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General Safety Summary

Review the following safety precautions to avoid injury and prevent damage to
this product or any products connected to it. To avoid potential hazards, use this
product only as specified.

Only qualified personnel should perform service procedures.

To Avoid Fire or  Use Proper Power Cord. Use only the power cord specified for this product and
Personal Injury  certified for the country of use.

Connect and Disconnect Properly. Do not connect or disconnect probes or test
leads while they are connected to a voltage source.

Ground the Product. This product is grounded through the grounding conductor
of the power cord. To avoid electric shock, the grounding conductor must be
connected to earth ground. Before making connections to the input or output
terminals of the product, ensure that the product is properly grounded.

Observe All Terminal Ratings. To avoid fire or shock hazard, observe all ratings
and marking on the product. Consult the product manual for further ratings
information before making connections to the product.

The common terminal is at ground potential. Do not connect the common
terminal to elevated voltages.

Do not apply a potential to any terminal, including the common terminal, that
exceeds the maximum rating of that terminal.

Do Not Operate Without Covers. Do not operate this product with covers or panels
removed.

Use Proper Fuse. Use only the fuse type and rating specified for this product.

Avoid Exposed Circuitry. Do not touch exposed connections and components
when power is present.

Do Not Operate With Suspected Failures. If you suspect there is damage to this
product, have it inspected by qualified service personnel.

Do Not Operate in Wet/Damp Conditions.
Do Not Operate in an Explosive Atmosphere.
Keep Product Surfaces Clean and Dry.

Provide Proper Ventilation. Refer to the manual’s installation instructions for
details on installing the product so it has proper ventilation.
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General Safety Summary

Symbols and Terms

VAN

Terms in this Manual. These terms may appear in this manual:

WARNING. Warning statements identify conditions or practices that could result
in injury or loss of life.

/N

CAUTION. Caution statements identify conditions or practices that could result in
damage to this product or other property.

Terms on the Product. These terms may appear on the product:

DANGER indicates an injury hazard immediately accessible as you read the
marking.

WARNING indicates an injury hazard not immediately accessible as you read the
marking.

CAUTION indicates a hazard to property including the product.

Symbols on the Product. The following symbols may appear on the product:

VN

WARNING
High Voltage

S

Protective Ground
(Earth) Terminal

A O

CAUTION
Refer to Manual

Double
Insulated

O |

Mains Connected
ON (Power)

Mains Disconnected
OFF (Power)
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This manual provides high-level information for daily use of the Tektronix Logic
Analyzer Family products. Use this manual together with the online help to use
your Tektronix logic analyzer.

Refer to the TLA700 Series Installation Manual or to the TLA5000 Series
Installation Manual to install and configure Tektronix logic analyzer products.

Related Documentation

In addition to this user manual, the documentation listed in Table i on page xi
is available for your Tektronix logic analyzer product. For documentation not
specified in the table, contact your local Tektronix representative.

Table i: Tektronix Logic Analyzer Family documentation

Location

TLA Documentation

Documents available on the documentation CD, in printed form, and downloadable from the Tektronix Web site.

@

//

wDGDG

tektronix.com

Tektronix Logic Analyzer Family User Manual

TLA700 Series Logic Analyzer Installation Manual
TLA7AXX/TLA7NAX Logic Analyzer Module Service Manual
P69xx Logic Analyzer Probe Instruction Manual

P68xx Logic Analyzer Probe Instruction Manual

P6417 & P6418 Logic Analyzer Probes Instructions

P6419 Logic Analyzer Probe Instruction Manual

P6434 Mass Termination Probe Instructions

TLA7UP Field Upgrade Kit Instructions

TLAG6UP Field Upgrade Kit Instructions

TLASKUP Field Upgrade Kit Instructions

TLASFxx, TLA6Fxx, & TLA7Fxx PowerFlex Upgrade Kit Instructions
TLA7PG2 Pattern Generator Module Instructions
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Table i: Tektronix Logic Analyzer Family documentation (Cont.)

Location TLA Documentation

Documents available only as PDF files on the documentation CD and downloadable from the Tekironix Web site.

TLA Series Product Specifications
Tektronix Logic Analyzer Programmatic Interface (TPI.NET)

tektronix.com
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Contacting Tektronix

Phone 1-800-833-9200%

Address Tektronix, Inc.
Department or name (if known)
14200 SW Karl Braun Drive

P.O. Box 500

Beaverton, OR 97077

USA
Web site www.tektronix.com
Sales support 1-800-833-9200, select option 1%
Service support 1-800-833-9200, select option 2*

Technical support Email: techsupport@tektronix.com
1-800-833-9200, select option 3*
6:00 a.m. - 5:00 p.m. Pacific time

*  This phone number is toll free in North America. After office hours, please leave a
voice mail message.
Outside North America, contact a Tektronix sales office or distributor; see the
Tektronix web site for a list of offices.
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Getting Started

The Tektronix Logic Analyzer family consists of the TLA5000, and TLA700
series logic analyzers, and all of the accessories and supporting software that can
be used with them. For more information about availability, contact your
Tektronix representative and view the Tektronix website at: www.tektronix.com.

Tektronix Logic Analyzer Family

The TLAS000 series logic analyzers are a line of self-contained logic analyzers
as shown in Figure 1-1.

Figure 1-1: TLA5000 series logic analyzer

The TLA700 series logic analyzers combine a high-performance logic analyzer
module with optional application modules or an external Tektronix oscilloscope.

