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Chapter 1 Getting Started
In this Chapter

In this Chapter

This chapter describes the HP E1747A Timing Pattern Analysis software
and its application for analyzing measurement data.

The following items are provided in this chapter:

= How to Get Started

= Timing Pattern Analysis Setup

= Viewing the Pattern Analysis Results

< How Code Spacings Are Determined

= Pattern Analysis Results

< How the Wildcard Can Affect Pattern Analysis
= A Getting Started Procedure
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HP E1747A Timing Pattern Analysis Software Overview

HP E1747A Timing Pattern Analysis
Software Overview

The HP E1747A Timing Pattern Analysis software is a tool that provides
the ability to search through a series of consecutive time interval
measurements for a timing pattern that you specify. Once the timing
pattern has been matched, this new data subset can be viewed and
analyzed in any of the HP E1725C/E1741A Time Interval Analyzer’s
display windows. The results can help you determine if pattern-dependent
effects are influencing the data readback process and ultimately the
performance of the media under test.

As an example, suppose you have found that by examining the resulting
histograms of random RLL (1,7) pattern, the 2T code spacing is limiting
timing margin. The Timing Pattern Analysis software allows you to
determine not only the 2T interval, but the specific combination of
intervals preceding and following the 2T interval that cause the worst
case effect. In addition, this capability lets you “deconvolve” overlapping
distributions into reasonably Gaussian separate distributions. This
removes the limitation of having to analyze these distributions in
aggregate only.
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How to Get Started

NOTE

How to Get Started

Before you can use the Timing Pattern Analysis software, you need to
have installed the HP E1725C/E1741A Time Interval Analyzer (T1A)
software on your computer and be familiar with its operation. It is
especially important for you to know how to execute a data acquisition and
interpret the measurement results on the various display windows. See
the HP E1725C/E1741A Time Interval Analyzer Getting Started Guide or
the Online Help for assistance.

Collecting the Data (for Pattern Analysis)

Before using the Timing Pattern Analysis software, you need to first
acquire a series of sequential time intervals. To do this, perform these
common tasks (described in detail in the Online Help).

= Configuring the TIA

= Controlling the Measurement

= Defining the Segments

= Setting the Clock

When making choices on the TIA Setup window, be sure to set the Record

mode to sequential and the pacing to every edge (or every Nth edge)
and verify that the measurement rate is not greater than 80 MHz.

Recommendation

You should begin with a relatively short sequential record (a few thousand
measurements) to avoid the long processing time that is required for large
records.
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Timing Pattern Analysis Setup

The Pattern Analysis dialog box is used to setup the Timing Pattern
Analysis software. This dialog box is accessed with the Pattern>Pattern
analysis ... menu selection.

w= Pattern Analysizs _ [}

¥ Pattern Analysis Enabled Close
[ . Help
Sort Pattern (T spacings)
[3.4R,5
Apply Sort Undo Sort Entry
Sort _ _
Patterm 1 i i wildcard begin OR
4 5 1 separator OR
T | ] 9 don't care end OR
0 result locator |
Error _E
Meszsages —
VYersus-Time Matching
- find prior | find match | find next |
Time: — g
Matching I:I
|| ™ find match on update

Figure 1-1. Pattern Analysis Dialog Box
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Timing Pattern Analysis Setup

This dialog box is divided into three areas:

= Sort Pattern (T spacings) contains the controls for creating a sort
pattern.

= Error Messages[] displays error messages related to pattern analysis.

= Versus-Time MatchingO contains the controls for viewing pattern
matches.

Sort Pattern (T spacings)

You define a timing pattern (sort pattern) on this part of the Pattern
Analysis dialog box. A timing pattern is based on code spacings whose
characteristics are defined on the Define Segments & Clock dialog box.
Once you apply the sort pattern to the collected data, the Timing Pattern
analysis software searches through the acquisition to find pattern
matches. The result is a subset of data that matches the pattern that you
specified.

A sort pattern allows you to filter any particular data pattern from the
overall acquisition and study how that specific pattern is affecting the
performance of your device under test.

The sort pattern is of the form (<expression1l>, <expression2>, ...) where
each expression identifies an interval (or “T” spacing) that is matched in
that string position.
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Timing Pattern Analysis Setup

Creating the Sort Pattern

The controls at the top of the Pattern Analysis dialog box are used to
enter a sort pattern. The following table summarizes the function of each

control.

Table 1-1. Sort Pattern Controls

Button or Control

Character”

Used to:

Numeric Keypad

0-9

Enter the code spacings that define the
sort pattern.

wildcard * Consider every code spacing in the
wildcard position and histogram each as a
separate distribution. Only one wildcard is
allowed in a sort pattern.

separator , Separate each sort pattern expression.

don’t care X Identify a place holder where the T
spacings in this position are not
considered.

begin OR [ Indicate the beginning of an OR
expression.

OR | Consider the T code spacings on both sides
of the OR character.

end OR ] Indicate the ending of an OR expression.

result locator R Output sorting results for this expression.

Each sort pattern must contain one result
locator.

* These symbols can also be entered using the computer’s keyboard.

To see how you could use these controls to create a sort pattern,

see chapter 2.
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Timing Pattern Analysis Setup

Error Messages

This area reports error messages for both the Sort Pattern (T spacings)

and the Versus-Time

Matches. A list of error messages and corrective

actions are located in chapter 4 of this guide.

Versus-Time Matching

This area provides the means for displaying a specific pattern match
horizontally centered on the Versus-Time display (Display>Versus-
Time). The controls in this area allow you to specify the specific pattern

match as follows:

Table 1-2. Versus-Time Matching Controls

Button or Control | Used to:

Match Position Enter the number of a sorting match to display on the
Versus-Time window.

find prior Find and display the prior sorting match from the match
entered on the Match Position box.

find match Find and display the match that is entered on the Match
Position box. Matches are shown centered on the Versus-
Time display.

find next Find and display the next match from the match entered
on the Match Position box.

find match Find and display the match on the Versus-Time window

on update when the display is updated or when you apply a different
sort pattern.

