands.

Table 12-1: General command parameters

Command Required/
parameter Optional Description
-LogFile Optional Specifies the file name for error messages.
The default name is “IConnect.log”.
-LogLevel Optional Specifies if error messages are written to the log file. A value

of “0” means that no messages are written to the log file. A
value of “1” means that all error messages are written to the
log file.

The default value is “0”.

IConnect -c Spar <-Cal O|S|T|OL|SL|TL > <-CalOpenPort | —-Cal-
ShortPort | —CalThruPort Filename> <-TDRPortPort Filename>
[-TDT PortPort Filename] <-dF Value> <—Fmax Value> [-Plot Value]
[-CalLoadPort Filename] [-npE Port] [-Outfile Filename]
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Table 12-2: S-Parameter command parameters

Command
parameter

Required/
Optional

Description

-Cal

Required

Specifies the type of calibration desired. Legal values are:
“O” for Open calibration

“8” for Short calibration

“T” for Thru calibration

“OL” for Open-Load calibration

“SL” for Short-Load calibration

“TL” for Thru-Load calibration

This value must match the specified key words -CalOpenPort,
-CalShortPort, -CalThruPort, and -CalLoadPort.

-CalOpenPort

Required

Specifies the name of the file that contains the calibration
Open (or reference) waveform for the specified port, in
IConnect time-domain *.wfm format.

This must match the specified calibration type. Only one
calibration waveform may be specified for the same port. If
only one port is to be specified, then the port number may be
omitted from the key word.

-CalShortPort

Required

Specifies the name of the file that contains the calibration
Short (or reference) waveform for the specified port, in
IConnect time-domain *.wfm format.

This must match the specified calibration type. Only one
calibration waveform may be specified for the same port. If
only one port is to be specified then, the port number may be
omitted from the key word.

-CalThruPort

Required

Specifies the name of the file that contains the calibration
Thru (or reference) waveform for the specified port, in
IConnect time-domain *.wfm format.

This must match the specified calibration type. Only one
calibration waveform may be specified for the same port. If
only one port is to be specified, then the port number may be
omitted from the key word.

-TDRPortPort

Required

Specifies the name of the file that contains the TDR waveform
for the specified port, in IConnect time-domain *.wfm format.

If only one port is to be specified, then the port number may
be omitted from the key word.

-TDTPortPort

Optional

Specifies the name of the file that contains the TDT waveform
for the specified port, in IConnect time-domain *.wfm format.

Note: only square networks are supported. If only one port is
to be specified, then the port number may be omitted from the
key word.

12-4
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Table 12-2: S-Parameter command parameters (cont.)

Command Required/
parameter Optional Description

-dF Required Specifies the frequency sample interval in floating-point
format.

-Fmax Required Specifies the maximum frequency to which the S-Parameter
results will be computed, in floating-point format.

-Plot Optional Specifies the plot type for the output.

Valid values are:

m DB for db/phase

m Rl for realfimaginary

®  MA for magnitude/phase

The default value is DB.

-CalLoadPort | Optional Specifies the name of the file that contains the calibration
Load (or reference) waveform for the specified port, in
IConnect time-domain *.wfm format. This must match the
specified calibration type. If only one port is to be specified
then the port number may be omitted from the key word.

-npE Optional Specifies the number of excitation ports.

The default value is 1.

-OutFile Optional Specifies the base name of the output S-Parameter file, in
IConnect frequency-domain *.wfm format.

The appropriate port numbers and file extension are appended
to the base name.

The default value is “s”.

Touchstone Syntax ~ IConnect -c Tstone <-npE Port> [-CT SE|Diff] <-SPortPort |
-SQuadrantPortPort Filename ...> [-Plot Value] [-Outfile Filename]

In the syntax example, Quadrant represents a quadrant in a differential network.
Valid values are dd, dc, cd, and cc.
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Table 12- 3: Touchstone command parameters

Command Required/

parameter Optional Description

-npE Required Specifies the number of excitation ports.
-CT Optional Specifies the configuration type.

Legal values are “SE” for single ended, and “Diff” for
differential.

This value must match the specified key words -SPortPort
and -SQuadrentPortPort.

The default value is “SE”.

-SPortPort Required Single-ended syntax used to specify the name of the file that
contains the waveform, in IConnect frequency domain *.wfm
format.

This must match the specified configuration type.

-SQuadrant- | Required Differential syntax used to specify the name of the file that
PortPort contains the waveform, in IConnect frequency domain *.wfm
format.

This must match the specified configuration type.

-Plot Optional Specifies the plot type for the output.

Valid values are:

m DB for db/phase

m Rl for realfimaginary

®  MA for magnitude/phase

The default value is DB.

-OutFile Required Specifies the base name of the output Touchstone file.

Z-line Syntax  IConnect -c Zline <—Cal 0|S|OL|SL> <-CalOpen | -CalShort Fi/e-
name> <-TDR Filename> <-Thd Value> [-10 Value] [-CallLoad File-
name] [-Outfile Filename]
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Table 12-4: Z-line command parameters

Description

Command Required/
parameter Optional
-Cal Required

Specifies the type of calibration desired.

Legal values are:

“0” for Open calibration,

“S” for Short calibration,

“T” for Thru calibration,

“OL” for Open-Load calibration,
“SL” for Short-Load calibration, and
“TL” for Thru-Load calibration.

This value must match the specified key words -CalOpen,
-CalShort, and -CalLoad.

-CalOpen Required

Specifies the name of the file that contains the calibration
Open (or reference) waveform for the specified port, in
IConnect time-domain *.wfm format.