There are two styles of mainframes: portable and benchtop. Each mainframe can
include an expansion mainframe that looks similar to the benchtop mainframe.
The portable mainframe and the benchtop mainframe are shown in Figure 1-2
and Figure 1-3.

Tektronix Logic Analzyer Family User Manual 1-1



Getting Started

Figure 1-2: Portable mainframe

Expansion
mainframe

Benchtop
mainframe

Figure 1-3: Benchtop mainframe with an expansion mainframe

Several logic analyzer modules are available in various combinations of channel
width and memory depth. All of the logic analyzer modules provide simulta-
neous state and timing measurements through a single probe.
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Accessories

For a complete list of accessories, refer to the online help.

Installation

Refer to the following product-specific installation manuals for complete
instructions for installing your logic analyzer product:

B TLA5000 Series Logic Analyzer Installation Manual
B TLA700 Series Logic Analyzer Installation Manual

NOTE. If you have a TLA60O Series Logic Analyzer, refer to the Tektronix Logic
Analyzer Family User Manual for V4.2 software (Tektronix part number
071-0863-02) for installation information.

Functional Check

Use the power-on diagnostics to check the basic functionality of your logic
analyzer product. These diagnostics run every time you turn on the logic
analyzer.

You can verity more detailed functionality by running the self-calibration and
extended diagnostics. Refer to the online help for the self-calibration procedures.

You can also check the functionality of the logic analyzer by connecting a probe
to a single source and verify that the logic analyzer acquires the data. For more
verification procedures, refer to the Performance Verification chapter of the
appropriate service manual for your Tektronix logic analyzer product.
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Operating Basics

This section provides an overview of logic analyzer concepts and some of the
features of the Tektronix Logic Analyzer.

To acquire and display signals from the target system, the logic analyzer must
perform a complex series of actions. For the most part, these actions are
transparent.

Sampling and Digitizing a Signal

Acquisition is the process of sampling the input signal, digitizing it to convert it
into digital data, and assembling it into a waveform record. The order and
method of accomplishing these functions is different between logic analyzers and
oscilloscopes.

The logic analyzer converts incoming data into ones and zeros using a compara-
tor with a user-selectable threshold voltage. If the incoming signal is above the
threshold voltage, it is converted to a one; if it is below the threshold voltage, it
is converted to a zero. After digitizing the data, the logic analyzer samples the
data at regular time intervals. The sampled and digitized points are stored in
memory along with corresponding timing information. (See Figure 2-1.)

11 1 1 1 1 1 1 Digitalvalues

Threshold voltagg — — { — — —}— — —f —— — — —
Input signal

00 0 00 0 00
Sample clock (T T O T T O T O T T Y T T T B |

Figure 2-1: Acquiring a digital signal
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Logic Analyzer

2-2

Clocking

The oscilloscope samples the voltage level of the signal at regular intervals, and
then converts the sampled analog data into 8-bit digital values (see Figure 2-2).
The sampled and digitized points are stored in memory along with corresponding
timing information.

+6.0V -
+55V 450V Digital values
Analog signal
2.%
ov oV ov
Sample clock 1 ] 1 1 ] 1 1 ]

Figure 2-2: Acquiring an analog signal (DSO module)

Functionally, the logic analyzer can be divided into several blocks, as shown in
Figure 2-3. Refer to the figure as you read about the functional blocks.

Comparator
Data from —>{ Probes Sampler Memory
target
system T T
Threshold Trigger
voltage

Clock
Internal (asynchronous) or
External (synchronous)

Figure 2- 3: Block diagram of the logic analyzer acquisition and storage

Clocks control when data is sampled. The point at which you sample data has a
great deal to do with the type and quality of data you acquire. For the logic
analyzer, there are two primary approaches to clocking, external (synchronous)
clocking and internal (asynchronous) clocking. Generally you use external
clocking for listing data and internal clocking for waveform data.

External (Synchronous) Clocking. This clocking mode is called an external or
synchronous clock because the clock is external to the logic analyzer, and is
synchronized to the target system. External clocking is the best choice when you
are primarily interested in state aspects of the data.
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The signal you chose as the external clock to the logic analyzer should be the
signal that controls the activity of the other signals you want to observe. For
example, to observe the output states of a counter chip, use the clock input to the
counter chip to act as the external clock source to the logic analyzer. With this
setup, each clock pulse to the counter chip can also be used to clock data from
the counter output lines into the logic analyzer. As another example, to record the
data being written to a latch, you could use the load signal to the latch as the
external clock source to the logic analyzer.

Internal (Asynchronous) Clocking. Much activity can occur in the target system
between system clock signals. Using the logic analyzer’s internal (asynchronous)
clock, you can view all activity in the target system, not just the data available at
the target system clock signal.

Internal clocking is the best choice when you are primarily interested in the
timing aspects of the data. It is important to note, however, that the value of
internal clocking is not limited to displaying waveforms. If you want a detailed
picture of data activity both during and between state changes, use internal
clocking. For example, internal clocking allows you to acquire and display glitch
information in either the Waveform or Listing windows.

Acquiring Data  When you start an acquisition, the logic analyzer begins sampling data from the
probes. Then, each time a sample clock occurs, data is sampled. Sampled data is
sent to the trigger functional block and to the main memory.