1-8
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Viewing the Pattern Analysis Results

t+ Sorted Histogram [3.4R _5) M=] 3
Min: 58.28 ns Population: 11.440 k
Max: 66.87 ns Mean: 62.3552 ns
Pk Pk: 8.59 ns Std Dev: 1.0810 ns

W

3_—2I] ps

0-49.19 ns

Left
¥ 0
X 53.88 ns

Viewing the Pattern Analysis Results

You view and analyze the Pattern Analysis results in the Histogram,
Segmented-Histogram or Window Margin displays. Figure 1-2 shows the
results of applying the sort pattern (3,4R,5) to a data acquisition in a
Histogram window.

199.88 ns
: 74.10 ns
Right Delta
0 0
69.51 ns 15.63 ns

Figure 1-2. Sorted Histogram Results

The title bar indicates that this display shows pattern analysis results.
The sort pattern is shown at the right of the title bar. The Panorama
display shows the distribution(s) just as it would for any other data
acquisition. In this example, the 4T code spacings were histogrammed due
to its association with the result locator (R) in the sort pattern.
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The 4T spacings were placed in the third segment because of the settings
specified on the Define Segments & Clock dialog box (Segment>Define
Segments & Clock). That is, the first segment center was set to twice the
clock period. As a result, any histogrammed 2T spacings would be
positioned in the first segment, the 3T spacings in the second segment and
so on.

How Code Spacings Are Determined

The Timing Pattern Analysis software automatically decodes the data
pattern that is acquired by using information provided on the Define
Segments & Clock dialog box (Segment>Define Segments & Clock).

The Clock Period and Clock Frequency entry boxes are where you
supply information about the expected clock rate. These entry boxes are
coupled in an inverse relationship and are provided so you can enter the
clock information in the mode you prefer, i.e. time or frequency.

The Timing Pattern Analysis software uses the clock information to
overlay a mathematical clock on the acquired data. From this, the process
of determining the actual data pattern is straightforward. One clock
period represents one T code spacing.
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Pattern Analysis Results

When using the Timing Pattern Analysis software, the type of result
obtained depends on the Source and Use selections on the TIA Setup
window. Suppose a sort pattern of (3,R4) is applied to an acquisition.

If Source is Input 1 only and Use is also Input 1 only, then the
displayed result is histogrammed data-to-data intervals. A 3T code
spacing followed by a 4T code spacing is matched and the 4T interval is
histogrammed. As with all pattern analysis results, you can analyze them
in the Histogram, Segmented-Histogram or Window Margin
displays. Data-to-data intervals are also histogrammed if the Source is
Input 2 only and Use is Input 2 only. The only difference is now data is
acquired on Input 2.

If the Source is Input 1 only and Use is Input 1 to Computed CLK,
the displayed result is histogrammed data to computed clock intervals.
For the example sort pattern, a 3T code spacing followed by a 4T code
spacing is matched and the interval from the initial edge of the 4T interval
to the nearest computed clock edge is histogrammed. The initial edge is
used in this case because of the location of the R in the sort pattern (3,R4).
A sort pattern of (3,4R) would result in a histogram interval of the last
edge of the 4T interval to the nearest computed clock edge. These
comments also apply if the Source is Input 2 Only and Use is Input 2 to
Computed CLK. If you have your clock at Input 2, this can be a great
way to observe how your clock is deviating from the ideal.

Finally, if the Source is Input 1 to 2 and Use is Input 1 to 2, the
displayed result is histogrammed Input 1 to 2 intervals (most likely
data-to-clock intervals). For the example sort pattern, a 3T code spacing
followed by 4T code spacing is matched and the 1 to 2 interval associated
with the initial edge of the 4T spacing is histogrammed. This is like Use
Input 1 to Computed CLK except the clock is now measured instead of
mathematically constructed. See chapter 2 for sort pattern examples of
data-to-clock matched intervals.
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How the Wildcard Can Affect Pattern
Analysis Results

When a wildcard is added to a sort pattern (with the result locator
associated with another expression), it affects how you interpret the
results. Suppose a sort pattern of (3R,*) is applied to an acquisition.

If Use on the TIA Setup window (Control>TIA Setup) is single-channel
(Input 1 only or Input 2 only), the wildcard can change the positioning
of the histogrammed result. For the example sort pattern, a 3T code
spacing followed by any code spacing is matched and the 3T interval is
histogrammed into the segment associated with the code spacing that
followed the 3T.

If Use is two-channel (Input 1 to Computed CLK, Input 2 to
Computed CLK, or Input 1 to 2), as with the case above, the wildcard
changes the positioning of the histogrammed result. For the example sort
pattern, the interval from the last edge of the 3T code spacing to the
nearest clock (measured or computed) is histogrammed into the segment
associated with the code spacing that followed the 3T. See chapter 2 for
examples of using the wildcard character in a sort pattern.
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A Getting Started Procedure

Provided below is a check list of steps to get you started using the Timing
Pattern Analysis software. Using this checklist, especially when you are
first learning about the software, can ease frustrations and assure pattern
analysis results.

M Acquire the Data to Sort

Go to Control>TIA Setup and set up a data acquisition to collect the
data you want to analyze for timing patterns.

Be sure you have selected the sequential Record Mode and pacing is set
to every edge. Also complete the setups on the Input window and
Span & Resolution dialog box.

Go to Control>Define Segments & Clock and complete both the
segments and clock portions of this dialog box.

After you provide this information make sure you click “Apply changes”
so these values can take affect in the software. If you need assistance, see
Defining Segments or Setting the Clock common tasks in the Online Help.

On the Time Interval Analyzer software tool bar, click Run to acquire the
data.

M Define the Sort Pattern
Go to Display>Histogram.

This activates the Histogram window and enables the Pattern Analysis
menu selection.

Go to Pattern>Pattern analysis....
The Pattern Analysis dialog box appears.

Click the Pattern Analysis Enabled box to enable sorting.
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Create a sort pattern by entering the pattern that you want to match
using the Sort Pattern controls.

As you enter a pattern it is shown on the Sort Pattern display. If you make
a mistake, click Undo Sort Entry to revert back to the previously applied
sort pattern.

M Apply the Sort Pattern and Verify Results

Click Apply Sort to apply the sort pattern to the acquired data.