This must match the specified calibration type.

Only one calibration waveform may be specified for the same
port.

Specifies the name of the file that contains the calibration
Short (or reference) waveform for the specified port, in
IConnect time-domain *.wfm format.

This must match the specified calibration type. Only one
calibration waveform may be specified for the same port.

Specifies the name of the file that contains the TDR
waveform, in IConnect time-domain *.wfm format.

Specifies the characteristic impedance in Ohms.

The default value is 50.

Specifies the threshold.

Specifies the name of the file that contains the calibration
Load (or reference) waveform for the specified port, in
IConnect time-domain *.wfm format.

This must match the specified calibration type.

-CalShort Required
-TDR Required
-0 Optional
-Thd Required
-CalLoad Optional
-OutFile Optional

Specifies the name of the output Z-line file, in IConnect *.wfm
format.

If a file name is not specified, the DUT name is used as a
base name with the prefix “z-line_".
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Filter Syntax IConnect —c Filter <-WFM F7ilename> <-TRise Value> [-Outfile

Filename]

C self Syntax

Table 12-5: Filter command parameters

Command Required/

parameter Optional Description

-WFM Required Specifies the name of the file that contains the waveform, in
IConnect *.wfm format.

-TRise Required Specifies the rise time.

-OutFile Optional Specifies the name of the output Filter file, in IConnect *.wfm

format.

If a file name is not specified, the DUT name is used as a
base name with a suffix of the rise time in parentheses.

IConnect -c CS <-CalOpen F7lename> <-TDR | TDT F7ilename> [-Z0
Value]l [-Outfile Filename]

Table 12-6: C self command parameters

Command Required/

parameter Optional Description

-CalOpen Required Specifies the name of the file that contains the calibration
Open (or reference) in IConnect time-domain *.wfm format.

-TDR Required Specifies the name of the file that contains the TDR
waveform, in IConnect time-domain *.wfm format.

-TDT Required Specifies the name of the file that contains the TDT waveform,
in IConnect time-domain *.wfm format.

-20 Optional Specifies the characteristic impedance in Ohms.
The default value is 50.

-OutFile Optional Specifies the name of the output C-self file, in IConnect *.wfm

format.

If a file name is not specified, the name Cself.wfm is used.
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L self Syntax  IConnect -c LS <-CalShort Filename> <-TDR | TDT Filename> [-Z0
Value]l [-Outfile Filename]

Table 12-7: L self command parameters

Command Required/

parameter Optional Description

-CalShort Required Specifies the name of the file that contains the calibration
Short (or reference) in IConnect time-domain *.wfm format.

-TDR Required Specifies the name of the file that contains the TDR
waveform, in IConnect time-domain *.wfm format.

-TDT Required Specifies the name of the file that contains the TDT waveform,
in IConnect time-domain *.wfm format.

-20 Optional Specifies the characteristic impedance in Ohms.
The default value is 50.

-OutFile Optional Specifies the name of the output L-self file, in IConnect *.wfm

format.

If a file name is not specified, the name Lself.wfm is used.

C mutual Syntax  IConnect -c (M <—CalOpen F7lename> <-BkGnd F7lename> <-TDR | TDT
Filename> [-10 Value] [-Outfile F7lename]

Table 12-8: C mutual command parameters

Command Required/

parameter Optional Description

-CalOpen Required Specifies the name of the file that contains the calibration
Open (or reference) in IConnect time-domain *.wfm format.

-BkGnd Required Specifies the name of the file that contains the background
waveform in IConnect time-domain *.wfm format.

-TDR Required Specifies the name of the file that contains the TDR
waveform, in IConnect time-domain *.wfm format.

-TDT Required Specifies the name of the file that contains the TDT waveform,
in IConnect time-domain *.wfm format.

-20 Optional Specifies the characteristic impedance in Ohms.
The default value is 50.

-OutFile Optional Specifies the name of the output C-mutual file, in IConnect

* wfm format.

If a file name is not specified, the name Cmutual.wfm is used.
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L mutual Syntax

IConnect —c LM <-CalShort Filename> <-BkGnd Filename> <-TDR | TDT
Filename> [-10 Value] [-Outfile F7lename]

Table 12-9: L mutual command parameters

Command Required/

parameter Optional Description

-CalShort Required Specifies the name of the file that contains the calibration
Short (or reference) in IConnect time-domain *.wfm format.

-BkGnd Required Specifies the name of the file that contains the background
waveform in IConnect time-domain *.wfm format.

-TDR Required Specifies the name of the file that contains the TDR
waveform, in IConnect time-domain *.wfm format.

-TDT Required Specifies the name of the file that contains the TDT waveform,
in IConnect time-domain *.wfm format.

-0 Optional Specifies the characteristic impedance in Ohms.
The default value is 50.

-OutFile Optional Specifies the name of the output L-mutual file, in IConnect
* wim format.
If a file name is not specified, the name Lmutual.wfm is used.

Example CLI Statements

S-Parameter Examples

12-10

Following are example command line statements to compute S-Parameter
responses. Each statement is followed with an explanation of the command and
its results.

Example 1

IConnect -c Spar -cal 0 —CalOpen open.wfm —-TDR tdr44.wfm
—outfile S44 —-df 10e6 —fmax 10e9

This command line computes the S-Parameter response using open.wfm as the
reference and tdr44.wfm as the DUT. The output consists of samples from 0 Hz
to 10 GHz, sampled at 10 MHz intervals.

