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K101-D preface

PREFACE

Congratulations on purchasing the Gould Biomation K101-D Logic Analyzer.
Your new instrument is a high-performance, state-of-the-art tool,

optimized to help you solve digital system problems quickly and easily.

This Operating Manual contains instructional and reference material on
the K101-D. Section 1, the General Introduction, describes the

information in this manual and explains the organization.

The Operating Manual is meant to be the single reference necessary for
use of the K101-D logic analyzer. It gives detailed operating and
specification information. Tab dividers and special sections are

provided for the insertion of related literature and new information.

A related publication, the Gould Biomation K101-D/K102-D Logic Analyzers
Users Training Guide, presents an instructional course on the K101-D ana
a related logic analyzer, the K102-D. The Training Guide has more
extensive concepts and examples. Its material includes step by step

procedures.

Although the two manuals overlap, they are complementary rather than
substitutes for each other. The Operating Manual is an essential
companion to the K101-D; the Training Guide can be exceeaingly useful,

especially for the new user.
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Section 1

GENERAL INFORMATION

1.1 INTRODUCTION

This manual is designed to systematically acquaint you with the features
and operation of the Gould K101-D Logic Analyzer. The text describes
basic building blocks for test operations, which can be combined in a
number of ways for different applications. These building blocks will
make it easy for you to use the K101-D to solve a variety of
hardware/software problems. Once you become familiar with the basic
operations of the K101-D and the test operation building blocks, you
will be able to create the exact configuration necessary to solve your
specific problem in a fraction of the time that other techniques now
require.

The K101-D can record and analyze both digital data patterns and timing(
information. The data can be displayed to show both timing and logical
relationships in a variety of formats. As-you use the K101-D, you will
be able to obtain new perspectives on the nature of the problem you are
investigating. This in turn will often lead you to powerful insights

into the actual causes.

You will find that it is relatively easy to use the K101-D. When the
basic approach and capabilities of the K101-D are understood, the
details and ramifications of how it can be used fall into place. The
manual focuses on the way the individual building blocks provided by the

instrument can be combined to provide insights for problem solution.
The K101-D is a tool for problem solving; you have to decide how to use

this tool. You should be familiar with the K101-D and with the system

that needs to be analyzed. In some cases, a two-person team, one strong
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in hardware and the other in software, may make especially good use of
the K101-D.

1.2 GENERAL DESCRIPTION

The K101-D is a high performance, general purpose, digital test
instrument designed to offer users powerful capabilities to examine real
time execution of program flows; system timing characteristics; the
interaction of system elements; and hardware/software integration and
verification. Applications include hardware and firmware design and

debugging, automated test equipment, field service, and education.

1.2.1 INFORMATION FLOW

Logic analysis emphasizes selected or meaningful data, rather than raw
data. Therefore, when the term "data" is used in this manual, it
generally refers to selected data. The theme of this manual is how to
turn raw data into meaningful information. In Figure 1-1 the term

"information" is used to emphasize this theme.

Figure 1-1 shows the general flow of information and control in the
K101-D, and how the user controls the information flow. First, the
user selects the desired data and clocking signals to be examined. The
raw data are collected with the K101-D probes and entered into the
sample registers and data pipelines. When necessary, the data are
delayed and aligned to present a meaningful combination. The trace
control logic can be used to evaluate the selected data according to
criteria set by the user. Based on that evaluation, selected
information is shifted into high speed main memory. At the end of the
recording process the selected information in main memory is copied

automatically to display memory A.
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Figure 1-1. Flow of Information and Control in the K101-D Logic

Analyzer.
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The basis of selection can be simple or sophisticated. It is possible
to program the instrument to evaluate several million events and select
only a crucial half-dozen or so of those events for later examination.
This process is accomplished by specifying a chain of unique inter-
actions of time and data patterns that define the desired information
capture.

As Figure 1-1 shows, reference memory B is the same size as display
memory A. The user can choose to enter information into memory B from
memory A, from a keyboard, or from a communications link. The reference

memory is available for comparison with the information in memory A.

In the next step the user analyzes the information. The recorded events
in display memory A are examined to see how the captured information
corresponds to what was expected. The user can (a) search through the
events for certain patterns or relationships, (b) measure time relations
between events, and (¢) compare prior events in memory B with current
ones in memory A. Each sampled input that meets the trace
specifications and remains in memory is available for analysis.
Therefore, it is possible to look beyond the trace specification fields

to examine related information or find unexpected relationships.

The process is both iterative and interactive. The user may want to
develop a design, verify system functioning, troubleshoot a problem, or
set up a long exercise and look for possible trouble. The user sets up
the K101-D to sample the desired signals, selects the trace criteria,
displays the captured events, and analyzes them. The user then factors
in what has been learned and repeats the cycle until a solution is

reached.
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1.2.2 APPLICATIONS FOR THE K101-D

Although sequential triggering is sufficient for many hardware
applications, it has limitations when applied to microprocessor- and
software-oriented work. Without multiple levels of trace control, it is
very difficult to follow the execution of separated, interactive, or
deeply nested subroutines in order to isolate the exact timing or
program activity that you want to record. The K101-D has 16 levels of
trace control. There is also a need for some method of following
program branches and program restarts without filling record memory with
unwanted data. With its concurrent logic (the commands to ADVANCE,
JUMP, STOP, and conditionally TRACE), the K101-D can effectively address

these and many other problems.

The K101-D can be used effectively throughout the development, produc-
tion, and service phases of programs for almost any digital system (see

Figure 1-2). Some of these uses are listed below.

a. During development of hardware: to check timing relationships
(the rise and fall of signals in proper sequence), to detect
glitches, to verify data execution paths, and to record

desired information.

b. During development of software: to check portions of the
software that are hardware dependent; to check timing
relationships for writing commands to devices and reading data

or status from devices.

c. During integration: to verify individual functions and
troubleshoot the system. In the final stages of integration,
when problems become more subtle and intractable, the K101-D
can be used to isolate and trace a wide variety of obscure
difficulties. This instrument allows you to thoroughly
investigate the complex relationships between the hardware and

software.
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Figure 1-2. Using the K101-D During System Design and Production.
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d. During final test the K101-D can be incorporated into the test
setup to monitor performance. The unit can be set to cycle
automatically, testing and retesting day and night, checking

for erroneous operation.

e. During production: to test and verify performance.

f. During service, two K101-D analyzers can be coupled via a data
link so that a technician at a remote site can consult with
the home office or other authoritative technical source to

resolve unusually difficult problems.

1.3 OVERVIEW OF THE MANUAL

This manual is organized to assist you with the different phases of
system problem solving, starting with an initial statement of the prob-
lem, followed by collection and analysis of system data, and leading
either directly to a solution or to successively more precise restate-

ments of the problem to guide further testing until a solution is found.

Since the K101-D allows you to solve many system problems in a fraction
of the time required by less sophisticated instruments, you may find
that you do not use your K101-D every day. This manual is designed so
that you can quickly recover your familiarity with the K101-D by refer=-

ring to the appropriate sections of the manual.