As data patterns are matched, they are numbered sequentially.

Go to Display>Versus-Time to open the Versus-Time display.

Go to Versus-Time>Set Y Scale to Segments.

This is a convenient way to scale the y-axis to match the code spacing so
that each grid line will be one code-spacing interval apart.

On the Pattern Analysis dialog box, enter a number in the Match
Position box, under Versus-Time Matching, and click find match to
view that match.

If you enter a match number that does not exist, the Timing Pattern
Analysis software automatically truncates this number to the last match
found.

On the Versus-Time display, verify that the pattern matches are the
ones you expected.

Open a display window to analyze the results (Histogram,
Segmented-Histogram, or Window Margin).
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Chapter 2 Pattern Analysis Examples
In this Chapter

In this Chapter

This chapter provides numerous examples for applying a sort pattern to a
series of consecutive time interval measurements and an example for
verifying pattern match results.

The following items are provided in this chapter:

= Sort Pattern Examples

The Sample Acquisition

Methods for Entering a Basic Sort Pattern
Methods for Using the OR Character
Methods for Using the Don’t Care Character
Methods for Using the Wildcard Character
Methods for Sorting Data-to-Clock Intervals

= Versus-Time Matching Example

2-2
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Sort Pattern Examples

Introduction

Included here are several sort pattern examples to get you started using
the Timing Pattern Analysis software. Sort patterns are applied in a
logical progression. After analyzing all the data in an acquisition, you will
use sorting to look at certain patterns or code spacings that appear to be
causing timing effects. Depending on these results, you will refine the
search pattern even further until you can conclude if certain data patterns
are a contributing factor to the timing effect.

Sort Pattern Guidelines

Use the following guidelines when creating a sort pattern. A sort pattern
can contain:

= One result locator (R) to identify the position in the sort pattern to
histogram (required).

= Up to 14 expressions.

e One wildcard (*).

= Multiple OR expressions. For example: [2]5], [3]4]5] is valid.
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The Acquisition Sample

The sort pattern examples that follow assume a data-to-data
measurement was made that consisted of the pattern in Figure 2-1. This
pattern was first written to the disk and then measured. The examples
that follow demonstrate the ability of the Timing Pattern Analysis
software to sort any timing pattern from the measurement below using
the sort pattern controls.

-
111 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

‘l
|
3T 6T 4T 2T 5T 3T 4T 5T 2T 3T

| decode clock Pattern of Intervals = 435,2,6,4,2,5,3,4,5,2,3
|
|

= data edges

|—| =clock interval T

Figure 2-1. Acquisition Sample
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Methods for Entering a Basic Sort Pattern

The three basic sort pattern examples in this section make use of numeric
expressions to show the correlation between these numerics and code
spacings (T).

To Enter a Sort Pattern With a Single Expression

On the Pattern Analysis dialog box (Pattern>Pattern analysis), press
2 and result locator in the Sort Pattern field.

2R is displayed on the Sort Pattern window.
Click Apply Sort.

The Timing Pattern Analysis software matches and puts into a
distribution every 2T code spacing of the previously acquired data
acquisition. In the sort pattern (2R), the 2 means that a 2T spacing is
matched and the R means to histogram the 2T when it is found. For this
example the R (result locator) may seem unnecessary, but with a more
complex sort pattern using multiple expressions, the need for the R will
become clearer. In this case, if you looked at the Histogram display there
would be one distribution in the corresponding 2T segment with 3 counts.

The following figure shows the matched results based on the sample
acquisition of Figure 2-1.

2R 2R 2R
| = decode clock Pattern of Intervals = 4,3,5,2,6,4,2,5,3,4,5,2,3
|
i = data edges /l\ = histogrammed interval
I

| = pattern match

Figure 2-2. Matched Results for Sort Pattern (2R)
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To Enter a Basic Sort Pattern With Multiple Expressions

On the Pattern Analysis dialog box (Pattern>Pattern analysis), press
3, separator, 5, result locator, separator, and 2.

3,5R,2 is displayed on the Sort Pattern window.
Click Apply Sort.

The Timing Pattern Analysis software matches every 3T code spacing,
followed by a 5T code spacing, and then a 2T code spacing. The 5T code
spacing is put into a distribution because of its association with the

R (result locator). The histogram results appear in the segment
corresponding to 5T.

The following figure shows the matched results based on the sample
acquisition of Figure 2-1.

L LD L
I .
3sr2 T

| = decode clock Pattern of Intervals = 4.352,6,4,2,5,3,4,5,2,3
= data edges 1\ = histogrammed interval

| | = pattern match

Figure 2-3. Match Results for Sort Pattern (3,5R,2)
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To Enter a Basic Sort Pattern (that Shows No Matched
Results)

On the Pattern Analysis dialog box (Pattern>Pattern analysis), press
3, result locator, separator, 5, separator, and 3.

3R,5,3 is displayed on the Sort Pattern window.
Click Apply Sort.

The Timing Pattern Analysis software matches every 3T code spacing,
followed by a 5T code spacing, and then a 3T code spacing. The first
3T code spacing of the 3T, 5T, 3T pattern appears in a distribution
corresponding to the 3T segment. There are no matches for this sort
pattern.

Methods for Using the OR Character

The OR (]) character provides the ability to consider more than one code
spacing within a sort pattern position. For example, [2] 4], 5R directs the
Timing Pattern Analysis software to search for a 2T or 4T code spacing
followed by a 5T code spacing. In this case, all the 5T code spacings that
match the 2T OR 4T criteria are placed in a distribution. This is
equivalent to applying these two sort patterns (2,5R and 4,5R) at once.

The OR character also allows you to direct the Timing Pattern Analysis
software to histogram multiple distributions. For example, [3]6]R
specifies to put the 3T and the 6T code spacings into distributions
corresponding to the 3T and 6T segments.

User’s Guide 2-7



Chapter 2 Pattern Analysis Examples
Sort Pattern Examples

To Enter a Basic OR Sort Pattern

1 On the Pattern Analysis dialog box (Pattern>Pattern analysis), press
begin OR, 4, OR, 3, end OR, separator, 5, and result locator.

[4]3],5R is displayed on the Sort Pattern window.