If the computation succeeds, the resulting S-Parameter file is written to
S44.wfm, and IConnect exits with status zero.

If the computation fails, no S-Parameter file is written, no error messages are
written to a log file, and IConnect exits with a non-zero exit status.
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Example 2

IConnect -c Spar -cal T —CalThru thru.wfm -TDT tdt23.wfm
—outfile S23 —-df 10e6 —fmax 10e9

This command line computes the S-Parameter response using thru.wfm as the
reference and tdt23.wfm as the DUT. The output consists of samples from 0 Hz
to 10 GHz, sampled at 10 MHz intervals. If the computation succeeds, the
resulting S-Parameter file is written to S23.wfm, and IConnect exits with status
zero. If the computation fails, no S-Parameter file is written, no error messages
are written to a log file, and IConnect exits with a non-zero exit status.

Example 3

IConnect -c Spar -cal S —calShortl short.wfm —TDR11 tdrll.wfm
—-df 10e6 —-fmax 10e9 -LoglLevel 0

This command line computes the S-Parameter response using short.wfm as the
reference and tdrl1l.wfm as the DUT. The output consists of samples from 0 Hz
to 10 GHz, sampled at 10 MHz intervals. If the computation succeeds, the
resulting S-Parameter file is written to s11.wfm, and IConnect exits with status
zero. If the computation fails, no S-Parameter file is written, no error messages
are written to a log file, and IConnect exits with a non-zero exit status.

Example 4

IConnect -c Spar -cal OL -npE 2 -calOpenl openl.wfm -calloadl
Loadl.wfm —-TDR11 tdrll.wfm -TDT21 tdt2l.wfm -calOpen2
open2.wfm —callLoad?2 Load2.wfm -TDT12 tdtl2.wfm -TDR22
tdr22.wfm -df 10e6 —-fmax 10e9 -LogFile error.log -loglevel 1

This command line computes the S-Parameter response using openl.wfm as the
reference, Loadl.wfm as the Load, and tdr11.wfm and tdt21.wfm as the DUT, all
for port 1. Open2.wfm, Load2.wfm, tdr22, and tdt12 are the corresponding
waveforms for port 2. The output should consist of samples from 0 Hz to

10 GHz, sampled at 10 MHz intervals.

If the computation succeeds, the resulting S-Parameter files are written to
s1l.wfm, s21.wfm, s12.wfm, and s22.wfm, and then IConnect exits with status
ZEero.

If the computation fails, no S-Parameter file is written, error messages are
written to the file error.log, and IConnect exits with a non-zero exit status.
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Touchstone Examples
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NOTE. A Thru calibration waveform is preferred for calculating S-Parameters
using a TDT waveform; however, using an Open waveform with 50 Q calibra-
tion can achieve the same level of accuracy.

Following are example command line statements to perform Touchstone
conversions. Each statement is followed with an explanation of the command
and its results.

Example 1

IConnect -c Tstone -loglevel 1 —npE 2 -ct SE -S11 sll.wfm
-S21 s21.wfm -S12 s21.wfm -S22 s22.sfm —outfile test2.s2p

This command line converts [Connect frequency domain waveform files to a two
port Touchstone file using single ended notation.

If the conversion succeeds, the resulting Touchstone output is saved to the file
test2.s2p, and IConnect exits with status zero.

If the conversion fails, no Touchstone file is saved, error messages are written to
the file IConnect.log, and IConnect exits with a non-zero exit status.

Example 2

IConnect -c Tstone -loglevel 1 —npE 4 —-ct Diff —outfile
Diff.s4p -Sdd11l sl.wfm -Sdd21 s2.wfm -Scdll s3.wfm —Scd?1
sd.wfm -Sdd12 s5.wfm -Sdd22 s6.wfm -Scd12 s7.wfm -Scd22
s8.wfm -Sdcll s9.wfm -Sdc?21 s10.wfm —Sccll sl1ll.wfm —Scc21
s12.wfm -Sdcl2 s13.wfm -Sdc22 sl4.wfm —-Sccl?2 s15.wfm —Scc2?2
s16.wfm

This command line converts [Connect frequency domain waveform files to a
four port Touchstone file using differential notation.

If the conversion succeeds, the resulting Touchstone output is saved to the file
Dift.s4p, and IConnect exits with status zero. A comment is also placed in the
Touchstone file indicating it is a differential network.

If the conversion fails, no Touchstone file is saved, error messages are written to
the file IConnect.log, and IConnect exits with a non-zero exit status.
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Z-line Examples  Following are example command line statements to perform Z-line calculations.
Each statement is followed with an explanation of the command and its results.

Example 1

IConnect.exe —c zline —cal 0 —calopen open.wfm —tdr tdrll.wfm
-z0 75 —thd 35 -outfile Impedance.wfm —loglevel 1

This command line calculates the impedance for open.wfm and tdr11.wfm using
a Zo of 75 € and threshold of 35%. The resulting waveform is saved as
Impedance.wim.

If an error is encountered, the error is written to IConnect.log.

Example 2

IConnect.exe —c zline —-cal OL —calopen open.wfm —calload
load.wfm —tdr tdrll.wfm —thd 40 -loglevel 1

This command line calculates the impedance for open.wfm and tdr11l.wfm with
load calibration using a default Zo of 50 €2 and a threshold of 40%. The resulting
waveform is saved as Zline_tdr1l.wfm.

If an error is encountered, the error is written to IConnect.log.

Filter Examples  Following are example command line statements to perform filter calculations.
Each statement is followed with an explanation of the command and its results.