For convenience, the sections of the manual can be thought of as groups.
This section, General Information (Section 1), gives general in-
formation about the functions and applications of the K101-D. Section 2
(Principles of Logic Analysis) develops those principles with reference
to the K101-D. Sections 3 and U4 (Detailed Description ana User Controls
and Displays, respectively) describe in detail the functions of the

logic analyzer and how to make use of them from the front panel.
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At the heart of the manual are Sections 5 through 7: Specifying
Recording Parameters, Making a Recording, and Recording Analysis,
respectively. These three sections explain how to set up the recording
conditions, control the recording process, and analyze the results.
They present the practical development of themes in the second section,
Principles of Logic Analysis.

Section 8 (Applications) contains detailed, worked out examples of
clocking and trace control. It starts with very simple examples and
gradually builds up to complex ones. Section 8_helps to consolidate the
knowledge presented in prior sections and is of great practical help in
learning how to use the K101-D.

Section 9 (Communications) is a complete, self-contained explanation of
the two communication modes useable with the K101-D. It explains the
process of communication and how to operate the logic analyzer remotely.

Section 10 (Measurement Confidence) explains the Self-Test, Power Up
Test, and the Probe Test. The Self-Test allows the user to check the
device with the equivalent of the quality assurance test performed in
the factory. The Probe Test is far more than a basic checkout of the
probes. It uses an internal pattern generator to allow stepping through
a variety of sequences of sampling, recording and analyzing data.
Because the patterns are known, using the capablities of the Probe Test
is an excellent way to learn to use the K101-D.

The last six sections of the manual, Sections 11 through 16, are
entitled Related Literature, Reference Material, Glossary, Input
Connection Guide and Setup Guide, Index, and Accessories, resbectively.
Related Literature provides a place for material such as application
notes and copies of magazine articles.

The glossary gives useful explanations of terms and also provides a
conceptual overview that shows how some of the basic concepts are
interrelated.
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Section 2

PRINCIPLES OF LOGIC ANALYSIS

2.1 OVERVIEW

The problems that can be solved with the K101-D range from very simple,
obvious symptoms to extremely complex and subtle patterns of system
behavior. Despite the potential complexity of the problems that can be
investigated, the basic process involved in using the K101-D is
straightforward. A conceptual diagram of this process is given in
Figure 2-1.

As you may anticipate, you need to know (a) something about the way the
system to be analyzed is expected to behave, (b) some details of the
system hardware and software, and (¢) how to use the K101-D. You do not
need to know "everything" about these items. 1In fact, you learn as you
go.. In the basic process you can build upon your current knowledge, try
something with the K101-D, then refine your original analysis. This is
an iterative approach and is depicted in Figure 2-2. Notice that each
time you analyze the problem, the data collected with the K101-D add to

your base of knowledge and lead you to the solution of the problem.

Remember that the K101-D does not solve the problem. It is a tool for
problem solving; you must define how to use the tool. This manual is
designed to assist you in using the K101-D in practical applications.
The material is organized with respect to the three categories of effort
as defined in Figure 2-1: setup and data collection, data reduction, and

data organization.

Logic analyzers are a class of instruments specifically designed to
simultaneously monitor and record digital information from several
different signals over a number of consecutive time periods. Introduced

in 1973 (less than three years after the first microprocessor), these
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Figure 2-1. Basic Process for Using the K101-D Logic Analyzer.
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instruments can sample digital data transitions synchronously to obtain
data domain (logic state) recordings of program activity, or
asynchronously to obtain time domain recordings of signal pulse widths
and relative timing skews. The K101-D incorporates powerful data
formatting, search, and compare functions to assist you in analyzing
recorded data. Such data recordings show dynamic software execution in
the system under test and provide complete information on the types of

instructions executed.

2.2 CAPABILITIES AND TOOLS OF THE K101-D

2.2.1 SPECIFYING THE RECORDING PROCESS

There are two basic recording modes at your command: recording based on
a triggering event or based on a delay. These modes can be used
together. When making a recording based on a triggering event, the
recording can precede, surround, or follow the event. This feature is
useful for determining the results of an event, or which event led to a
fault. Delayed recording enables you to record information that occurs
after a trigger event. This recording method is similar to delay sweep
triggering on a scope; however, the logic analyzer’s delay intervals are
much more precise because they can be controlled either by clock pulses

or by repetitions of a trigger event.

When we discuss trace control logic later, we will show how these two
basic approaches can be combined in a group of specifications that
allows the user to define a complete procedure for monitoring events
within the system under test. The conditions for monitoring and for
tracing can be defined to follow the expected course of events in the
system under test and to follow bypaths when unexpected events occur.
Trace control is specified independently of the monitoring logic, so
that you can, for example, not trace when all is proceeding as expected
and trace when the monitoring logic you have specified takes an

unexpected twist.
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There are two basic kinds of data that the logic analyzer can follow,
timing data and state data. Examples of timing data are the timing
relationships of input and output signals of a device, PC card,
backplane, or interface. Examples of state data are the information
transferred on address and data lines of a computer system. The logic
analyzer can follow both kinds of data at the same time and show their

interrelationship.

With the K101-D, you can very precisely specify clocking information to
monitor events with internal or external clocking or a combination of
both. These clocking modes are suitable for monitoring state data,
timing data, or for precise rejection (filtering) of irrelevant data.
This allows you to focus on events that happen at particular

conjunctions of internal and external events in the system under test.

Keep in mind that the K101-D is a digital sampling instrument. It
continuously monitors signal states and detects and stores them as
binary values in semiconductor memory. The instrument ignores all
analog waveform features (other than logic level), including rise and
fall times, peak and offset voltages, ringing (unless very pronounced),

and noise.

Figure 2-3 gives an example of the digital approach to events in the
system under test. Two possible combinations of states have been
specified in binary (using combinations of one, zero, and "Don’t Care")
as triggering events to start making recordings. The clocking and
timing patterns are shown as idealized digital events. With analog
instrumentation, one would have to interpret the waveforms to define the

events digitally.

Logic analyzers generally provide several standard threshold voltages as
well as a variable voltage threshold. This feature allows recording of
data from various IC families such as ECL, TTL, or CMOS. In the K101-D,

groups of input signals can use different thresholds for recording
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signals from mixed logic circuits. Polarity is specified for each input
signal.

The K101-D has four modes for detecting input: Sample, Glitch, Latch,
and Demux (Demultiplex). In Sample mode, inputs are sampled only at
each active edge of the sample clock, and any threshold transitions
between clock edges are ignored. Glitch mode is used to catch those

transitions that may occur between the clock edges.

Latech mode is an organizational technique which latches a sample when it
becomes valid and holds it for later sampling. This capablity is useful
because of the way the K101-D can use data patterns for controlling
logic flow and tracing. With Latch mode, related data patterns that
occur at different times can be combined as one sample event. That
event can be used for logic control or can be traced for information, or
both used and traced. Demux mode is a predefined form of Latch mode.
It is used for such cases as demultiplexing an address and associated

data when they appear sequentially on the same bus.