2 Click Apply Sort.
The Timing Pattern Analysis software matches every 4T OR 3T code
spacing, followed by a 5T code spacing. The 5T code spacing is put into a

distribution corresponding to the 5T segment.

The following figure shows the matched results based on the sample
acquisition of Figure 2-1.

| | | | ! | | | |
| | | | | | | | | | | | | |
LT LR T L LT L
L I L I L L L ! L I 4 ! L L

3,5R 4,5R
| = decode clock Pattern of Intervals = 4,35,2,6,4,2,5,3,4,5,2,3
|
i = data edges 1\ = histogrammed interval

| | = pattern match

Figure 2-4. Matched Results for Sort Pattern ([4|3],5R)
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To Enter an OR Sort Pattern with Multiple Distribution
Results

On the Pattern Analysis dialog box (Pattern>Pattern analysis), press
begin OR, 4, OR, 5, OR, 6, end OR, and result locator.

[4]5]6]R is displayed on the Sort Pattern window.

Click Apply Sort.

The Timing Pattern Analysis software matches every 4T or 5T or 6T code
spacing and puts each into a separate distribution. In this case, if you
looked at the Histogram display there would be three distributions in the
corresponding 4T, 5T and 6T segments.

The following figure shows the matched results based on the sample
acquisition of Figure 2-1.

LD
— T T T TT

4R 5R 5R 4R 5R

| = decode clock Pattern of Intervals = 4,35,2,6,4,2,5,3,4,5,2,3

j /l\ = histogrammed interval
i = data edges

[ | = pattern match

Figure 2-5. Matched Results for Sort Pattern ([4|5]|6]R)
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Methods for Using the Don’'t Care Character

The don't care character (X) provides the ability to match any code spacing
for a given sort pattern position. For example, 2,X,5R directs the Timing
Pattern Analysis software to search for a 2T code spacing, then match any
code spacing in the next string position (in other words, all possibilities
will match) and then search for a 5T code spacing. You can use the don't
care character when you suspect that a code spacing is affected by a non-
adjacent spacing.

To Enter a Basic Sort Pattern with Don’t Care

On the Pattern Analysis dialog box (Pattern>Pattern analysis), press
4, separator, don't care, separator, 5 and result locator.

4,X,5R is displayed on the Sort Pattern window.
Click Apply Sort.

The Timing Pattern Analysis software matches every 4T code spacing,
followed by any code spacing, and then a 5T spacing. The 5T code spacing
is put into a distribution. You might apply this sort pattern to the sample
acquisition if you suspected that the 4T code spacing was affecting the
timing of the 5T spacing.
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The following figure shows the matched results based on the sample
acquisition of Figure 2-1.

T | T | T T [ ! ] | ! ! I |
| | | | | | | ! | | ! ! | |
| | | | | | | | | | | | | | |
! | n L L ! ! n . L L . .
I N

I\

4,3,5R 4,2,5R

Pattern of Intervals = 4,3,5,2,6,4,2,5,3,4,5,2,3

= data edges /I\ = histogrammed interval

| = decode clock
I

| = pattern match

Figure 2-6. Matched Results for Sort Pattern (4,X,5R)

To Enter a Don’t Care Sort Pattern with OR

On the Pattern Analysis dialog box (Pattern>Pattern analysis), press
2, result locator, separator, don’t care, separator, begin OR, 3, OR,
4, and end OR.

2R, X,[3]4] is displayed on the Sort Pattern window.
Click Apply Sort.

The Timing Pattern Analysis software matches every 2T code spacing
followed by any code spacing, and then a 3 OR 4 spacing. The 2T code
spacing is put into a distribution. You might apply this sort pattern to the
sample acquisition if you suspected that the 3T or 4T code spacing was
affecting the performance of the 2T spacing.
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The following figure shows the matched results based on the sample
acquisition of Figure 2-1.

T T | | T T T T T | ! ! | |
ilIIIiIII1IIIII;IIIEIIIIIIiIIIII‘II;IIIII?IIII?IIIIIEIIIIIEIIEIIIEI
T 2r64 T 2r53

| = decode clock Pattern of Intervals = 4,3526,4,2,5,3,4,5,2,3

- data edges /[\ = histogrammed interval

|_| = pattern match

Figure 2-7. Matched Results for Sort Pattern (2R, X,[3]4])

Methods for Using the Wildcard Character

The wildcard character (*) provides the ability to consider every code
spacing for a given sort pattern position. For example, (*R,3) directs the
Timing Pattern Analysis software to search for and histogram all the code
spacings that are followed by a 3T spacing. The resulting histogram is
likely to have multiple distributions matching code spacings of (2,3) (3,3)
(4,3) and so on. The distributions are displayed in the Segmented-
Histogram window in their corresponding segments, i.e. all of the (2,3)
matches will be in the segment corresponding to 2T.

The wildcard has a very special use in that you can determine which code
spacing (if any) is affecting the performance of another spacing by
applying just one sort pattern. Consider, after looking at an acquisition
you see that the 2T code spacing does not have a Gaussian shape. You
want to find out if there is a code spacing occurring immediately before the
2T spacing that is causing its poor performance. To do this, you could
apply this sort pattern:

(*.2R)
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Let us carefully analyze what happens in this case. The sort pattern
directs the Timing Pattern Analysis software to match every code spacing
followed by a 2T code spacing and then histogram the 2T spacing.

But herein lies the real power of the wildcard. The 2 interval is
histogrammed, but what comes before it determines where it is positioned
on the histogram display. Consider the pattern match of (3,2), (one of
many possible pattern matches). The 2 interval is placed in the
distribution corresponding to 3T. A match of (6,2) puts the 2 interval in
the 6T distribution. Following this process, the resulting histogram shows
multiple distributions, but each distribution is of a 2 interval. Based on
the code spacing that preceded the 2T, the 2T spacings have been split
apart.

Why is this useful? When you view the Segmented-Histogram in
“overlaid” mode (Display>Histogram, Segment>Overlaid segments),
you can enable and highlight the segments to compare them. When you
use the wildcard in this way, you can “deconvolve” aggregate histograms
into separate distributions corresponding to a particular timing pattern.