Triggering and Storage  The trigger program looks at sampled data for specific events and then takes a
Qualification specified action. The trigger program can look for events such as data values,
data ranges, or signals from another module. You can also use internal counters
to trigger when the counter reaches a specified value.

When the trigger condition is satisfied, the logic analyzer enables a post trigger
delay counter to allow the post trigger portion of the acquisition memory to fill
before stopping acquisition. You can also indicate a prefill portion of acquisition
memory that must be met before the trigger state machine can store post trigger
data.

The trigger function block includes storage qualification that looks at sampled
data. If the storage conditions are met, a storage qualifier signal enables sampled
data to pass into the acquisition memory as qualified data. Any unqualified data
samples are excluded.
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Storing Data in Memory

The acquisition memory works like a circular buffer, storing every qualified data
sample until the entire memory is full. After that, each new data sample
overwrites the oldest existing sample. This process continues until the trigger
event is found and the post trigger delay counter reaches the specified value
(based on the trigger position selection), which stops acquisition. During
acquisition, you can monitor the progress of the data storage process using the
Status Monitor.

After storing the data you can display the acquired data in the Listing or
Waveform data windows.

iView External Oscilloscope

The logic analyzer can connect to an external oscilloscope through a special

cable from the logic analyzer to the GPIB port of the oscilloscope. The logic
analyzer transfers setup information and data between the logic analyzer and
oscilloscope.

Use the oscilloscope to acquire the data through the oscilloscope probes and
input circuitry. The logic analyzer can then display the oscilloscope data in one
of the display windows.

Pattern Generator Module

2-4

The pattern generator module adds pattern generator capability to the logic
analyzer. You can generate specific data patterns to a target system and then use
the logic analyzer to evaluate the resultant data from the target system.

The pattern generator module functionality can be divided into blocks as shown
in Figure 2-4. Refer to the figure as you read about the functional blocks.

System clock
Event &
Inhibit data Probes = Program Probes |—> Data to target
T system
External
clock

Figure 2-4: Block diagram of the pattern generator module
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Probes  The probe interface serves two purposes: to detect event and inhibit information
and to output data to a target system. In addition to sending pattern generator
data to the target system, the probe also sends clock and strobe information.

You can connect up to four probes to a single module. Each probe supports either
17 or 34 channels.

Pattern Generator  The pattern generator program is the heart of the pattern generator module. You
Program  can create blocks of data vectors to work together to create complex pattern
generator programs. The program uses external and internal events to determine
specific actions such as loops and branches to other data blocks. The program
can be controlled by an internally selected clock or by an external clock through
a front-panel BNC connector.

Logic Analyzer Conceptual Model

Conceptually, the logic analyzer is made up of two main parts: the modules and
the system. From the operational perspective, a module encompasses the setup,
trigger, and data associated with the physical logic analyzer, the oscilloscope
module installed in the logic analyzer, or the external oscilloscope that is
physically connected to the logic analyzer. See Figure 2-5. The system refers to
the setup and data for the whole logic analyzer.

Some actions occur at the module level, some at the system level. For example,
you can save either module or system files. When you save a module, you save
all the setup and trigger information for that module. (You also have the option
of saving the data for that module.) When you save a system, you save all the
setup information for the system, including data window display settings, and all
the module information, as well.

System

Data Windows

General Settings
Module 1 Module 2 Module n
Setup Setup ...| Setup
Trigger Trigger Trigger
Data Data Data

Figure 2-5: Logic analyzer conceptual model
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Intermodule Interactions and Time Correlation

Listing-Data Concepts

2-6

Each module has its own setup, trigger, and clocking functions. (Logic analyzer
modules can include microprocessor support as part of their setup.) Each module
also acquires and stores its own data.

When you start an acquisition, all modules start acquiring data together.
(Exceptions are when one module has been programmed to arm another or when
a module has been turned off.) Modules stop acquiring data individually,
according to their trigger programming. You also have the option of setting the
logic analyzer to operate in repetitive mode, in which the modules acquire data
and update the data windows continually until you manually stop the acquisition.

Modules readily communicate with one another by means of their trigger
programs. You can specify functions such as the following:

®m  Trigger all modules (system trigger)
®  One module arms another
B Modules respond to events declared by another module (internal signals)

After the modules have captured and stored data, you can view the data in a
Listing or Waveform window. All data is time-correlated in the display,
regardless of its source. Due to the precise time stamp information stored with
the data, and the tightly-integrated communications between modules, the logic
analyzer interleaves data acquired from various sources. Because time stamp
information is always stored with the data, you can also compare saved data and
current data with no loss of accuracy.

MagniVu data is also time-correlated with regular data. Because MagniVu data is
always present, you can easily compare a normal acquisition with the MagniVu
counterpart.

In many cases, you will use the logic analyzer to observe the data flow in the
target system. The data recorded by the logic analyzer can be displayed in a
listing format, as shown in Figure 2-6.

Listing data is a table of sequential operations performed by the target system. In
the Listing window, each data sample is displayed sequentially. Because each
data sample includes time stamp information, it is a straightforward process to
display acquisitions from multiple data sources. Samples from all specified data
sources are interleaved in chronological order. For clarity, each line in the table
represents a single data sample from a single data source.
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You control the presentation of the data by selecting the display radix of the
columns. You can also make other format selections such as font size, color, and
column width. You can use filters to display only specific data or to not display

specific data.
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ry 68340 My 63340 =
B
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Figure 2- 6: Listing data

You can include data acquired by the external oscilloscope in the Listing
window. As with any module, the data samples from the oscilloscope are

time-correlated with the other data and appear on separate lines.
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Microprocessor Support

For microprocessor applications, the acquired data can be disassembled back into
the assembly language mnemonics used by a particular microprocessor.