The four basic input modes can be combined with the clocking
specification to provide additional choices. For example, a combination
of clocks could be used with Latch mode to detect a key conjunction of

events that occurs only rarely.

Conversely, some combinations of input modes and clocking specifications
can lead to problems, such as the missed sampling of some events or the

distorted recording of others.

As mentioned earlier, logic control and conditional tracing can be
controlled by using data pattern comparisons or delays or combinations
of both. Use of a data pattern is a form of combinatorial triggering.
Each input signal of the U48 possible signals can be specified in terms
of a three position switch, set at one (1), zero (0), or "Don’t Care"

(x). Thus you can trigger from one input signal by setting all others
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to "Don’t Care," or trigger an action using a combination of settings

that might vary from simple to complex.

These patterns of one and zero, which are evaluated for control of the
recording process and possible tracing, are the result of previous
specifications. Specifications of polarity, threshold, input mode, and
clocking result in a signal or one or zero in a sampling register,
available in combination with all other signals. With Latch mode and
similar techniques, you can evaluate, as one combined event, activities

that actually happen at different times in the system under test.

The patterns can be treated as a sequence of binary signals, but for
convenience in dealing with the data you can choose from several modes
of formatting. Data can be looked at as a fixed sequence of binary,
octal, or hexadecimal characters, or can be specified as individual
numeric characters or ASCII or EBCDIC characters, either in fixed order
or in user-specified order. When data are captured for tracing they can
be viewed in the format specified. The data pattern available for

control use is determined by the specified data format.

2.2.2 RECORDING USING THE SPECIFICATIONS

As the logic analyzer receives and evaluates data, it continually
decides what trace control actions to take. For example, it decides
whether to trace in memory the current data pattern, whether to stop the
recording process, and whether to move from the current set of trace
control specifications to another set. The user can specify up to 16

sets of trace control specifications.

By combining delays and combinatorial triggering, you can have a great
deal of control. Consider three basic examples. In the first case, you
wish to see what leads up to a particular set of events in the system
under test. You specify those events as a data pattern and tell the

trace control logic to trace until that data pattern is seen and then
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stop. When the recording is made, data flow into the trace memory and
are replaced by later events, since only about 500 events can be saved.
Suddenly, the data pattern of interest is seen and the trace control
logic stops the recording process, freezing the current traced
information, which you can review.

In the second case, you wish to view events both before and a while
after the crucial event. You specify that a delay count start when the
crucial data pattern is encountered, and that the recording stop when
the count of events is done. The resulting record will show events

before and after the crucial event.

In the third case, you are interested only in what happens after the
event. The triggering event then is used to start tracing with a delay

set to stop tracing when memory is full.

Each of these three examples is simple to specify, and each could be
done with one or two sets of specifications, leaving fourteen or fifteen
other sets still available. By using basic setups such as these for
building blocks, you can perform such tasks as checking that three or
four events happen in the correct sequence in the system under test,
skipping over a million or so events of no interest, and then specifying
four or five possible events that you want to trace in case the event

happens.
2.2.3 REVIEWING AND ANALYZING THE RESULTS

To review recordings, the K101-D provides three main data display
formats designed to show specific kinds of information. The Data
display shows the actual events as captured. It uses the data format
you specify and allows you to see all captured events in memory. This
display is also called a state display, because is is a record of states

from the system under test (see Figure 2-U4 for an example).
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The Timing display is a diagram that shows each individual input signal
as a horizontal line, presenting it in terms of its rise and fall (one
or zero) over time. This allows for quick correlation between events.
Various tools are available for manipulating and evaluating the timing
diagram. The fastest available clocking rate in the K101-D is 10
nanoseconds. Because events are sampled and stored as ones or zeros and
the timing diagram is reconstructed from the stored samples, an
uncertainty of +1 sample is always present at each transition. However,
the timing diagram can support resolution of timing among input signals

to 10 nanoseconds across all inputs (see Figure 2-5 for an example).

The third display is a graphic display of the stored data, showing the
relative magnitudes of data over time, making it easy to get a general
grasp or overview of events. Various tools are available for
manipulating this display to expand it or clip it, and to help evaluate

it (see Figure 2-6 for an example).

The state data from a recording can be saved in a reference memory and
then compared with a newer recording. Reference data can be seen in all
three modes mentioned, as state data, timing diagrams, or graphic
display. A search function can look at data in either the current
display memory or the reference memory, and a compare function can
compare the two. It is also possible to edit the reference memory in
order to facilitate comparison, by developing a particular desired
sequence of events or idealized result and comparing it to the actual

results.

Recordings of these types can give you new perspectives for viewing
design anomalies in both hardware and software interactions. This
capability is based on the precision with which you can specify the
content and sampling methods that produce these recordings and variety

of methods available to work with and evaluate the recorded data.
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Graphic Display.
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Remember that you can use the logic analyzer to view what is happening
from several perspectives. The more varied the perspectives, the more
likely you are to find the problem.

2.2.4 DEFAULT CAPABILITY

There are default or standard setups for specification of all recording
parameters and for the viewing of results. In a typical recording
session, it would be very unusual to specify every recording parameter
in detail, or to make use of every evaluation technique when you analyze

results.
2.2.5 SUMMARY
The K101-D is set up for recording by specifying the following:

a. Signal input polarity

b. Signal input threshold level

c. Input mode: Sample, Glitch, Latch, or bemux
d. Clocking: internal, external, or mixed

e. Data format

f. Trace control conditions

Then the recording is made and the results are evaluated. Analysis of
results is supported by the following:

a. Data display

b. Timing display

C. Graphic display

d. Display manipulation and enhancement tools

e. Comparison with prior results or other reference
f. Search function

g. Edit function

13
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2.3 BUILDING BLOCKS

There are several operational steps that are commonly used together for
specific applications and can be organized into identifiable sets.
These specific sets of operations may be viewed as basic building blocks
you can then further assemble in a number of different ways for more
complex analysis. The three examples of trace control described in
paragraph 2.2.2 are representative examples of some basic building
blocks. Where appropriate, subsequent sections of this manual refer to
the building blocks.

2.4 GENERAL APPROACH TO USING THE K101-D

With the general overview of the capabilities of the K101-D as a
background, we will now discuss the general approach to using it and

examine some of the steps in greater detail.

The K101-D can tell you what is happening in the system under test. You
also need to know what should be happening. Sometimes the problem in
the system will only involve hardware, sometimes software, and

frequently both.