Notice from the prior discussion that associating the wildcard with the
result locator produces a histogram with multiple distributions. But when
the wildcard symbol is used alone in an expression, the result is a
deconvolved histogram where one code spacing is displayed in separate
distributions.
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To Enter a Wildcard Sort Pattern with Multiple Distribution
Results

On the Pattern Analysis dialog box (Pattern>Pattern analysis), press
wildcard, result locator, separator, and 4.

*R,4 is displayed on the Sort Pattern window.

Click Apply Sort.

The Timing Pattern Analysis software matches every code spacing,
followed by a 4T code spacing. When this match occurs, each code spacing

preceding a 4T code spacing is histogrammed.

The following figure shows the matched results based on the sample
acquisition of Figure 2-1.

L LB B LR L LD LT EL L
—— I —

T 6ra4 T 3r4
| = decode clock Pattern of Intervals = 4,35,26,4,2,5,3,4,5,2,3

! /l\ = histogrammed interval
| =data edges

|_| = pattern match

Figure 2-8. Matched Results for Sort Pattern (*R,4)

The pattern match of (6R,4) results in the 6T interval being histogrammed
in the 6T segment position. Similarly, a match of (3R,4) results in the 3T
interval being histogrammed in the 3T segment position.

2-14 User’s Guide



Chapter 2 Pattern Analysis Examples
Sort Pattern Examples

To Enter a Wildcard Sort Pattern with Deconvolved
Distribution Results

On the Pattern Analysis dialog box (Pattern>Pattern analysis), press
3, result locator, separator, and wildcard.
3R,* is displayed on the Sort Pattern window.

Click Apply Sort.

The Timing Pattern Analysis software matches every 3T code spacing
followed by any code spacing. The 3T spacing is deconvolved and
histogrammed according to the spacing that follows it. The resulting
histogram contains multiple distributions of the 3T interval.

The following figure shows the matched results based on the sample
acquisition of Figure 2-1.

’[\ 3R, 5

The 3interval is

L B L L L]
C L1 ———

placed in the 5T segment

= decode clock
= data edges

| = pattern match

Pattern of Intervals

/l\ = histogrammed interval

’]\ 3R, 4

The 3 interval is
placed in the 4T segment

= 4,3,5,2,6,4,2,5,3,4,5,2,3

Figure 2-9. Matched Results for Sort Pattern (3R,*)
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Methods for Sorting Data-to-Clock Intervals

You can use sorting when the Time Interval Measurement area (on the
TIA Setup window) is set to Use data-to-clock intervals for display and
analysis. In this case, the sorting process is the same as for a single input
sort, but when a match is found, the data-to-clock interval is placed in the
distribution (histogrammed).

The primary difference is that the location of the R (result locator)
determines if the data-to-clock interval is taken from the initial edge or
the last edge of the data interval. For example, once a pattern match is
found for the string (4,2R), the R location (2R) directs the Timing Pattern
Analysis software to compare the last edge of the 2 code spacing to the
nearest clock edge and histogram the resulting interval. A pattern match
of (4,R2), directs the Timing Pattern Analysis software to compare the
initial edge of the 2 code spacing to the clock and histogram that
interval. Both an external clock and a computed clock can be used for
sorting data-to-clock intervals.

All of the prior examples have assumed that the histogrammed result is
the code spacing interval associated with the R (result locator). This is
true whenever Use on the TIA Setup window is set to “Input 1 only,”

or “Input 2 only”. If the Use selection is something other than these,

the histogrammed intervals are based on the Use selection. In such cases,
the search pattern match is the same as it is for the single-channel
examples, the difference is in the type of result that is histogrammed.

2-16 User’s Guide



Chapter 2 Pattern Analysis Examples
Sort Pattern Examples

To Enter a Sort Pattern with Last Edge Data-to-Clock
Results

On the Pattern Analysis dialog box (Pattern>Pattern analysis), press
5, separator, 2 and result locator.

5,2R is displayed on the Sort Pattern window.

Click Apply Sort.

The Timing Pattern Analysis software matches every 5T code spacing,
followed by 2T code spacing. Because of the R location (2R), the last edge
of the 2T code spacing is compared to the nearest clock edge and the

resulting interval is histogrammed.

The following figure shows the matched results based on the sample
acquisition of Figure 2-1.

| last data edge
clock edge
L R Rl L L L]
, L1 4§

52R 52R

Pattern of Intervals = 4,35,2,6,4,2,53,4,52,3

| = decode clock
| . .
! u = histogrammed interval

= data edges

L_| =pattern match

Figure 2-10. Matched Results for Sort Pattern (5,2R)
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To Enter a Sort Pattern with Initial Edge Data-to-Clock
Results

On the Pattern Analysis dialog box (Pattern>Pattern analysis), press
5, separator, result locator, and 2.
5,R2 is displayed on the Sort Pattern window.

Click Apply Sort.

The Timing Pattern Analysis software matches every 5T code spacing,
followed by 2T code spacing. Because of the R location (R2), the initial
edge of the 2T code spacing is compared to the next clock edge and the
resulting interval is histogrammed.

The following figure shows the matched results based on the sample
acquisition of Figure 2-1.

initial data edge
| clock edge

IIIIIIIIIIII_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|!IIII
5 R2

5, R2

| = decode clock Pattern of Intervals = 4,3526,4,2,53,4,52,3
|
|
|
|

= data edges lJ = histogrammed interval

l | = pattern match

Figure 2-11. Matched Results for Sort Pattern (5,R2)

The matching portion is identical for this and the prior example. The
difference is the change of the R position with respect to the 2T, which
identifies that a different data edge should be histogrammed.
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Versus-Time Matching Example

This Versus-Time Matching example demonstrates how to use the
Versus-Time Matching controls on the Pattern Analysis dialog box while
viewing pattern matches in the Versus-Time window.

On the Pattern Analysis dialog box (Pattern>Pattern analysis), press
3, separator, 4, result locator, separator, and 5.

3,4R,5 is displayed on the Sort Pattern window.
Click Apply Sort.

The Timing Pattern Analysis software matches every 3T code spacing
followed by a 4T spacing and then a 5T. The R means to histogram the 4T
spacing when a pattern match is found.