Figure 2-7 shows an example of the disassembled mnemonic display format.
Microprocessor support usually requires a special input probe dedicated to a
specific microprocessor.
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My E8340 93 = My B340 116 = Delea Times: |5.6250s 5
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Sample |‘ Addre=cs Data T ime=tamp "
= o | o0o0laoc [T [ EE&D 1 3] -a7 524000 w !
1 | 00001320F ao0s { BEAD 1 &3] -37_154.000
z | O0E04E3IE 5350 SUEG.L #1.D0 &3] -E6_TT8.000
z | onE0aazn 4250 T3T.L DO &3] -36 404000
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) onGE0 @3 18 oooo [ EXTEN3ION ) [31 —2%_15% 500 I
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Figure 2-7: Listing data using a microprocessor support package

High-Level Language (Source Code) Support

You can correlate the high-level language (HLL) source code that you wrote with
your code as it was executed on your target system and acquired by the logic
analyzer. The correlation is based on symbolic information that is extracted from
your object file or load module. You configure the logic analyzer to access your
source files.

You can step through each executed source statement in the Source window and
view the results in a correlated Listing window. You can also set user-defined
marks as break points within the code and then trace the execution of the code
between the marks. Figure 2-8 on page 2-9 shows an example of viewing
source code in a Source window, while Figure 2-9 shows the actual acquired
data in an associated Listing window.
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Figure 2-8: High-level source code
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Figure 2-9: Source code viewed as acquired data

The logic analyzer supports a wide variety of object files including IEEE695,
OMF51, OMF86, OMF286, OMF386, OMF166, COFF, Elf/Dwarfl and
Dwarf2, Elf/Stabs, and the TLA Symbol File (TSF) format (a text format). Refer

to the online help for information on the TSF format.
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Waveform Data Concepts

2-10

You can use the logic analyzer to observe the timing relationships between
signals by displaying the recorded signal activity as a series of waveforms in the
Waveform window. Figure 2-10 shows waveform data from a logic analyzer.

@Wavefﬂrm 1 M=l
= Lo A = ] + 0] [livesmiv: [ins 7] |y

C1:-G0ns s e ETE = DekaTime: [100ns = I LockDeta Time
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JSTART: Mag Sample
1START: Mag_Address
QSTART: Mag_Data
QSTART: Mag_Control
START: Mag_DataSize
O5TART: Mag_Misc
Q5TART: Sample
O5TART: Address | FFRFFFFF [ T
Q5TART: Data ~ | FFFF__ ||
OSTART: Control
O5START: DataSize
QSTART: Misc
Kl
&

Figure 2-10: Waveform data

Each waveform is initially displayed in a separate track, but all waveforms are
time-aligned horizontally and displayed in the same time per division. The
inclusion of time stamp information with the stored data samples makes it easy
to display time-correlated acquisitions from multiple data sources.

You control the horizontal scale of the acquired data in the display. (You do not,
however, change setup parameters by changing settings in the waveform
display.) You can change the channel group radix, waveform color, and
waveform height. Like the Listing window, you can also use filters to display
only specific data or to not display specific data.

When viewing logic analyzer data, you can view the data as individual channels.
You can also display the logic analyzer data in groups of channels known as
busforms. Use the busforms to display when data changes with respect to clock
or control signals. Another method of displaying logic analyzer data is to overlay
waveform channels. Use overlay waveforms to visually compare two or more
waveforms at the same time.

When you are interested in displaying the value of a group of channels over a
period of time, you can use magnitude mode. For example, using magnitude
mode, you can view the channels connected to a 16-bit digital counter. The
magnitude waveform appears as a sawtooth waveform as the counter values
increment from the minimum value (00) to the maximum value (FF).
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Logic Analyzer A logic analyzer waveform appears to have zero-length rise and fall times. This
Waveforms Versus is because the logic analyzer is recreating the waveform from the samples stored
Oscilloscope Waveforms in its memory, which are either ones or zeros.

No electronic signal is perfectly digital in nature; there is always some analog
component. Consider a fast-rising pulse with ringing on the front edge, or
glitches that can occur in a noisy circuit. If you suspect problems caused by
analog signal characteristics (such as signal voltages higher or lower than
specified voltage levels, or slow transition times), you can use the iView external
oscilloscope to observe the voltage characteristics of the signal. Figure 2-11
shows where the oscilloscope captured a runt pulse that was below the logic
analyzer’s threshold.

Elfranayss @
(6] 5[] 5] FIS] <[t|wfmeov o =1 B[
C1: [-4.867ns = oz |288ms = DelaTime [2ns =
My DS0: FF_Q-0UT CT: 416.1m 2 1.408 Delta: 931.9m

JAnalgzer: Samele sl

J Analzzer: FF-CLE.