Example 1

IConnect.exe —c filter —-wfm tdrll.wfm -Trise 35e-12 -outfile
filter.wfm -Toglevel 1

This command line performs the filter calculation on tdrll.wfm using a risetime
of 35 ps and writes the resulting waveform to filter.wfm.

If an error is encountered, the error is written to IConnect.log.

Example 2

IConnect.exe —c filter —-wfm tdrll.wfm -Trise 20e-12
-loglevel 1

This command line performs the filter calculation on tdrll.wfm using a risetime
of 20 ps and writes the resulting waveform to ”tdr11 (20ps).wfm”.

If an error is encountered, the error is written to IConnect.log.
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C Self Example

L Self Example

C Mutual Example

L Mutual Example

Error Reporting

12-14

The following example command line statement computes C self, followed with
an explanation of the command and its results.

IConnect.exe —c CS -CalOpen open.wfm —-TDR dut.wfm -z0 100

This command line computes C self for dut.wfm using the open reference
waveform open.wfm and a characteristic impedance of 100 €.

If the computation succeeds, the resulting waveform is written to Cself.wfm.

The following example command line statement computes L self, followed with
an explanation of the command and its results.

IConnect —-c LS -CalShort short.wfm —-TDR dut.wfm -output
test.wfm —Toglevel 1

This command line computes L self for dut.wfm using the short reference
waveform short.wfm and a characteristic impedance of 50 €2.

If the computation succeeds, the resulting waveform is written to test.wfm.

The following example command line statement computes C mutual, followed
with an explanation of the command and its results.

IConnect -c CM —CalOpen open.wfm —-bkgnd background.wfm -TDR
dut.wfm

This command line computes C mutual for dut.wfm using the background
waveform bkgnd.wfm and a characteristic impedance of 50 €.

If the computation succeeds, the resulting waveform is written to Cmutual.wfm.

The following example command line statement computes L mutual, followed
with an explanation of the command and its results.

IConnect -c LM —CalShort short.wfm —-bkgnd background.wfm —-TDR
dut.wfm -z0 75 -output test mut.wfm

This command line computes L mutual for dut.wfm using the background
waveform bkgnd.wfm and a characteristic impedance of 75 .

If the computation succeeds, the resulting waveform is written to test_mut.wfm.

When an operation succeeds with no errors, [Connect exits with a status code of
zero. A status other than zero indicates a failure. The following table lists the
status codes and the probable cause of the error.
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Table 12-10: Error codes

Code Code description

0 The command completed successfully

1 Invalid argument

2 Command not found

3 Invalid command

4 dF not found

5 Invalid dF

6 Fmax not found

7 Invalid Fmax

8 Invalid number of arguments

9 Frequency domain conversion failed

10 Unable to compute the transfer function

l Unable to save the resulting waveform

12 No reference waveform specitied for port
13 Too many references specified for port

14 Unable to load reference waveform file

15 Unable to load Load waveform file

16 Unable to load DUT waveform file

17 Waveforms are not compatible

18 Load calibration failed

19 Reference and Load waveforms are the same
20 No calibration type specified

21 Invalid calibration type

22 Calibration type does not match waveforms specitied
23 Message box suppressed (see log file for more detail)
24 Failed to access log file

25 No DUT waveform specified for port

26 Invalid number of excitation ports

27 Reserved

28 Must specify the number of excitation ports
29 Not enough memory for operation

30 Unable to load the waveform
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Table 12-10: Error codes (cont.)

Code Code description

31 Unable to perform the filter computation

32 No waveform was specified

33 No rise time was specified

34 An invalid rise time was specified

35 No Z specitied

36 An invalid Zg was specified

37 No threshold was specified

38 An invalid threshold was specified

39 Unable to perform the impedance computation
40 An invalid plot was specified

al Unable to perform the S-parameter computation
42 Unable to perform the L-self computation

43 Unable to perform the L-mutual computation

44 Unable to perform the C-self computation

45 Unable to perform the C-mutual computation
46 No background waveform was specified

47 Unable to load the background waveform

48 An invalid configuration type was specified

49 Unable to convert to Touchstone

50 A background waveform is not used for this command
51 Thru calibration is not used for this command
52 Insertion Loss is not valid for this command

53 The help file could not be found

54 A frequency domain waveform is not valid for this command
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ErrorLog  If error logging is turned on by specifying —1oglevel 1, each time an error is
encountered, [Connect adds the error message to the file IConnect.log. If the file
does not exist, IConnect creates the file. The file is placed in the same directory
as the IConnect executable (C:Program Files\TekApplications\IConnect\Program
Files).

After the first initial creation of the file, IConnect continues to append log errors
to the file. To start a fresh log file, you can simply delete the IConnect.log file.
Using the command line parameter —1ogfile, you can specify a different file to
log errors.

Troubleshooting Tips

Here are some tips to help create working CLI commands:

Make sure that either the IConnect executable is in your path or that you are
calling it with a fully qualified path.

Start with the example waveforms and command line parameters to make
sure everything is working. Once that is working, use your own input data
and return to the example data for comparison if there are problems.

It may take a few tries to get the format of the input files correct. The best
way to tell is to first try loading them into IConnect via the (GUI) graphical
user interface. If there are problems using the GUI, you’ll be able to obtain
useful feedback to help identity the problem.

It’s possible to give IConnect a sampling scheme that cannot be supported by
the data for a variety of reasons. Ensure that the computation succeeds in the
IConnect GUI, If it does, it should succeed from the command line. If it fails
from the GUI, you’ll be able to obtain useful feedback to identify the
problem.