Open the Versus-Time window (Display>Versus-Time).
Select Versus-Time>Set Y Scale to Segments.

This is a convenient way to scale the y-axis to match the code spacing so
that each grid line will be one code-spacing interval apart.

On the Pattern Analysis dialog box enter 6 in the “find match” box.

The 6th pattern match now appears on the Versus-Time window.

You can see the 3,4,5 sequence on the display. The Y scale minimum is 0T
and the next grid line is 1T, and so on. The 4T is exactly centered because
it is the one histogrammed.

Look at the upper left portion of this display to see in what data block this
match was found.

Center the 5th match on the Versus-Time window.

To do this click “find prior” or enter 5 in the box and then click
“find match.”

Click “find match on update” to automatically center the 5th match on
the Versus-Time window during the next measurement update or change
of sort pattern.
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Chapter 3 Timing Pattern Analysis Software Demonstration
In this Chapter

In this Chapter

This chapter provides a demonstration of the Timing Pattern Analysis
software using data that was acquired with the HP E1725C measuring an
actual disk drive. The data was then saved in a file using the menu
selection, File>Save data. You can recall this measurement data from a
stored file that was installed during the HP E1741A installation process.
This demonstration can be worked with or without having the HP E1740A
Time Interval Analyzer hardware present.
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Tri-bit Data Pattern

This demonstration uses a data pattern measured from a hard disk drive
with the HP E1725C. Data-to-data time intervals were captured
sequentially and pacing was set to every edge. The sequential data has
been saved to disk and is recalled for this demonstration.

The drive used to gather this data uses RLL (2,7) coding and has a
66.66667 ns decode window (T). A tri-bit data pattern (6T, 3T, 3T) was
written on the media.

A sample of the measurement data would be as follows:

A RN PR, SR, o
L L LT

6T 3T 3T 6T 3T 3T 6T 3T 3T 6T 3T 3T

ecode clock Pattern of Intervals = 6,3,3,6,3,3,6,3,3,6,3,3

| =
3 = data edges

|_| = clock interval

Start

Select File>Use saved data.
Open the demo subdirectory and click on the file “tribit.tid”.

Click the OK button.
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Overview

The tri-bit pattern was written to test the drive’s response to code spacing
extremes. Since this drive has a decode window or “T” spacing of
66.66667 ns and uses RLL (2,7) coding, interval extremes would be 3T
(200 ns) and 8T (536 ns). However, for the purposes of this demonstration,
intervals of 3T and 6T are used. This demonstration will use the Timing
Pattern Analysis software to analyze the ability of the drive to write this
sequence.

Acquiring the Tri-bit Pattern
1 Select Control>TIA setup.

xd TIA Setup [expanded) M= 3
Delay Acquire
] | by time J| | by time J|
= Triggered:
" Free run
|euery edge j|

Humber of Acquisitions

Time Interval Measurement

Source Record Mode :
|Inp|.rt1 only j| |sequen‘tial j| Input... I Span & Resolution... |

Use

|In|:|ut 1 only j|

This is the TIA Setup window used to acquire the data. Notice that the
Record Mode is set to sequential and pacing to every edge. Although not
shown here, the Input window and Span and Resolution dialog box
were also set according to the characteristics of the signal at Input 1.

You may access them now by selecting the buttons at the bottom right of
this window.
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2 Select Display>Define Segments & Clock.

== Define Segments & Clock M= E

15t Segment Center Close
200.0000G13 ﬁ

Fine Adjust
| ops)o

[ Lock Ratio of [# Clock = Segment Width
15t Center & Width

Help

Segment Width Clock Period

| 66.66667 ns | § 66.66667 ns | §
Fine Adjust Clock Frequency

| 0 ps | ﬁ 14.999999 MHz| §

|Tuta| Segments " Use exact clk value
dE

{* Adjust clk to fit data

Enable All |

Apply Changes |

This is the Define Segments & Clock window which provides
information about the code spacing and the characteristics of the encode
clock. Notice the clock period of the encode clock (T) is set to 66.66667 ns.
The “Fit clock to data” selection indicates that the clock value will be
adjusted to accommodate the actual clock rate of the incoming data.
Setting the “Segment Width” equal to the clock period defines each
segment width to be 66.66667 ns. The “Total Segments” is set to 6
because the code spacing RLL 2,7 allows for 6 interval spacings

(3T, 4T, 5T, 6T, 7T, and 8T). These settings allow each interval to be
placed in its own distribution segment when viewing the results. The first
segment center is set to 200 ns because the shortest interval expected is
3T (66.66667 x 3 = 200 ns).
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If the “1st Segment Center” entry was set to 0, then a 0T, 1T, and 2T
segment would also become available. Since they should not occur with
this coding scheme, they were not defined for this example. You can
experiment with this by setting the “1st Segment Center” entry to 0 and
increasing the number of segments to 9, and then clicking “Apply
Changes”.

3 Select Display>Histogram.
+i_ Hiztogram M=] 3
Min: 188.3 ns Population: 12.498 k
Max: 209.0 ns Mean: 200.891 ns
Pk Pk: 20.7 ns Std Dew: 4.390 ns

— T V01— T T 71

3_1 59.9 ns

0-168.1 ns

Left
¥ 0
X 181.4 ns

559.7 ns

: 228.9 ns
Right Delta
0 ]
213.6 ns 32.2 ns

This histogram display shows the expected distributions at the 3T and 6T
intervals. The segment display shows 6 segment distributions
corresponding to the 3T through 8T code spacings.

According to the tri-bit pattern there should be twice as many 3T spacings
as 6T spacings. You can confirm that this is true by putting the markers
around each distribution and observing the reported population.
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You can “zoom-in” or magnify the data by pressing the A key on the
keyboard. The larger, main display shows the magnified view. You can
also drag (with the mouse) the zoomed area on the panorama display to
any portion of interest.

When studying the two distributions, notice that the 3T distribution is not
Gaussian, and appears to be composed of several overlapping
distributions. The need now arises for further analysis. The Timing
Pattern Analysis software is a tool that can help you determine if pattern
dependent effects are influencing the 3T interval.