Mz Analzzer: FF-D
Iy Analyzer: FF-0

Figure 2-11: Using the iView external oscilloscope to capture a runt pulse

Sampling Resolution  The accuracy of the waveform depends on the sample clock rate used to record
the incoming signals. This is due to the fact that the waveform recreated by the
logic analyzer is based on the sampled signals stored in its memory. If the
sample clock rate is too slow, the recorded data will produce an inaccurate
display. Figure 2-12 shows how the sample clock rate can affect a logic analyzer
waveform.
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Signal Resolution and
Signal Duration

Example 1: Slow sample clock

Original waveform | | I A
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Example 2: Fast sample clock

Original waveform | [
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LT
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Sampleclock‘Lf‘LH‘%‘LH‘%
N R A
Ll Ll
Pl L]

Displayed waveform

Figure 2-12: Logic analyzer sampling resolution

There is an important trade-off between the resolution of the recorded signal and
its duration in terms of elapsed time. Because the total number of samples that
can be recorded by the logic analyzer is fixed by the depth of the logic analyzer’s
acquisition memory, increasing the sample clock rate provides better signal
resolution at the expense of reducing the duration of the captured signal. That is,
a faster sample clock rate will record a smaller portion of the signal, but with
better resolution; or, you can trade channels or depth to maintain higher
resolution.

It is important to remember that you have two additional tools for the TLA7Lx/
Mx/Nx/Px/Qx logic analyzer modules and TLA600 series logic analyzers. If you
have a TLA7Axx, TLA7NAX logic analyzer module, or a TLA5000 series logic
analyzer, you have three additional tools to offset the signal resolution/signal
duration relationship:

® By using the MagniVu data feature, you can view high-resolution data
centered about the logic analyzer trigger. This allows you to zoom in on the
data of particular interest while still maintaining visibility of a more
extended signal duration.

® By using Internal 2X Clocking mode, you can trade one half the channels for
twice the resolution and twice the memory depth. The 2X Clocking mode is
only available with the main timing (not with the MagniVu data feature).
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® By using Internal 4X Clocking mode available for TLA7Axx/TLA7NAx
logic analyzer modules and TLAS5000 series logic analyzers, you can trade
three-quarters of the channels for four times the speed and memory depth.
The 4X Clocking mode is only available with the main timing (not with the
MagniVu data feature).

Preventing Aliasing  Under certain conditions, an analog waveform can be aliased on screen. When a
waveform aliases, it appears on screen with a frequency lower than the actual
waveform being input or it appears unstable. Aliasing occurs because the
instrument cannot sample the signal fast enough to construct an accurate
waveform record. (See Figure 2-13.)

Actual high-frequency ———
waveform

Apparent low-frequency ———
waveform due to aliasing

Sampled points ——

Figure 2-13: Aliasing

To check for aliasing, increase the sampling rate (decrease the clock sample
period) in the module Setup window. If the shape of the displayed waveform
changes drastically or becomes stable at a faster clock sample period setting,
your waveform was probably aliased.

Although the principles of sampling theory define a minimum sample rate of 2X,
a good rule of thumb is to choose a sample clock rate five times faster than the
speed of the fastest signal being measured. A faster sample clock rate results in a
more accurate reconstructed waveform.

Displaying Waveforms = Waveforms are rarely displayed at an exact one sample point per pixel. Wave-
forms are usually displayed in a compressed or expanded format. As a general
rule, waveforms are compressed when the time per pixel is greater than the time
per sample clock. Waveforms are expanded when the time per pixel is less than
the time per sample clock.

For compressed oscilloscope waveforms, the display shows the lowest and
highest point that occupy a given pixel column joined by a vertical line. For
expanded waveforms, the display points between the actual sample points are
calculated.

For expanded oscilloscope waveforms, Sin(x)/x interpolation computes the
display points between the actual values acquired.
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High-Speed Timing

Detecting Violations

The logic analyzer provides high-speed timing support through MagniVu data.
The MagniVu data is stored in a separate memory that is parallel to the main
memory. All data from the sampler goes directly to the MagniVu memory. The
MagniVu memory also works like a circular buffer. Unlike the acquisition
memory, the MagniVu memory does not qualify data storage through the trigger
function block.

MagniVu data is continuously acquired on all channels at the fastest sample rate
of 500 ps for TLA7Lx/Mx/Nx/Px/Qx logic analyzer modules and TLA600 series
logic analyzers, and 125 ps for TLA7Axx/TLA7NAx logic analyzer modules and
TLAS5000 series logic analyzers. Like normal acquisition data, MagniVu data can
be displayed in the Listing or Waveform data windows. For TLA7Lx/Mx/Nx/Px/
Qx logic analyzer modules and TLA600 series logic analyzers, the MagniVu data
is centered on the logic analyzer trigger in the data window. For TLA7Axx/
TLA7NAX logic analyzer modules and TLAS5000 series logic analyzers, the
trigger position for MagniVu data is variable; you control the MagniVu trigger
position by a set of controls in the advanced toolbar. See MagniVu Data on page
3-85 for additional information.

One of the logic analyzer’s most useful features is its ability to detect and trigger
on both signal glitches and setup and hold violations.

A glitch is a signal that makes a transition through the threshold voltage two or
more times between successive acquisition samples. Because glitches are often
signal transitions that occur intermittently, they can cause circuit malfunctions
that are extremely difficult to diagnose.

Although you could try using a very fast sample clock rate to ensure that you
never miss any glitches, a better solution is to use the glitch-detection feature.
The logic analyzer can trigger on a glitch, either alone or in combination with
other signal events. This capability is useful for catching intermittent glitches
that might not occur very often or appear only when a particular operation is
taking place.