You will receive the greatest possible benefits in using the K101-D with
your digital system if you understand the definition and characteristics
of the signals of your system and their relationships. This will enable
you to efficiently connect the logic analyzer to the target system,
monitor its activity, and recognize what is in error. When lacking
system documentation or verification, the K101-D is a tool you can use
for general measurements to increase your understanding of the system

under test and guide you to more specific and efficient recordings.
For maximum productivity, you should quickly capture meaningful and

relevant information as needed to test specific hypotheses about system

activity. You must be able to specify precisely how the logic analyzer

2-14



K101-D principles of logic analysis

is to collect, reduce, and organize the data. Specifically, you must

connect to the target system and any other instrumentation being used,
select the correct polarity and threshold, clock the inputs to reduce
the incoming data to comprehensive samples of program activity, use
trace control to select events of interest, and organize the collected

data for display and analysis.
2.4.1 PROBES

Physical connection between the logic analyzer and your system is made
through special high-performance probes, each capable of inputting
several data and control lines from individual IC and wire leads, DIP
clips, or the optional microprocessor disassembly accessories.
Individual wire leads give total flexibility in connecting anywhere in
your systems a DIP clip or microprocessor disassembly accessory make
connection fast and simple. In general, you need to know the pin

assignments of your system and the signals expected on these pins.
2.4.2 POLARITY AND THRESHOLD

You can tell the logic analyzer what rules to follow in making polarity
decisions, i.e., which way is up (polarity) and where to draw the line
(threshold). In positive polarity logic, voltages above the threshold
are defined as a one and voltages below as a zero. In negative polarity
logic, above is a zero and below, a one. (If you don’t specify, the
logic analyzer uses positive polarity.) Polarity is simply indicated by
a "+" for positive and a "-" for negative. The polarity of each channel

can be individually defined.

The threshold voltage level divides a waveform into two states: one
above and one below the threshold. The analyzer gives you the ability
to choose preprogrammed values, such as TTL = +1.4 V, or lets you input
any value within a range (variable). Threshold values apply to a

grouping of channels matching each probe pod of two clocks and eight



K101-D principles of logic analysis

sample inputs. This selectability for each probe allows you to
simultaneously test segments of your system that use different logic
levels.

2.4.3 DATA FORMAT

You will often want to define a data format. Data formatting allows you
to flexibly group the data lines, order them in various ways, and look
at their values as words in a way that makes sense to you and your
application. When properly set up, the logic analyzer groups the input
data in a way that is easy for you to understand and analyze. You can
choose a fixed format for ease of specification or specify a format in
detail for convenience in later use. The same data format is used to
set up trigger/trace control words, to display state data, and to set a
search pattern. The data input lines can be grouped to form various
base number systems (radices) or data codes, such as ASCII. The format
can be uniform (the same radix) for all inputs or mixed (several formats

used simultaneously).

The basic digital code is binary. Each input line can be viewed in
binary format as one of two logic states, one or zero. In octal format,
groups of three such binary digits (bits) become a single octal digit.
In hexadecimal, four bits become one hex digit. ASCII and EBCDIC are
common data formatting codes that convert multiple bits into
alphanumeric characters. You can use any of these codes. When using the
optional microprocessor disassembly module, the binary information
understood by the microprocessor is converted for user convenience into
mnemonics, which are easy-to-remember abbreviations of microprocessor

operations and data.

The ability to mix formats is especially useful. For example, you may
want to see address and data lines in hexadecimal and the control and

status lines individually in binary. Additionally,  you can define the
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other signals, or even the same ones again, in some different format --

whatever you need for your system.

2.4.4 CLOCKING OF INPUTS

You must specify how you want to sample the incoming data and when you
want to store the data in memory. The incoming data are repeatedly
filtered to yield useful information: clear and concise, without
unwanted (data) noise. The two main clocking modes are synchronous and
asynchronous (also referred to as external and internal clocking,
respectively). Single clocks or multiple clocks in combination can be
used to let you see the data exactly as your system does or in greater
detail. Up to six clock terms can be combined in a Boolean expression
to form one precise clock definition. The K101-D’s clocking features
give you great capability to be selective and clever in filtering and

reducing your incoming data to the most meaningful form.

2.4.5 TRACING AND ACQUISITION

The precision with which you select the area(s) of data flow for the
logic analyzer to capture greatly affects how easy it will be to analyze
the system under test. Even with only valid and qualified data samples
coming into the analyzer you still need to tell the K101-D when to start
and stop collecting data as well as exactly what data in the stream you
want it to extract. This can be as simple as instructing the logic
analyzer to show you a window of data immediately surrounding a specific
event or as powerful as selecting out nonconnected segments of data

based on complex program flow conditions.
a. Simple triggering, with or without delay. Simple triggering

is most useful for hardware debugging and the first pass of

software debugging.
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In microprocessor systems, especially when following software
execution, a better method of pinpointing the trigger is
needed. The word you select to trigger on likely occurs many
times in your data stream; you can seldom be sure the analyzer
will stop exactly where you want it to. If your trigger word
isn’t unique, a single trigger will cost you time and cause

you a lot of trouble.

Complex triggering, with or without delay. Complex triggering
is especially useful in following the program execution of
nested subroutines and for 1isolating precise skew
measurements. This slightly more sophisticated approach lets
you look for several trigger words (trigger events), perhaps
in a particular sequence, and use the sequence or combination

of events to control the recording process.

Selective trace. Selective tracing lets you fill memory with
only certain data words that are of interest to the problem at
hand. You follow many events, but trace very selectively.
Unneeded data are not recorded. You can select, say, 500, 20,

or no events out of millions of sequential samples.

Conditional trace control. This advanced technique fully used

the K101-D’s capability to control the tracing and storing of

data. Conditional trace control combines complex triggering

(with or without delays) and selective trace control. You can
follow many events, allow for many contingencies, and trace
only the events you want to see. The features of conditional
trace control give the K101-D its incredible power and give
you the ability to follow and understand the activities and

ramifications of the program in the system under test.
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2.4.6 MAKING THE RECORDING

The start of the recording process is called "arming"™ and can be
controlled manually by you or automatically by the analyzer for powerful
extended data analysis and testing capabilities. You select manual or
automatic arming and then press the appropriate key when your

preparations are complete and the system is ready.

2.4.7 DISPLAYING AND ANALYZING THE DATA

There are several ways in which you can view the data; each one gives
you different information by providing a unique perspective. The logic
analyzer formats and displays data as state tables, timing diagrams,
graphs, or disassembled mnemonics. You select one of these formats by
the press of a key. Powerful functions for display manipulation,
search, comparison, and editing are available to help you analyze the
data. Also shown on the screen is useful status information about the

recording process itself. The different formats are described below.

a. Data domain: A state table, or data domain display, contains
every item of recorded information. It is the basis for the

other displays.

b. Timing: Each line of information that comes into the analyzer
is shown as a reconstructed waveform indicating at each sample

point whether the line is at a logic high or low.

c. Graph: This display shows an overview of program behavior.
The contents of the entire memory can be graphically displayed
simultaneously on this screen. The vertical axis plots the
numerical value of each data word against its physical
location in memory on the horizontal axis. The word you wish
to graph can be composed of all channel inputs or some subset

of inputs. Graphing helps you easily identify 1loops, branch
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points, areas of memory activity, control/status cycles,

address ranges, and repeated word occurrences.

d. Status information: Two lines of status information are
always present on the screen. They supply various acquisition
and display parameters. When reviewing captured data, the
status words indicate which memory is being displayed, what
clocking mode was used, and the location of the cursors and
the difference between them in time and sample clocks. Two
status fields, concerned with trace control levels, indicate
where tracing was halted and the trace level at which each
word occurred, and provide a real-time readout of the current

trace level while the trace is in process (see Figure 2-T7).

e. Mnemonic disassembly: This option is available with the
microprocessor-specific devices called Real-Time Execution
Disassemblers. The disassembly display shows the translation
(disassembly) of numerical state data into the English-like
mnemonics of assembly language. The displayed data are broken
out into address bus data, data bus contents (data or
instruction), the mnemonic translation of the microprocessor
instruction and operation, and bus activity status information

(see Figure 2-8 for an example).