Applying a Sort Pattern and Verifying Results

1 Select Pattern>Pattern analysis.

= Pattern Analysiz ]
[ Pattern Analysis Enabled; Close
Help

Sort Pattern (T spacings)
ow ]

Apply Sort | Undo Sort Entry

j ﬂ ﬂ wildcard begin OR

ﬂ ﬂ ﬂ separator OR

j ﬂ ﬂ don't care end OR
ﬂ result locator |

Versus-Time Matching

find prior | find matt:hl find next |

-

|+ find match on update

This is the Pattern Analysis dialog box where you setup the Timing
Pattern Analysis software.
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2 Click on the Pattern Analysis Enabled box to activate this dialog box,
and click Apply Sort.

The sort pattern applied to the tri-bit data acquisition is 3R,* (as shown).
This directs the Timing Pattern Analysis software to locate all the 3T
intervals followed by any code spacing. The 3T interval is histogrammed,
but positioned in the segment associated with the code spacing that
followed it (this is due to the *). In the pattern match of (3,3) the 3T is
histogrammed into segment one (3T is defined as the “First Segment
Center” on the Define Segments & Clock dialog box). Following the same
logic, the pattern match of (3,6) results in the 3T being histogrammed into
segment four. The result is that the (3,3) pattern and the (3,6) pattern are
split apart into separate distributions. The Histogram display
(Display>Histogram) that you were looking at in step 3 now shows you
these distributions.

3 Select Display>Versus-Time.

Yersus-Time =] =

Block Min: 197.070 ns Population: G
ﬂg I Max: 401.464 ns Mean: 265.861 ns
Pk Pk: 204.394 ns Std Dev: 103.6 ns

Read: — Write: —

| 666.67 ns =
 66.667 ns/div o - AN -
e L i 4

| Ons |$|

-300.83ns |5 | 300 nsfdive | 2.69917 s |
Clock Left Right Delta
— Y 397.90ns  197.07ns  -200.83ns
— X 799.71ns  21942ps  1.3945pis
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This display shows the measured time intervals versus time. Notice that
the vertical axis has been scaled so that each grid line corresponds to 1T
interval, making it easier to see the T spacings of the data. This is
accomplished with the Versus-Time>Set Y Scale to segments menu
selection. You can easily see the captured tri-bit pattern of 6T, 3T, 3T, etc.

The pattern matches can be automatically centered in the main display.
The control of this feature is on the Pattern Analysis dialog box in the
Versus-Time match area. You can enter a different match number and
then click find match to find a different match. For this demonstration
12,498 matches were found.

Analyzing Results

1 Select Display>Segmented-Histogram, Segment>Overlaid
segments, and Segment>Two-Sided.
2ax DOrted Segmented Histogram (3R.%) M=l E3
Min: -12.01%5 Population: 6.249 k
Max: 26.66% Mean: 13.95%
Pk-Pk: 38.67% Std Dev: 5.47%

Y
x

3

0

_159.9 ns

-99.9%

Left
0
-60.0625

559.7 ns

: 98.73%
Right Delta
0 0
58.89% 118.95%

User’s Guide 3-9



Chapter 3 Timing Pattern Analysis Software Demonstration
Tri-bit Data Pattern

This window shows two distributions of 3T intervals. The (3R,3) match is
placed in the distribution corresponding to the first segment and the
(3R,6) match is placed in the distribution corresponding to the fourth
segment. The pattern matches are positioned in these segment
distributions due to the settings previously specified on the Define
Segments & Clock dialog box. Note that the selected sort pattern is
shown on the title bar of this display.

In overlaid mode you can immediately see that the (3,3) pattern match is
occurring later than normal and the (3,6) is occurring earlier than normal.
Since you have isolated the (3,3) from the (3,6) and now have the two
distributions shown on a common reference, it becomes easy to see how
the aggregate distribution was produced from these two patterns.

What had looked like a single distribution with large amounts of timing
asymmetry (when viewing the single, aggregate distribution) is now seen
to be two reasonably Gaussian distributions with peak shift. If you want
to see the single, aggregate distribution again, select
Segment>Combined segments.
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Error Messages

Error Messages

The following tables list the error messages that can be reported on the
Pattern Analysis dialog box along with corrective actions. Table 4-1 lists
the messages that are related to incorrect Sort Pattern entries and

Table 4-2 lists the ones related to Versus-Time Matching errors.

Table 4-1. Sort Pattern Error Messages

Error Messages”

Description

Corrective Action

Missing “R” Modifier

The sort pattern is missing a
result locator.

Example: 3,5

Add a result locator (R) to the sort
pattern.

Corrected Example: 3,5R

Incomplete Pattern

No search pattern is entered
or there is no pattern
identified.

Example: R

Make sure the sort pattern
contains a timing pattern based on
T spacings. Otherwise, make sure
you follow the sort pattern
guidelines detailed in chapter 1.

Corrected Example: 3R

Misplaced/Duplicate “R”

Sort pattern contains more
than one result locator.

Example: 3R,5R

Use only one result locator in the
sort pattern.

Corrected Example: 3,5R

Misplaced “*”

An expression contains a
wildcard and another
character. Except for the
result locator, there can be no
other characters in an
expression where the
wildcard is used.

Example: 4*

Remove the additional characters
from the expression that contains
a wildcard.

Corrected Example: 4R,*

Misplaced/Duplicate “*”

Sort pattern contains more
than one wildcard (*).

Example: *,4R,*

Use only one wildcard in the sort
pattern.

Corrected Example: *,4R
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Table 4-1. Sort Pattern Error Messages (continued)

Error Messages”

Description

Corrective Action

Misplaced “X” An expression contains a Remove additional characters
don’t care and another from the expression that contains
character. Except for the a don't care.
result locator, there can be no | cqrrected Example: X,4R
other characters in an
expression where the don’t
care is used.

Example: 4X,4R

Misplaced “[" The begin OR character is Reposition the begin OR
not placed at the beginning of | character to the start of an
an expression (immediately expression.
following a comma). Corrected Example: [4|5]R
Example: 4[,5R

Misplaced “]" The end OR character is Reposition the end OR character
used within an expression to the end of an expression that
that does not contain an OR | has an OR character.
character [[]. Corrected Example: [4|5]R
Example: 4],5R

Misplaced “|” The OR character is used Enter the begin OR character at

within an expression that
does not start with a begin
OR character.