You can capture noise spikes and pulse ringing using the glitch capture feature.
Figures 2-14 and 2-15 show data captured by triggering on a glitch. In the
Waveform window, a glitch captured by the logic analyzer is indicated by a band
of color. (See Figure 2-14. For clarity, an arrow identifies the glitch in the
figure.)

A setup and hold violation is a data signal that transitions within the setup and
hold time period. You can identify setup and hold violations by looking at each
clock edge and reviewing all relevant data signals. However, it is more efficient
and reliable to use Setup/Hold triggering to identify violations.
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You must select the correct clocking mode to use either the glitch detection or
the setup and hold violation features. Choose internal clocking to use glitch
detection; choose external clocking, source synchronous clocking, or custom
clocking to use setup and hold detection. For information on glitch storage, see
Selecting the Acquisition Mode on page 3-18.

[l MAG_FF-anlys !IEII!{
»§|g+| i |E| 2| ak|ew| |88 ] [fimemiv [0 =] n,mg|§5|
Cl: [14.8ns = £z [ = DelaTime: [ans =

alyzer: Mag_Sample  C1: Cz Delta:

4 a

Faa 500 d= 47 900 b= B
:IZE[: Maasamele IIi-I.IIII-II.-IIII-::-IIIII,I-II-IIIIIIIIIIIIIIIIIflllIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.}IIII-IIIIIIJI:-:III,I-IIIII!

pzer: Mag FF-CLE.
1algzer: Mag FF-D

aalyzer: Mag FF-0
zer: FF Q-OUT(O

Figure 2-14: Logic analyzer triggering on a glitch
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Figure 2-15: Oscilloscope triggering on a glitch
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Performance Analysis Concepts

2-16

For performance analysis applications, you can use the Histogram window to
view the performance of your software. The actual data is displayed as horizontal
bars in a histogram.

You may want to use the Histogram window to see which one of your software
routines is taking up most of the CPU time. Or, you can use the Histogram
window to measure the amount of time used by a particular subroutine. You can
use a symbol file to view each of the routines by name.

Figure 2-16 shows an example of the Histogram window where the StopLite
routine is taking up most of the computer resources.

[ Histogram 2 =]

alal ) O

Percertages: Bazed O IMatched Samples j 4516

Range | Count| % | Z0% |

stopLite 898 19. 34 I ;
enqueLe 8227 18.31 -~
dequeue 695 15.39
queueFull E10 11, 20 D
queueEmpty 483 10, 70
lightLeds 282 £« 24 I
rear 266 5. SS9
front 244 5 .40
LECwrite 207 455
fputc 26 0O.581
_uprint 24 0.531 |l|
4] Yy

Figure 2-16: Viewing the performance of code with a Histogram window
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Comparing Acquired Data Against Saved Data

You can use the logic analyzer to compare acquired data against saved reference
data. Use the Setup menu to define the data channels that you want to use during
the compare operations. You can further define the number of samples that you
want to compare as well as data alignment offset.

In the Listing and Waveform windows, you can use color to quickly identify the
compared data. You can set up one color to show where the acquired data does
not equal the reference data. You can use another color to show where the
acquired data equals the reference data.

Figure 2-17 shows a Listing window during a memory compare operation.
Notice that some of the data under the LA 2 A2 column appears in a different
color, indicating that there were differences between the acquired data and the
reference data.
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Figure 2-17: Using color to show memory differences in a Listing window
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Repetitive Acquisitions

2-18

Use the Repetitive acquisition features of the logic analyzer to automate
repetitive and time-consuming tasks. For example, you can specify the number
of times that you want the logic analyzer to acquire data. With each acquisition,
you can save the data to a file for analysis. You can also set up the logic analyzer
to open a file or execute a program when all of the acquisitions have been
completed.

You can set up the logic analyzer to acquire and compare the acquisition data to
known reference data. The logic analyzer can continue acquiring data until there
is a mismatch between the acquisition data and the reference data.

Figure 2-18 shows an example of such a setup where the acquired data is
exported to a file for each acquisition. When a data-mismatch occurs, the logic
analyzer stops acquiring data and exports the data to a file. The faulty data can
now be analyzed by another application.

Repetitive Properhies BE
— &fter Each Acquisition

IV Save —IE:-cportData j—l’rom ﬂLED Errar j

T File: ILED Fault ek Browze. . |

& Save in zame file each acquisition.
" Save in new filz each acousition.  Starting file Suffis: |1

[ Stop if Compare with Reference iz INDI Equal "| on QSTART
[ Stop After |1 Acguizitions

—'when Stopped
I~ {Open:

Open... |
Ok I Carcel | Help |

Figure 2-18: Defining repetitive setups
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Data Filters

The logic analyzer normally displays all data acquired by the probes from the
target system. Often times, it displays data that you are not interested in. You can
use data filters to display only the data that you want to see in the data window.

You can define one or more data filters to do the following:

®  Hide specific data. For example, you can define a filter to not display data

when all of the data in a channel group is equal to FFFFE.

®  Show specific data. For example, you can define another filter to show data

from a specific address.

®  Color specific data. For example, you can define a filter to display data to

another address with a specified color.

Filters are saved as part of the module setups. You can load filters when you

need them. You can also edit and rename filters.