2.5 COMMUNICATION INTERFACE

Using the logic analyzer in conjunction with other "intelligent"
equipment greatly extends its capabilities. Automatic testing and
computer analysis are possible. Setup parameters, captured data,
instrument commands, and recorded information can be transferred between
instruments to allow hard copy generation, comparison, storage, further
analysis, or remote testing. Communication with other intelligent
instruments or computers occurs via an interface channel, either RS-232

or GPIB (see Section 9 for details).
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1) Clock Mode — that was used to make the last or upcoming recording.

2) GPB — status of GPIB.

3) DVWM — real time reading of voltage at DVM lead inputs.

4) Time of Day — real time, 24 hour clock backed by internal battery.

5) Memory — displayed memory or memory that set-up parameters pertain to.

6) Control Cursor — internal memory location of control cursor.

7) Reference Cursor — internal memory location of reference cursor.

8) Cursor Location — difference between C & R cursor in terms of memory locations.

Difference
9) Cursor Time — difference between C & R cursors in terms of time (only specified if the master clock
Difference was chosen as internal).
10) Cursor Level — which level was used to record each sample.
11) Trace Level — current or last trace level reached during a recording.
12) Arm Mode — status of acquisition cycle.
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Figure 2-8. Mnemonic Disassembly Display.
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The communication capability allows effective remote consultation (in
which an off-site expert can assist someone on-site) and rapid
distribution of critical data.

2.6 COLLECT -> REDUCE -> ORGANIZE

As stated at the beginning of this section, with the K101-D you approach
even the most difficult problems in three general phases: collect,
reduce, organize. In practice, these three are interrelated. They are
not isolated activities, but are subcategories of data handling. When
you collect data, for example, you have already done some mental

organization and reduction in order to collect only useful data.

2.6.1 THE COLLECT/REDUCE/ORGANIZE MATRIX

The data handling tools of the K101-D can be thought of in these sub-
categories. One may regard probe positioning as a method of collecting
data, the use of the Graphic display as a way of organizing data, and
the selection of the Latch input mode as a way of reducing data to
select only special cases. Figure 2-9 shows a matrix in which all the
K101-D techniques are placed in the categories of collect, reduce, and
organize. Actually, many of the techniques are shown across boundaries
because they properly belong in two categories, such as collection and
reduction. The general categories of action in which these techniques
are grouped, such as physical setup, or specification of recording

parameters, are shown on the left.

The major purpose of the Collect/Reduce/Organize matrix is to help you
conceptually organize the material discussed in this section and covered
in detail in the next five sections. Sections 3 and 4 give reference
information and explain how to specify K101-D functions. Sections 5, 6,

and 7 discuss the topics shown in the matrix and give information on
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K101-D DATA HANDLING

ACTION COLLECT REDUCE | ORGANIZE
PROBE l
POSITIONING |
PHYSICAL I
SET UP DVM :
FREQUENCY I
COUNTER |
|
T
| |
POLARITY | i
| |
SPECIFY |
RECORDING THRESHOLD DATA FORMAT
PARAMETERS :
T
INPUT MODES | |
GLITCH SAMPLE LATCH
! DEMUX
CLOCKING ‘
|
INTERNAL : MIXED
L ]
EXTERNAL :
|

I
CONDITIONAL TRACE CONTROL I

MANIPULATING
IDISPLAYS, SEARCH
COMPARE, EDIT

|

| |
I I
MAKE A
RECORDING OR AUTO MANUAL AUTO STOP
RECORDINGS
| T
: : DATA
| I DISPLAY
RECORDING | | TIING
ANALYSIS | | DISPLAY
I [ GRAPH
: | DISPLAY
|
I
|
|
|

L

END RESULT:

1. SOLVED!

2. MAY BE SOLVED.
VALIDATE.

3. NEW INSIGHTS,
NEW

POSSIBILITIES.
TRY AGAIN.

Figure 2-9. The Collect, Reduce, and Organize Matrix.
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when and why to use them. This figure and the following discussion
(paragraphs 2.6.2 through 2.6.6) preview the material in these sections.
The preview explains why techniques are placed in the three categories,

and focuses on the question "What can these tools do for me?"

The matrix also serves as a quick overview and reminder when you are
using the K101-D. For example, by glancing down the collect column, you
can see what techniques would quickly collect basic information. The
other two columns can function as reminders of additional techniques
useful for further investigation. In a general sense, the techniques
shown under the reduce and organize columns depend on the techniques

shown under the collect column.

Before reading the preview and explanation, note that the
Collect/Reduce/Organize matrix is not rigid. It is meant only to help
you learn about the K101-D and to serve as a quick reminder. Feel free

to make up your own version.

2.6.2 PHYSICAL SETUP

Generally, this consists of setting the probes at points of the system
under test. The task is primarily one of collection, with an element of
reduction because from the beginning you do not probe those parts of the

system under test that are not relevant to your particular test.

The DVM (digital voltmeter) is also shown here. It is a convenience,
useful when needed. You could use it for a one-shot checkout of system
values, or to collect information in real-time during the test session.
For either use, you examine the values visually at the time the value is
shown. Using the DVM involves reduction, because only one location of
the system under test may be sampled at any one time. Therefore, using

the DVM is shown as primarily collection with an element of reduction.
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Use of the frequency counter is an optional part of clocking; it is a

basic collection technique, also with an element of reduction.
2.6.3 SPECIFY RECORDING PARAMETERS

Specifying the threshold values and polarity of the input probes is a
basic part of collection.

The four input modes are shown across the data handling spectrum.
Sampling mode collects basic events based on clocking so both collection
and reduction are accomplished. Glitch mode is broader, and collects
both glitches and normal samples. Because glitch mode collects more
broadly than sample, while sample mode restricts itself to normal
samples, glitch mode is shown under collect and sample mode under
reduce. Latch mode can be used for either reduction (sophisticated
filtering) or organization (sample input skew alignment). Demux mode is
primarily an organizational technique, although its use does compact all
samples by a factor of two over the memory space otherwise needed to
contain the same information. Both Latch and Demux allow you to bring
together events that happened at different times and show them in a
logical relationship as one sample. The organizational theme is
predominate, and both Latch mode and Demux mode are shown in that

column.