The IConnect GUI sets the working directory to the directory last in use
when the IConnect GUI was last closed. The CLI does not; it uses the
directory of the shell from which IConnect was called.
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Appendix A: Troubleshooting

Overview

Installation problems

If you encounter difficulties while using IConnect and MeasureXtractor, the
topics below may help you quickly find a solution. If you are unable to find the
help you need, please do not hesitate to contact Tektronix. You may also visit the
Tektronix Web site and read our FAQ list.

If there are additional topics or issues you would like to see addressed in this
section, please let us know.

Installation doesn’t start automatically. If the setup program does not automatical-
ly start when you place the IConnect installation CD in the CD reader, you may
have to go to explorer, go into the CD, and double click on Setup.exe.

Sentinel hardware key not recognized or will not install. If you encounter problems
with the installation of the Sentinel hardware key or its drivers, contact Tektronix
for further assistance. Occasional incompatibilities have been experienced with
certain hardware configurations.

Problems Viewing On-line Documentation

Unable to view HTML Help. If you are running Windows 95 or NT4.0 with Internet
Explorer 3.0 or earlier, you should check to see if the file IConnect.chm exists in
the Help directory.

NOTE. If you chose the default installation options, the directory will likely be
C:\Program Files\Tekapplications.

If you cannot find the file [Connect.chm, then you should manually install the
HTML Help Viewer as follows:

1. Using Windows Explorer or a similar application, go to the directory in
which you installed IConnect. If you chose the default installation options,
the directory will likely be C:\Program Files\Tekapplications.

2. From there, choose the directory IConnect\Help.
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3. Double-click on the Microsoft applet file hhupd.exe, which stands for
“HTML Help Update”

4. Answer yes to the first dialog, and HTML Help will be updated.

NOTE. Microsoft states that this installation step is not necessary if you are
running Windows 98, ME, 2000, or XP.

Unable to View IConnect PDF Manual. If you are unable to view the [Connect PDF
Manual, then you need to install Adobe Acrobat Reader 4.0 or later. Download
and install the latest version of Adobe Acrobat Reader from the Adobe Web site,
www.adobe.com.

GPIB Card not recognized

Verity that your card is from National Instruments. IConnect only supports the
use of National Instruments GPIB cards.

Ensure that your GPIB card is seated and that the drivers have been correctly
installed. It may be helpful to download the most recent version of your drivers.

In some situations it may be necessary to resolve hardware conflicts over
interrupt lines or I/O mapping. The GPIB drivers are typically configured via an
applet in the control panel.

Tektronix is happy to help with issues that arise during GPIB installation.
However, it may be necessary on occasion to refer you to National Instruments
customer support.

Oscilloscope connection will not work

A-2

If you are experiencing difficulty connecting your oscilloscope, the following
steps may be helpful.

Ensure that your GPIB interface is correctly installed, and that it passes the
manufacturer’s diagnostic test.

It may be necessary to reset the scope GPIB address, or reconfigure IConnect to
communicate using the current scope address.

If your scope is in local lockout mode, IConnect will not be able to communicate
with it.
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Simulation

Simulator not seen or simulation will not launch. If your simulation fails to launch,
it may be necessary to reconfigure IConnect to inform it of the location of your
simulator executable. This may be done via the Tools/Options... menu item.

If your simulation launches and either your simulator reports an error or
IConnect is unable to read in the results of your simulation, refer to Simulation
errors encountered below.

Simulation errors encountered. IConnect implements numerous checks to ensure
the veracity of your models and simulation setup prior to invocation of the
simulator. However, due to differences between simulators and other external
factors, it may be necessary at times to troubleshoot a failed simulation.

View the output listing. The first step in troubleshooting a simulation is to
choose the Simulate/View Output File menu item, which brings up the SPICE
output listing in a text editor. (Or you may conveniently right click on the
composite model in question and choose View Output File.) Scan this output
listing for errors. If the error messages are difficult to understand, it might be
helpful to consult your simulator documentation. Although Tektronix cannot
guarantee that we can resolve problems occurring with simulations, in most
cases we can, and are happy to assist you if necessary.

Common simulation errors. It should be noted that the most common error in a
simulation involves the simulator not being able to locate a model file which was
to be included in the simulation. Often this occurs because either the included
file or the including file has been moved since the last time the simulation was
run. It may be necessary to locate the file and copy it back to the proper directory
before running the simulation. For this reason it is not advised to move
submodel files or composite model files with respect to each other.

It is also possible to introduce simulation errors by directly editing the SPICE
netlist. Although users are not discouraged from editing the netlists by hand, it
should be done with caution by someone familiar with SPICE simulation, and
only after saving a copy of the file as a backup.

Another common error is trying to submit a composite model for HSpice
simulation that has spaces in its name. The HSpice command line parser does
not handle filenames with spaces.
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Please let us know! If any other simulation errors occur, please report them to
Tektronix. It is our intent that [Connect trap the majority of such errors before
submitting the simulation job to the simulator.

Printing

Print Preview looks poor. Print preview will not operate properly unless you have
a printer driver installed on your computer.
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The following reference documents can be found at the Tektronix Web site by
going to

http://www.tek.com/products/oscilloscopes/sampling/interconnect_analysis/in-
dex.html

and clicking on Technical Information under Product Resources.

Application Notes. Modeling of Infiniband Cable Assembly from Measurements.
Appnote analyzing an effective approach of InfiniBand cable assembly modeling

from measurements.