Filters can be very complex or very simple. The filter definitions are very similar

to trigger definitions. Figure 2-19 shows an example of a filter definition.

i Define Filter - LA 1 - Filter

Module - Filter: |m 1 - Filter =l [V Enable this Filker
Description: | |
IColor Yl A—III E when [[CROAND A3[7]) OF Timestamp]
IGroup ;I I'CKD j |= j Il_ ﬂl
IChanneI LI |.°.3(?') ﬂ Ch_lan I 1 =l
ITimestamp ;I |= ;I |5ns :I Ibefore Trigger ﬂ
(84 I Cancel | Apply Laad Filkst ... Help

Figure 2-19: Filter definition
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Symbol Support

2-20

Symbols simplify tasks, such as setting up triggers or identifying specific values
within the data. When you program a trigger or view data, it is cambersome to
remember which numeric channel group values correspond to particular machine
instructions or code modules. The logic analyzer makes this task more manage-
able by allowing you to assign symbolic names or mnemonics to group values.

For example, assign the symbol WRITE to the control bus event that causes the
target system to write to a memory location. Then, if you want to trigger when a
write cycle occurs, enter WRITE in the trigger program in place of the actual
data value. You can also choose to have WRITE appear in the Listing window
for quick identification of the instruction.

In Figure 2-20, the example shows a trigger program that uses the symbol
BUS_ERROR as part of the trigger clause.

T Trigger: QSTART ol
D-[Lop[Sy| shaftt] % (B[] stosge [an <] TiggerPos — y—

m:: Stake 1 |If Event A, Incremant Counker 1.
Fun

Group Address =BUS_ERROR
Then| GoTo2
State 2
State 2 |

f| Channel ALT_BUS_D = High

| v

Tharn | Trnaar Al kdadilan ~
Figure 2-20: Using symbols in a trigger program

You can use symbol files with a Source window and an associated Listing
window to track the execution of source code. The symbol file provides the
information to associate a line of source code to an address in a Listing window.
When you move a cursor in one window, the symbol file provides the necessary
information to move the cursor to the correct location in the other window.

Often, the application software will define symbols for you. For example, when
you load a microprocessor support package, symbols are also loaded (typically,
to the control group). These symbols represent data values that correspond to bus
cycle types. Other software applications produce range symbol files which you
can load (typically, these files are loaded to the address group).
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Symbol Files

To use symbols, you must first load or create one or more symbol files that
define the symbols. Symbol files contain symbol names and their associated data
values. You can use symbol files created by another application, edit symbol files
from other applications, or you can create your own symbol files using a text
editor.

Each entry in a symbol file consists of an alphanumeric symbol name with its
associated numeric value or range of values. After you create a symbol file, you
can specify the symbol file for the appropriate channel group in the Waveform or
Listing window, use symbolic names as a substitute for numeric values in the
Trigger and data windows, and use symbols for tracing source code in a Source
window.

Symbol files perform like look-up tables. For example, if the address of a printer
I/O port is at address F734BC, you can define a symbol, printer-port, that
corresponds to that value. Then, in the Trigger window, you can specify the
symbol name as an event in the trigger program and cause the module to trigger
when printer-port (F734BC) appears on the address bus. You can also specify the
symbolic display radix for the address channel group and the symbol name
printer-port will show in the Listing window every time F734BC appears on the
address bus.

Symbol Types. Two main types of symbol files are possible: pattern symbol files
and range symbol files. Range symbols can be further divided into three different
categories: functions, variables, and source code (source). Table 2-1 shows the
different types of symbols and the windows where they are commonly used.

Table 2-1: Using symbols in logic analyzer windows

Range symbols
Window Pattern symbols Functions Variables Source code
Listing Yes Yes Yes Yes
Waveform Yes Yes Yes Yes
Histogram No Yes Yes No
Source No No No Yes
Logic Analyzer Trigger | Yes Yes Yes Yes
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Pattern Symbols. Pattern symbols consist of data patterns up to 32 bits. Each bit
in a pattern symbol can be 0, 1, or X (don’t care). Pattern symbols are used when
a group of signals define a logical state. For example, a microprocessor has a set
of pins that indicates the type of bus cycle in progress. A memory read cycle is
indicated when the RD~ and MREQ~ pins are 0 (logic low) and the BUSAK~
and M1~ pins are 1 (logic high). You can define a pattern symbol name called
mem-read that corresponds to bit pattern 1100 and thereby mark all memory read
bus cycles in the Listing window. For other bus cycles the logic state of these
pins is also important and you can define different bit patterns for each cycle

type.

Figure 2-21 shows pattern symbols used in a Waveform window.

W’ave[olm 3 M= 3
+£(0.] % [B| 2| e <08 [rmeiv 200 =] D[ TH
ci: [os = e ET = DekaTime: [5ons =] ‘

Address C3FFE4

Diata NHI 7

Figure 2-21: Waveforms using pattern symbols

Range Symbols. Range symbols define a range of 32-bit addresses represented by
a contiguous set of integers, marked by specific lower and upper bounds. The
different types of range symbols are discussed in detail in Appendix B TLA Sym-
bol File Format.

When defining a range symbol file, do not overlap ranges of values. If ranges
overlap, they may not be recognized. For example, if SYM1 covers the range
1000-3FFF, and SYM2 covers 2000-2FFF, then the values in range 2000-2FFF
may be recognized as either SYM1 or SYM2, and the values in the range
3000-3FFF may not be recognized as SYM1 at all.

The range symbols shown in Figure 2-22 define subroutine boundaries.
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Figure 2-22: Listing data using range symbols

Symbols Dialog Box  Use the Symbols dialog box to provide an overview of all currently loaded
symbol files (see Figure 2-23). You can display information about all symbol
files currently used by the logic analyzer.