Clocking has several modes, which are variations of using internal or
external clocking or a mixture of the two. Internal and external
clocking are basic collection techniques that normalize the sampling.
Mixed clocking allows very discriminating sampling of particular events
that happen at clocking interactions, and therefore is shown under the

reduce and organize columns.
Trace control logic is the heart of the analyzer. There are separate

commands for controlling the logic flow and the tracing. The logic flow

can monitor millions of events in the system under test, both expected

2-25



K101-D principles of logic analysis

and unexpected, and trace only the events of interest. Conditional trace
control capabilities are extremely powerful tools for collection,

reduction, and organization, and are shown across the three categories.
2.6.4 MAKE A RECORDING OR RECORDINGS

Manual recording is a one-time recording which can then be examined with
the analytic techniques mentioned below. Automatic recording repeats the
collection process automatically. Autométic recording with stop (Auto
stop) allows repeated recording controlled by comparisons; it is used to
find elusive errors or validate that a problem has been corrected.
Because automatic recording can collect so much data in comparison to
manual recording, we place it under collect and manual recording under
reduce. Auto stop could be considered a reduction technique because it
hunts through and discards recordings until it finds a particular case.
However, it is placed under organize because using it involves
organizing prior knowledge about the system under test. 1In setting up

Auto stop, organization is the primary theme.
2.6.5 RECORDING ANALYSIS

The three display modes (Data, Timing, and Graph) are all under the
organize category. Each mode provides unique perspectives (screen
organizations) of captured information designed to assist in rapid
analysis appropriate to your application. The Data display is useful
for reviewing logic state relationships such as detailed program
execdtion. Graph display supresses the details of each sample to a
single point to provide an overview of recorded system activity. Timing
display emphasizes the duration of individual signals above or below

threshold and allows rapid measurement of skews between signals of
interest.
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The analytic tools are editing, manipulating displays by use of
expansion or by using cursors to limit or clip them, and the SEARCH and
COMPARE functions. They combine some reduction with organization.

2.6.6 END RESULT

A recording and analysis session results in one of the following:

a. You have solved the problem and you finish the session.

b. You may have solved the problem and want to validate the
proposed solution; you return to the logic analyzer with a set

of procedures to do so.

c. You return to the problem with new insights and try other

possibilities. You can return at any point in the grid.

2.7 A FINAL WORD

The purpose of this section was to give you a conceptual framework to
help you make better use of the information in the rest of the manual.
The following sections present many details about the K101-D and how
these details relate to each other. After some practical experience
with the logic analyzer, you will find that you develop your own useful
building blocks of techniques, and that more details fall into place.
Because of the wide range of techniques available to use with this
powerful, general purpose analyzer, you will often find that several

details are not relevant to your immediate task or application.
Keep in mind that during any one problem solving session with the

K101-D, you will typically call upon only a few of the available

capabilities.
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After you have read more of this manual, and again after you have tried
out some tasks with the K101-D, you may find it useful to return to this
section and reacquaint yourself with some of this material. The general
discussion and comparison of K101-D techniques and capabilities should
take on deeper meaning as your knowledge of the logic analyzer
increases. As you learn more about the K101-D, keep in mind the
subcategories of general problem solving as a guide to your own

learning: collect, reduce, and organize.
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Section 3

DETAILED DESCRIPTION

3.1 INTRODUCTION

The K101-D Logic Analyzer is a microcomputer-controlled instrument
(using the 16-bit Intel 8086), designed for digital circuit analysis and
evaluation (see Figure 2-1). The operating system can accommodate up
to 256 kilobytes of ROM and 128 kilobytes of RAM. Automatic power up
diagnostics, extensive self-test diagnostics, and a probe test using an

internal pattern generator are standard features of the K101-D.

This section describes the specific functions and capabilities of the
K101-D and gives its detailed specifications. The next section (User
Orientation) describes how the the front panel is used to operate the
logic analyzer. These two sections complement each other; they cover
the same material from two viewpoints: What the instrument can do, and
How to tell it what to do.

3.2 DETAILED DESCRIPTION

The unit has 48 data inputs which feed a pipeline of three high-speed
registers, each 52 bits wide (48 data bits plus 4 trace-level tracking
bits). The user places the probes and specifies the conditions for
recognizing signals from them. Data from the pipeline registers are
evaluated for transfer to the actual trace memory M (which is 512 words
of 52 bits each) according to the current conditional trace control
specifications set by the user. The user controls every step in the
data recording process: placement of probes, specification of threshold
values, sampling and clocking conditions, and the interaction of control

logic and trace control. The combination of features and capabilities
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in this logic analyzer provides data capture with unprecedented
versatility and precision for rapid isolation of essential information.

When the recording process is completed, the contents of trace memory M
are transferred to display memory A. Memory A holds the last
recording made. Memory B, equivalent in size, can hold a previously
stored reference recording for comparison. Information stored in
either memory A or B can be reviewed in various formats using either the
Data, Graph, or Timing displays. The Data display, also called the
"state display", best shows the detailed relationships of all relevent
signals for each sample. The Graph display gives a visual picture of
relative sample magnitudes over time, and the Timing display shows
timing relationships of individual signals or groups of signals
graphically. Many functional keys are provided for reviewing these
displays. The user can isolate portions of the displays for special
treatment, expand the displays, search and compare, and examine the

actual data underlying any portion of a graphic display.

Input sampling is performed using either external, internal, or mixed
clocking. Twelve separate external clocks (six sample clocks and six
latch enables) can be combined, using menu-specified Boolean
expressions, to obtain comprehensive samples for powerful software
monitoring. The choice of a number of different internal sampling rates
allows precise selection of the desired timing resolution needed for
determining either signal pulse widths and skew measurements, or the

window size (absolute time interval) captured by each recording.

Mixed clocking allows both external and internal sampling to be done
simultaneously. Separate clocks may be defined for each of three
sections of 16 data inputs (C, B, and A), or a single master clock may

be used to sample all three sections at the same time.

The primary user interface to the instrument is a CRT display and a set

of control keys. Each of the major setups for controlling trace
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parameters, data formatting, input sampling, and communications is
actuated by pressing one of the six SPECIFY keys, such as CLOCK SELECT
or TRACE CONTROL. When a key is pressed, the currently selected
specifications for that module are displayed on one or more CRT screen

pages. This allows rapid review and modification of each module.

Changes to a screen menu are made by positioning a flashing cursor over
the pertinent field and then entering the new specification.
Specifications are easily entered. Most are selected from a group of
possible entries using your choice of either the CHOICE keys (scrolling
possible selections with NEXT and PREV) or the QUICK key method of
entering a single digit. Other choices are made by pressing one of the
direct entry keys in the GENERAL key area, such as SAMPLE or GLITCH.

In addition to front panel operation of the K101-D, it is also possible
to operate the unit remotely, using communications lines. There are two
fully programmable communications ports: the IEEE-488/1978 and the RS-
232-C I/0 interfaces. Key codes and data transfer formats allow the
unit to be controlled from many common computers and terminals. These
interfaces allow generation of hard copy, data logging, storage of
common trace specifications, and automatic capture of intermittent
system failures.