Effects of Measurement Fixtures of S-Parameters Compliance Testing of
Infiniband Cable Assemblies. TDNA is the most cost-effective and fast way to
de-embed fixture effects and perform compliance testing for standards such as
PCI-Xpress, Serial ATA, Infiniband, and Gigabit Ethernet.

Modeling of Gigabit Backplanes from Measurements. A detailed procedural
document on Signal Integrity modeling and analysis of gigabit backplanes.

Electronic Package Fault Isolation Using TDR. A comprehensive appnote on
package FA and fault isolation. To be published in 5th Edition of EDFAS

Microelectronic Failure Analysis Desk Reference.

TDR and VNA Measurement Primer. A quick overview of the basics of TDR
and VNA measurements and a comparison between the two.

A Hybrid Measurement and Field Solver Approach for the Design of High-Per-
formance SMA Transitions. A verifiable design methodology that enables

leading edge performance from off-the-shelf components.

Cost-efficient Cable Assembly Compliance Testing and Modeling. Save money
by using a single instrument for all your cable assembly compliance testing and
modeling needs.

Using Measure-Based Modeling to Analyze Backplane Deterministic Jitter.
Understand and separate the contribution of different deterministic jitter

components.

Complete Methodology for Signal Integrity Analysis of Gigabit Interconnects. A
short overview of measurement-based signal integrity analysis methodology. A

re-print of our article in the December 8 issue of Electronic Engineering Times.

Simple Approach to Modeling of Power Delivery Networks and Components.
The TDR/T approach for PDN analysis which produces models which will
accurately represent the PDN behavior in both time and frequency domains.
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Lossy Line Simulation and Analysis. A comprehensive discussion about the
different methods for evaluation of lossy transmission line signal integrity effects
in simulation.

Signal Integrity Modeling of Gigabit Backplanes, Cables and Connectors Using
TDR. A complete TDR-based methodology for gigabit interconnect signal

integrity analysis.

Measurement of Input and Output Die Capacitance for M-LVDS and Other

Signal Standards. Use this technique to measure your Cin and Cout for
M-LVDS, PCI Express, Infiniband, Rapid 10, HyperTransport, Gigabit Ethernet
and other standards.

TDR Test Primer. A detailed introduction to TDR measurements and analysis.
Published in Printed Circuit Design Magazine, April 2002.

Choosing Signal Integrity Measurement Tools: Time or Frequency Domain?
Presented at DesignCon2002, Paper HP-7.

Signal Trace and Power Plane Shorts Fault Isolation Using TDR. Presented at
International Symposium for Testing and Failure Analysis 2001.

Practical Characterization of Lossy Transmission Lines Using TDR. Based on
presentation at DesignCon 2001.

SCSI Connector and Cable Modeling from TDR Measurements. SCSI Signal
Modeling Study Group presentation.

TDR Techniques for Characterization and Modeling of Electronic Packaging.
Comprehensive application note of package modeling techniques. Published at

HDI Magazine in March and April 2001 in two parts.

Use TDR and Frequency Domain Analysis to Ensure Signal Integrity in
Microprocessor Motherboards and Memory Modules. Reprint of our article in

March 2001 issue of Printed Circuit Design Magazine.

Improved Method for Characterizing and Modeling Gigabit Flex-Circuit Based
Interconnects. Presented at DesignCon 2001.

Disk Drive Flexible Interconnect Characterization Using TDR. Reprint of our
article in June 2000 issue of Electronic Design News Magazine.

Characterization of Differential Interconnect from TDR Measurements. Reprint
of our article in March 2000 issue of Microwave Journal.

Electronic Package Measurements and Failure Analysis Using TDR. Presented
at International Symposium for Testing and Failure Analysis 2000

PCB Interconnect Characterization from TDR Measurements. Reprint of our
article from the May 1999 issue of Printed Circuit Design Magazine.
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Technical Briefs. S-parameters. Insertion, and Return [Loss Measurements Using
TDR Oscilloscope. Discussion about what single ended and differential
S-parameters are and how to properly measure them. Also, download our
S-parameter Measurement Quick Tour.

Eye Diagram Measurements Using TDR Oscilloscope Transmission Data. The
easiest way to obtain information about eye diagram degradation due to

interconnect performance at 10Gbit and beyond.

Computing Self and Mutual Capacitance and Inductance Using Even and Odd
Mode TDR Measurements. A novel technique for computing self and mutual

inductance and capacitance based on differential and common mode TDR
measurements

Remotely Launching Unix Spice from within IConnect. This technical brief
discusses interfacing from IConnect to HSpice via network for model validation

Presentations. You will find that some material in these presentations overlap;
we recommend that you download one or two that best suit your application.

Time Domain Network Analysis: Getting S-parameters from TDR/T Measure-
ments. Presented at the Infiniband PlugFest, August 2004

Cost-Efficient Cable Assembly Compliance Testing and Modeling for Serial
ATA and PCI Xpress. Presented at Intel Technology Symposium | IDF.

Electrical Characterization of Serial ATA Interconnection at Gigabit Speeds by
Michael Cheong, Molex, and Dima Smolyansky, TDA. Both Serial ATA

specification testing and Molex cable assembly modeling are discussed.

Lossy Line Characterization and Modeling for SPICE and IBIS. IBIS Summit
Presentation, January 28, 2002.

High-Speed Interconnect Measurements and Modeling Using TDR. Presented at
DesignCon2002, TecForum HP-TF5.