The following status information is available for each currently loaded symbol
file:

®  The last time the file was loaded into the logic analyzer application software.
It also includes error and warning messages associated with the last load.

B When the file was last modified. The logic analyzer also displays a message
if the file may need to be reloaded (such as when the file is modified after it
was first loaded).

®  The format of the loaded file.

m  [f the file can be unloaded or if the file is currently in use. Symbol files can
only be unloaded if no data windows or setups are using them.
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Figure 2-23: Symbols dialog box

The following information is displayed in the Symbols dialog box:

®  Whether the file is a pattern symbol file or a range symbol file. If the file is a
range file, this field also lists the types of symbols loaded.

®  The number of symbols loaded from the file. Symbol files can have an
unlimited number of symbols. The number of symbols is limited by the
amount of memory. When you load a symbol file, the symbols are placed in
memory. Because symbol files consume memory, you should unload unused
symbol files to keep memory available for your main application.

B The number of source files referenced by source code symbols loaded from
the file.

B The minimum and maximum address values and offset information.

Click the Load button (see Figure 2-23) to open the Select Symbol File dialog
box and load a new symbol file. You can browse the file system for the symbol
file. If the symbol file is a range file, you can click the Options button in the
Select Symbol File dialog box to open the Load Symbols Options dialog box.

Click the Export button to save the current file as a TSF-format symbol file. You
can view the exported symbol file with applications such as Wordpad. Edit the
symbol file by saving it under a new name and using a text editor. Save the
edited file in text format. You can then load the edited symbol file.
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Load Symbols Options ~ Use the Load Symbols Options dialog box (see Figure 2-24) to specify options
Dialog Box  for range symbol files before loading them into the system.

Load Symbols Options 2=

File Format: j

— aymbol Type:
[¥ Functions ¥ Vaiables [ SowceCode W Color

— Load Limit

Bound 1 [Hex): I[I
Bound 2 [Hex} IFFFFFFFF

—[ffzet Loaded S ymbols
¥ Default Offzet (Hex): +0
" Custom Offset [He): |ﬂ«dd x| o

Cancel | Help |

Figure 2-24: Load Symbols Options dialog box

Select one or more of the symbols types to load. If you want to use the symbol
file with the Source window, you should click the Source Code check box.

You can enter a decimal number for the maximum number of symbols to load.
The maximum number of symbols that you can load is limited only by the
amount of memory available. The file loads symbols until the specified
maximum number of symbols is reached. Additional symbols are ignored, even
if they fall within the Bound 1 and Bound 2 range limits.

The Bound 1 and Bound 2 fields define the range of symbol addresses that will
be loaded. You can enter any hexadecimal values from O through FFFFFFFF.
Symbols with values outside of these limits are ignored and will not be loaded.

NOTE. If the lower bound of the range symbol is within the Bound 1 and Bound 2
limits and the higher bound is not, the entire symbol will be valid. However, if
the higher bound is within the Bound 1 and Bound 2 limits and the lower bound
is not, the entire symbol will be ignored.
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Select either Default Offset or Custom Offset to apply an offset to the symbol
values. If you select Default Offset, the default offset is read from the source file
and applied to each symbol in the file as it is loaded. If you select Custom
Offset, you can add or subtract the specified offset value to each symbol in the
file as it is loaded. You can choose any 32-bit hexadecimal value from 0 to
FFFFFFFF.

When you enter bound values, enter the values without an offset value. If your
application adds an offset, you must subtract the offset value before you enter the
bound values.
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The System Window

The System window gives an overview of the logic analyzer configuration,
arming, and triggering relationships. The System window also indicates whether
logic analyzer modules are merged and whether an external oscilloscope has
been set up. See Figure 3-1.

A black arrow from one module to another indicates that one module is set up to
arm another. Figure 3-1 shows the merged logic analyzer module arming the
oscilloscope module.

A module that is programmed to cause a system trigger has an indicator symbol
on the right edge of the module graphic.
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merged modules
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S

Data source indicator

Figure 3-1: System window

You can use the System window as a quick navigation tool.

®  To open a module Setup, Trigger, or Program window from the System
window, click the Setup or Trigger button in the module icon.

B To open a data window from the System window, click the data window
icon.
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If you are not using a module, you can disable it by clicking the module On/Off
button. When you disable a module, make sure that no other trigger programs
depend on that module output.

You can rename the windows by selecting the current window labels and
overtyping. Names must be unique and are limited to the space available.

If you are unsure which physical module is represented by an icon, double-click
the icon to open its System Properties tab. This property tab lists information
about the module, including the mainframe slot numbers in which it is installed.
(Slot numbers are indicated on the mainframe.)

Setting Up the LA Module

The primary function of the Setup window (see Figure 3-2) is to configure the
logic analyzer for compatibility with the target system. This is where you specify
channel groups, set thresholds, and select the sample clock rate. Additional
selections configure the logic analyzer for best compatibility with the type of
data you want to acquire.

Before you acquire and display data, you must first set up the logic analyzer
using the Setup and Trigger windows. Together, these windows determine the
data to be acquired.

Each module has its own Setup window and Trigger window, and each is set up
individually. You should configure the Setup window before the Trigger window,
because some of the Setup window settings affect Trigger window selections.
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Figure 3-2: Logic analyzer s