A third interface, an RS-449 port, is also included to give the K101-D
the ability to communicate with intelligent peripherals and probing
accessories. At present it is used to communicate with optional
microprocessor execution disassembly modules. A fourth interface
provides a standard video signal (RS-170 compatible) for connection to

either a video monitor or printer.
Complimentary, ancillary measurement capabilities are built into the

K101-D and include a real-time time-of-day (TOD) clock, a digital

voltmeter (DVM) with 3-1/2 digit readout, and an external frequency
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counter. These tools facilitate analysis of recordings, increase the

convenience of use, and minimize reliance on other measurement systems.

Confidence in the unit’s operation is ensured by three separate
diagnostic tests: a comprehensive Power Up test, a Probe Test that
provides a functional check on each probe (ten inputs at a time), and,
when maximum confidence is desired, an exhaustive series of specialized
tests that can be chosen using the Self-Test specification screen.
These tests virtually ensure proper operation. If a problem does occur,
the tests are designed to quickly find and isolate it. Down time is
minimized and suspicious recordings can be easily checked by verifying
proper operation.

The Probe Test uses a built-in pattern generator that makes it possible
to learn a great deal about the K101-D by sending a known pattern to the
probes, and then setting up various specification conditions and
recording and analyzing the results. Section 10 of this manual
presents a comprehensive discussion of how to use the Probe Test to

learn about operating the logic analyzer.
3.3 SPECIFICATIONS
3.3.1 SIGNAL INPUTS

a. Number: Total of 60; 48 sample inputs and 12 clock inputs.

b. Input assignments: All inputs are assigned to one of three
sections, labeled C, B, or A. Each section contains a group
of 20 inputs: 16 sample inputs and 4 clock inputs split
between two probe inputs. Each probe provides 10 inputs: 8

sample inputs and 2 clock inputs.

c. Input impedance: 1 megohm, 15 pF, over a range of +10 V.
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Thresholds: Assignable for each group of 10 inputs; TTL
(+1.40 V), ECL (-1.30 V), VAR A and VAR B (+9.99 V in 10 mV
steps with 20 mV accuracy). Thresholds referenced to probe
tip.

Polarity: Assignable positive or negative for each sample

input.
Maximum voltage: +50 V continuous, +100 V transient.
Input modes: Selectable in groups of 8 or 16.

1. Sample: Sample mode is the most basic input mode.
Inputs selected for the Sample mode are checked at, and
only at, each active clock edge to determine their cur-
rent logic levels. Clock edge is specified by the sample
clock expression used for the pertinent sample input
section. In Sample mode any glitches that occur between

sample clocks are ignored.

2. Glitch: Glitch mode helps detect possible troublesome
noise spikes. Any even number of threshold crossings
between valid sample clocks is considered by the K101-D
to be a glitch. This input mode is handled in the same
way as Sample mode, except that the selected inputs are
also monitored between every clock sample to determine if

a glitch occurs.

3. Latch: Latch mode is a special case of Sample mode. It
allows you to either hold or pass data to half or all the
sample registers of each section (C, B, or A) based on
the status of separately assignable, latch enable clock
expressions. Latch mode lets you capture data at one

time and then merge that data with other data sampled at
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a later time, based on two separate clock expressions.
The signals that indicate valid data can often be
completely different in type and timing from those that
indicate the right time to sample the data.

When the expression used for enabling the Latch mode is
true, the associated inputs are sampled just as though
Sample mode has been specified. When the expression is
false, the states present at the moment the expression
went false are held constant causing all samples of those

inputs to be the same during that period.

Demultiplex: Demultiplex mode lets you capture data
present at two different times on the same bus lines for
simultaneous evaluation by the conditional trace control
as one sample. Typically, one uses this mode to capture
both address and data on a shared bus. In Demultiplex
mode, the data inputs to the lower byte group of the
selected section (C, B, or A) are buffered and then sent
to both groups of that section. The lower byte group (0-
7) is automatically placed in Sample mode and the upper
byte group (8-F) in Latch mode. The enable clock
expression defined for that section determines when and
how the upper byte is sampled, just as in regular Latch
mode. The sample clock expression for the section
defines when the lower byte is sampled and also when the
contents of the upper byte latch are examined. Both
bytes are presented to the trace control simultaneously
as one valid sample. The term "alignment" is sometimes
used to refer to this simultaneous evaluation, capture,

and display of two events which are separate in time.
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3.3.2 CLOCKING SELECTION

In external and mixed clock modes, the K101-D allows external AND/OR
clocking of sample and enable clocks for each data input section. A
master sample clock strobes information from the sample registers into
the unit’s main memory M. Complex external clocking is keyboard
selectable using menu-specified sets of Boolean expressions. Clocking
combinations allow monitoring of multi-phased and multiplexed systems,

as well as simultaneous time/data measurements.

3.3.2.1 Sample Clocks

a. Inputs: Total of six (two on the upper group (F-8) of each
section). DC to 50 MHz external operation. Minimum pulse
width for valid clock: 10 ns.

b. Operation: Sample clock active on rising edge. Clock is TRUE
when all AND clocks are TRUE or when any OR clock is TRUE.

c. AND clocks: Up to three (CJ, BJ, AJ). User-specified
logic level.

d. OR clocks: Up to three (CK, BK, AK). User-specified
logic level.

3.3.2.2 Enable Clocks

a. Inputs: Total of six (two on the lower group (7-0) of each
section). DC to 50 MHz external operation. Minimum pulse
width for valid clock: 8 ns.

b. Operation: Resultant enable clock used when samples from a
section (C, B, or A) are taken in Latch mode. When enable

clock is TRUE, information passes freely through input latches
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as in the Sample mode. When enable clock goes FALSE, data are
held in the input latches until enable returns TRUE. Enable
clock is TRUE when all three AND clocks are TRUE, or when any
OR clock is TRUE.

AND enables: Up to three (CR, BR, AR). User-specified

logic level.

OR enables: Up to three (CS, BS, AS). User-specified

logic level.

Clock Modes

Internal extended: Provides 10 ns (100 MHz) data sampling and
transfer to main memory M for one or all input sections.
Control logic and other input sections (if 100 MHz sampling

is not desired) are clocked using the slower internal clock
(20 ns to 160 ms).

Internal: 20 ns to 160 ms. Selectable in a 1 through 16
sequence. All sample registers and control logic clocked

simultaneously by internal clock.

External single-phased: DC to 50 MHz. All sample registers

and control logic are clocked by the master clock.

External multi-phased: User may specify a separate sample
clock for each section and for the master clock. All three
sections transfer data into main memory M using the master

clock.
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e. Mixed single-phased: Master clock must be external. Sample
clocks may be internal or external. External sample clocks
must be same as the master clock. Internally clocked sections

transfer data to main memory M using the internal clock.

f. Mixed multi-phased: Master clock must be external. Sample
clocks may be internal or external. External sample clocks
are specifiable separate from master clock but data are still
transferred into main memory M using the master clock.
Internally clocked sections transfer data to main memory M

using the internal clock.