FibreChannel Interconnect Signal Integrity Measurement and Modeling
Methodologies. Presented at FibreChannel T11 Modeling Committee meeting,

June 6, 2001.

IC Package Measurements, Modeling and Failure Analysis Using TDR.
Presented at Sematech Assembly Analytical Forum in Chandler, AZ, January 20,

2000.

High-Speed Digital Interconnect Modeling Using TDR. DesignCon2000
presentation, Santa Clara, CA, February 2, 2000.

SCSI Connector and Cable Modeling from TDR Measurements. SCSI Signal
Modeling Study Group presentation.
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Connector model Extraction Based on Differential TDR. Presentation on
connector and differential line modeling at EIA IBIS Summit Meeting, Marlbo-
rough, MA, October 14, 1999. It can also be downloaded from http://www.e-
da.org/pub/ibis/summits/oct99/corey.zip.

Direct Rambus Signal Integrity Measurements. Presented at Hewlett Packard
Users Group Meeting, San Diego, CA, June 1999.

Quick Guides. TDR Interconnect Modeling Quick Guide. A basic guide to
interconnect modeling from TDR measurements. Understand the TDR measure-
ments and select the right circuit topology for the device under test.

Interconnect Probing Quick Guide. If you are new to interconnect measurements,
review this guide to find out about the basics of interconnect probe and probing
system selection. Determine whether probing or fixturing (or both) is the right
approach to your interconnect device characterization.

Also See. TDR Measurement and Modeling FAQ page. Questions and answers
about TDR, VNA and IConnect® measurement and modeling methodology. If
you can’t find an answer to your question, submit it to
iconnect-support@tek.com.
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Numbers
50 Ohm Cal (opt) button (EZ Z-Line viewer), 8-3

A

Accuracy, 6-1

Acquire DUT button (EZ Z-Line viewer), 8-3

Acquisition, 4-6

long record length, 4-8

Acquisition window, 4-7

Adjust a waveform to position (EZ Z-Line viewer),
8-12

Adjusting for instrument drift (EZ Z-Line viewer),
8-11

Align two DUT waveforms (EZ Z-Line viewer), 8-12

C

C mutual, syntax, 12-9
C self, syntax, 12-8
Calibration

S-Parameters, 2-34, 9-10

Z-line, 9-6
Capacitance

computation, 9-11

mutual, 9-16

self, 9-14
CLI. See Command line interface
Color, waveform viewer, setting, 11-5
Command line interface, 12-1

conventions, 12-1

error reporting, 12-14

examples, 12-10

formats, 12-2

limitations, 12-3

syntax, 12-3

troubleshooting tips, 12-17
Comment button (EZ Z-Line viewer), 8-3
Composite model, 5-49

creating, 5-49
Computation options, 11-2
Computation window, 9-2
Configuring IConnect for measurement, 4-3
Configuring your E-mail client , 10-3
Create a Golden Setup file, 8-4
Crosstalk

discussion, 5-7

in eye diagram, 5-64
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CSv

import/export, 7-9, 7-15

supported formats, 7-17
Cursor readouts (EZ Z-Line viewer), 8-2
Cursors, 7-11

D

Data-driven models, 2-73, 5-36
Dielectric constant, setting, 11-6
Differential lines, 5-14
Distance
plotting against, 7-3
setting display units, 11-6
Do not use 50 Ohm Cal check box (EZ Z-Line viewer),
8-3
DUT waveform alignment (EZ Z-Line viewer), 8-12

E

E-mail
options, 11-1
utilities, 10-2
Enhancements
version 3.6, 1-11
version 4.0, 1-10
Epsilon, setting, 11-6
Error log, 12-17
Error reporting, 12-14
Even mode, 5-14
Examples, CLI statements, 12-10
Excel, import/export, 7-15
Exporting data, 7-15
Eye diagram, 2-15, 5-58
analysis, 5-66
computation, 5-59
crosstalk, 5-64
mask testing, 5-69
measurements, 5-66
options, 2-22, 5-60
zooming, 2-23, 5-67
EZ Z-Line viewer
50 Ohm Cal (opt) button, 8-3
Acquire DUT button, 8-3
adjust a waveform to position, 8-12
adjusting for instrument drift, 8-11
Comment button, 8-3
create a Golden Setup file, 8-4
cursor readouts, 8-2
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Do not use 50 Ohm Cal check box, 8-3 H

DUT waveform alignment, 8-12

Golden Setup button, 8-3 Hardware key, troubleshooting, A-1
Golden Setup file contents, 8-4 Help button (EZ Z-Line viewer), 8-3
Help button, 8-3 HSpice, 2-67, 11-4

load a Golden Setup file, 8-8 simulation error, A-3

Reference button, 8-3 custom simulation commands, 6-3
taking Z-Line measurements, 8-8, 8-10

TDR/T tab, 8-2

Threshold check box, 8-3 I

user interface elements, 8-2
waveform list, 8-3
waveform readouts, 8-2
Z-Line tab, 8-2