Example: 2R,6|7

the start of an expression using
the OR character.

Corrected Example: 2R,[6|7]

Misplaced Numeric

The expression contains
multiple numeric values.

An expression can have only
one numeric value unless the
OR character is used.

Example: 4R6

Remove any additional numeric
values from the expression.

Corrected Example: 4R

Max 14 Patterns

Sort pattern contains too
many expressions
(maximum 14).

Reduce the number or
expressions in the sort pattern.

User’s Guide




Chapter 4 Error Messages
Error Messages

Table 4-1. Sort Pattern Error Messages (continued)

Error Messages” Description Corrective Action

Numeric out of Range Numeric value is too large. Reduce the numeric value to
Maximum value is 1,000; <1,000.
corresponding to 1,000 code | corrected Example: 1000R
spacings.

Example: 5,3000R

Invalid Numeric The expression contains an Remove the non-numeric
invalid numeric character. character.
Valid characters are 0-9. Corrected Example: 5R
Example: 5zR
Can't do analysis with The record mode on the TIA | Go to Control>TIA Setup and set
fast histogram Setup window is set to fast the record mode to sequential.
histogram.

Match(es) at block start | When Use on the TIA Setup | This is a warning, no corrective
not used. window is set to use the action is required.

computed clock for display
and analysis, the first edge of
each acquired block is not
available. An example is a R5
sort pattern with a 5T spacing
between the 1st and 2nd
measured edges. In this
case, the software would find
the match, but not be able to
report the 1st edge to
computed clock interval.

* The cursor marks the position in the string where the error was found. If there are several problems, the first error found is
flagged.
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Table 4-2. Versus-Time Matching Error Messages

Error Messages

Description

Corrective Action

No Match Found

No pattern match was found
for the applied sort pattern.

Enter a new sort pattern.

Match value set to last
match found

No pattern match was found
because the match number in
the box was too large.
Instead the last match found
is shown in the Versus-Time
display.

Enter a lesser number in the box.

Enable vs. time display

The Versus-Time display is
not opened.

Open the Versus-Time display
(Display>Versus-Time).
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Korea
(82-2) 769 0800

Malaysia
(60-3) 291 0213

Philippines
(63-2) 894 1451

PRC
(86-10) 6505-0149

Singapore
(1800) 292 8100

Taiwan
(886-3) 492 9666

Thailand
(66-2) 661 3900

For Countries in Asia Pacific not
listed, contact:

Hewlett-Packard Asia Pacific Ltd.
17-21/F Shell Tower, Times Square,
1 Matheson Street

Causeway Bay

Hong Kong

Tele: (852) 2599 7777

Fax: (852) 2506 9285

Australia/New Zealand:
Hewlett-Packard Australia Ltd.
31-41 Joseph Street

Blackburn, Victoria 3130
Australia

1800 629 485

Canada:

Hewlett-Packard Canada Ltd.
5150 Spectrum Way
Mississauga, Ontario

L4W 5G1

(905) 206 4725

Latin America:
Hewlett-Packard
Latin American Region Headquarters
5200 Blue Lagoon Drive
9th Floor
Miami, Florida 33126
U.S.A.
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Fax: (305)267-4288
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Continued from front matter. . .

Warranty (contd)

HP does not warrant that the
operation of HP products will be
uninterrupted or error free. If
HP is unable, within a
reasonable time, to repair or
replace any product to a
condition as warranted,
customer will be entitled to a
refund of the purchase price
upon prompt return of the
product.

HP products may contain
remanufactured parts
equivalent to new in
performance or may have been
subjected to incidental use.

The warranty period begins on
the date of delivery or on the
date of installation if installed
by HP. If customer schedules or
delays HP installation more
than 30 days after delivery,
warranty begins on the 31st day
from delivery.

Warranty does not apply to
defects resulting from

(a) improper or inadequate
maintenance or calibration,

(b) software, interfacing, parts
or supplies not supplied by HP,
(c) unauthorized modification or
misuse, (d) operation outside of
the published environmental
specifications for the product, or
(e) improper site preparation or
maintenance.

TO THE EXTENT ALLOWED
BY LOCAL LAW, THE ABOVE
WARRANTIES ARE
EXCLUSIVE AND NO OTHER
WARRANTY OR CONDITION,
WHETHER WRITTEN OR
ORAL, IS EXPRESSED OR
IMPLIED AND HP
SPECIFICALLY DISCLAIMS
ANY IMPLIED WARRANTIES
OR CONDITIONS OF
MERCHANTABILITY,
SATISFACTORY QUALITY,
AND FITNESS FOR A
PARTICULAR PURPOSE.

HP will be liable for damage to
tangible property per incident
up to the greater of $300,000 or
the actual amount paid for the
product that is the subject of the
claim, and for damages for
bodily injury or death, to the
extent that all such damages
are determined by a court of
competent jurisdiction to have
been directly caused by a
defective HP product.

TO THE EXTENT ALLOWED
BY LOCAL LAW, THE
REMEDIES IN THIS
WARRANTY STATEMENT
ARE CUSTOMER'S SOLE AND
EXCLUSIVE REMEDIES.
EXCEPT AS INDICATED
ABOVE, IN NO EVENT WILL
HP OR ITS SUPPLIERS BE
LIABLE FOR LOSS OF DATA
OR FOR DIRECT, SPECIAL,
INCIDENTAL,
CONSEQUENTIAL
(INCLUDING LOST PROFIT
OR DATA), OR OTHER
DAMAGE, WHETHER BASED
IN CONTRACT, TORT, OR
OTHERWISE.

For consumer transactions in
Australia and New Zealand: the
warranty terms contained in
this statement, except to the
extent lawfully permitted, do
not exclude, restrict or modify
and are in addition to the
mandatory statutory rights
applicable to the sale of this
product to you.

Assistance

Product maintenance
agreements and other customer
assistance agreements are
available for Hewlett-Packard
products.

For any assistance, contact your
nearest Hewlett-Packard Sales
and Service Office.
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