70 check box, 8-3

IBIS, 2-39
Impedance calculation (EZ Z-Line Viewer), 8-1
Impedance, setting maximum in display, 11-6
Impedance profile, 2-6, 9-4
Importing data, 7-15

troubleshooting, 7-18

F Inductance
computation, 9-11
Failure Analysis, 2-7 self, 9-13
Filter, syntax, 12-8 Input step, 5-3
Filtering waveforms, 9-3 Insertion loss, 2-27
Flip waveform, 9-16 Installation , troubleshooting, A-1
Frequency, setting maximum in display, 7-5, 11-6 Installation notes, 1-5
Frequency content, 2-33 Instrument drift adjustment (EZ Z-Line viewer), 8-11
Instrument selection, 4-7
G Instrument settings, restoring, 4-10
General options, 11-1 J
Golden Setup button (EZ Z-Line viewer), 8-3
Golden Setup file (EZ Z-Line viewer) JEDEC, 2-39
contents, 8-4 Jitter, 2-26
create, 8-4 measurement, 2-21, 2-24
definition, 8-4
loading, 8-8
save, 8-4 K
G PtIa]lgqng Z-Line measurements, 8-8 Keyboard shortcuts, 1-8
installation, 4-1
troubleshooting, A-2 L
GPIB Commands, sending to instrument, 4-11
Grid L mutual, syntax, 12-10
controlling visibility, 11-6 L self, syntax, 12-9
setting colors and linewidths, 11-6 Labels, 7-12, 7-14

default properties, 11-6
Linear simulator, 6-4
Linear simulator, 5-43
Loading a Golden Setup file, 8-8
Long record length, 4-8
Lossy Line model, 2-60
Lumped Coupled model, 5-7
Lumped model, 5-5
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Mask testing, 2-24
Measurement, 4-1
overview, 4-1
tips, 4-11
MeasureXtractor, 2-73, 5-36, 5-43, 5-45
Model, extraction, 5-1
Model extraction tips, 5-2
Models, 5-1
Mutual inductance computation, 9-15

0]

Odd mode, 5-14
Oscilloscope connection, troubleshooting, A-2
Oscilloscope setup, 4-3

P

Partition window, 5-71
Partitions

creating, 5-72

deleting, 5-73

selecting, 5-73
Passive Equalizer model, 5-6
Plotting

vs. distance, 7-3

vs. time, 7-3
Print preview, troubleshooting, A-4
PSpice, 1-3, 6-1

custom simulation commands, 6-3
PWL Source model, 5-3

R

Reference (EZ Z-Line viewer), taking Z-Line
measurements, 8-10
Reference button (EZ Z-Line viewer), 8-3
References, B-1
Restoring instrument settings, 4-10
Return loss, 2-27
Risetime
coupled lines model discussion, 2-54
lossy line model discussion, 2-16, 2-25
setting filter default, 11-2
setting for an eye diagram, 2-22
setting for filter, 2-60
single line model discussion, 2-54
touchstone import, 5-39

IConnect® and MeasureXtractor™ 4.0 User Manual

S

S(f) tab, 2-36
S-Parameter syntax, syntax, 12-3
S-Parameters, computation, 2-27, 2-32
Saving instrument settings, 4-10
Scale, setting manually, 7-11
Screen capture, 10-1
Sending data by E-mail, 10-3
Sending instrument commands, 4-11
Shortcuts, keyboard and mouse, 1-8
Simulation, 5-53
controlling error, 11-4
running manually, 11-4
troubleshooting, A-3
viewing output listing, 5-57
Simulation options, 6-2, 11-3
Simulator
configuring IConnect, 6-2
specifying command-line syntax, 11-4
specifying executable, 11-4
specifying subcircuit handling, 11-4
Simulator, linear, 5-43
Single Line model, 2-48
Single line model, 5-9
Spectrum, step-like computation, 9-6
SPICE
controlling error, 11-4
using only integer nodes, 11-4
Step amplitude, setting the default, 11-3
step spectrum computation, 9-6
Symmetric Coupled Lines model, 2-48, 5-14
Syntax, 12-3
C mutual, 12-9
C self, 12-8
filter, 12-8
L mutual, 12-10
L self, 12-9
S-Parameter, 12-3
Touchstone, 12-5
Z-Line, 12-6

T

Taking Z-Line measurements, 8-8, 8-10
TDR/T tab (EZ Z-Line viewer), 8-2
TDS/CSA8000 and TDS/CSA8200
oscilloscope setup, 4-3
running locally, 4-2
Termination model, 5-48
Threshold check box (EZ Z-Line viewer), 8-3
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Time, plotting against, 7-3
Touchstone
import/export, 7-19
importing, 2-74, 2-83
syntax, 12-5
Troubleshooting, A-1
Troubleshooting tips, CLI, 12-17

vV

Verification, 6-1

tips, 6-6

with multiple simulators, 6-5
Virtual scope, configuring, 4-4
Voltage ramp, 5-3
Voltage step, 5-3

w

Waveform file filter example, 4-5

Waveform list (EZ Z-Line viewer), 8-3
Waveform readouts (EZ Z-Line viewer), 8-2

Waveform viewer, using, 7-1
Waveform viewer options, 11-5
Waveforms
context menu, 7-7
controlling visibility, 7-11
deleting, 7-11
filtering, 9-3
flipping, 9-16

integration and differentiation, 9-18

loading and saving , 7-8
math operators, 9-17
moving, 7-10
offsetting, 9-17
saving with a comment, 7-12
scaling, 9-17
selecting, 7-6
setting color, 7-12
setting properties, 7-12
zooming, 7-11

Waveforms computations, 9-1
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Z

Z-Line
computation, 9-4
EZ Z-Line Viewer, 8-1
syntax, 12-6
Z-Line tab (EZ Z-Line viewer), 8-2
70, setting the default, 11-2
Z0 check box (EZ Z-Line viewer), 8-3
Zooming, 7-11
in eye diagram, 2-23, 5-67
in partition-based model window, 5-73
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