3.3.2.4 Clock Setup and Hold Time Specifications

Setup time is defined as the amount of time the information to be
sampled must be stable prior to the active sample clock edge. Hold time
is the amount of time the information must be stable after the active

sample clock edge.

Hold time is usually a negative value. This means that the information
may change exactly at, or even before, the clock edge, yet still be

sampled as if it were stable all the way up to the clock edge.

These times result from the inherent propagation delay of the
instrument’s clocking circuitry and the difference between the delays of
the various clock inputs. Conforming to these specifications will avoid
any potential race condition problems and guarantee that your clocking

equations will perform as expected.

a. Individual Inputs. The specifications for the individual
clock inputs are given in Table 3-1. These times may also be
thought of as a clock’s minimum pulse width: the time between

a nonactive and active edge.
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Table 3-1. Clock Input Specifications

Clock Setup Time (nsec) Hold Time (nsec)

Max. Typical Max. Typical
CK 8 5 0 0
CJ 12 9 0 -4
BK 8 6 0 -1
BJ 12 10 0 -5
AK 8 7 0 -2
AJ 12 1 0 -6

Combined Inputs. When two or more inputs are combined into a
Boolean expression, additional specifications come into play.
For two or three J inputs "ANDed" together, or for two or
three K inputs "ORed" together, the required time interval
between a particular edge on one input and a particular edge
on another input is as shown in Table 3-2. The intervals T1,
T2, and T3 are graphically depicted in Figures 3-1 through 3-
3. These are the minimum time intervals needed between the
edges of your clock inputs for the resultant to be desired

"ANDed" or "ORed" expression. The interval of 0 for T1 means

Table 3-2. Setup Times for a Combination of Two or Three Clock Inputs

Interval Max. Setup Time (nsec)
ORed ANDed
T1 0 0
T2 4 12
T3 12 4
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Figure 3-3. T3: Time From Nonactive Edge on One Input to Active Edge
on Another Input.
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that Tqcan be any value and the resultant clock will toggle
correctly, even if the two active edges occur simultaneously.
If T3 is less than its maximum specified time, then a desired
resultant clock toggle (active sample edge) may not occur. If
T, is less than its maximum specified time, then an unwanted
resultant clock toggle (active sample edge) may occur. The
previous specifications for individual clock input pulse
widths still apply. When you use both Jand K terms in an
expression, add an additional 4 ns to T, and to T3 for the

"ORing" of the two sub-expressions.

Figures 3-U4 through 3-12 illustrate the time intervals for all
the possible AND, OR and active edge combinations of two

similar clock inputs.
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Multiphase Clocking. When using different master and section
sample clock expressions, the active edge of a section sample
clock must occur either 15 ns before the master clock active
edge or 4 ns after it. This relationship must be true in
order for the master clock to take a valid sample of a
section’s sample register contents. In other words, the
master clock setup time is 15 ns, and its hold time is 4 ns

(see Figure 3-12).

Although sampling should occur as specified, avoid specifying
a section sample clock expression that is identical to the
master expression. If possible, use a single-phase mode
interval. this will prevent any potential master/sample setup

or hold time problems.

15

A

Figure 3-12. Master and Sample Clock Skew Requirements.
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3.3.3 TRACE MEMORY

The K101-D contains high-speed main memory M, display memory A, and

reference memory B.

Size: Memories M, A, and B are each 52-bits wide (48 bits for
data inputs plus Y4 bits for trace-level tracking) by 515-bits
long (512-bits long plus 3 bits for pipeline data). In other
words, these memories consist of 515 words of 52 bits each.
Three words of memory M are used for pipeline data; 512 words

are available for saving conditionally traced events.

Operation: Memory M accepts and transfers new information
held at the end of each recording to memory A for display.
Memory B is used as a reference and may be loaded from memory
A, the keyboard, or the GPIB or RS-232-C interfaces.

Search: The unit accepts an up to U48-bit pattern through the
Data Format display. The search pattern is independent of the
original criteria which caused each U8-bit record to be saved.

Either memory A or B can be searched.

On the display, each entry matching the search criteria is
identified with an asterisk (*¥). The display also shows the
memory addresses of the first and last occurrences and the
total count. Pressing the NEXT key moves the cursor to each

occurrence in sequence.

Compare: Memory A is compared to memory B. Differences are
indicated by inequality (#) signs on the data displays. The
NEXT key moves the cursor to each occurrence, as with Search
mode.
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e. Edit mode: The user may enter or edit data in memory B using
keyboard entry. This can be a useful tool for analysis in
conjunction with the COMPARE function.

3.3.4 DATA FORMATS

The user defines data display characters. Multiple menu screens allow
the specification of how all 48 signal inputs are to be shown. Each
input signal, when captured, is either a one or zero. Signals can be
shown as such (by choosing binary) or grouped with other signals and
displayed as numeric values or characters. The user can specify either
fixed formats or mixed formats. Fixed formats define all signals to be
grouped as binary, octal, or hexadecimal characters. In mixed formats,
these three radices and ASCII and EDCDIC can be used. Fixed formats are
grouped in order by input signal; mixed formats are individually
specified. Mixed formats allow an individual signal to be shown in more

than one group.

Optional execution disassembly accessories are available for several
specific microprocessors. These disassemblers format machine code into
assembler operation codes and addresses, identify and display all memory
and port activity, and highlight nonexecuted instructions when applied

to prefetch-type microprocessors.

3.3.5 TRACE CONTROL

The trace control screens provide conditional trace control for
capturing events, using up to 16 separately specifiable levels. The
trace logic can move freely from one level of specification to another
during a recording, so that information capture can be made dependent on
an exact sequence of events or possibilites. This allows rapid review
of long or disjointed execution intervals by providing the means for the
precise definition of the information to be captured. With trace

control you can investigate virtually all cause and effect relationships
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and also benefit by very efficient use of memory space. Each level
offers individual DELAY commands and conditional STOP, JUMP, ADVANCE,
and TRACE commands. The priority of operations is STOP before JUMP, and
JUMP before ADVANCE. TRACE is independent.

DELAY: Entered as decimal (1 to 65,535) or hexadecimal (1 to
FFFF), for each of 16 trace levels. The sample count for
DELAY is specifiable using either occurrences of the master
clock or of the level’s advance pattern. Whenever the trace
logic enters a level, the sample count for the level is
reinitialized.

STOP: Causes the tracing and recording process to stop. There
are nine conditions: (1) Stop If Data = S, (2) Stop Always,
(3) Stop Never, and (4-9) Stop If Data = S and Sample Count >,
<y =y 2, £, or <> (#) Delay. "S" may be any noncontradictory
data pattern possible based on the currently specified data
format. All variations of each specified character can be
entered, including a "Don‘t Care" state. STOP has priority
over JUMP and ADVANCE commands. A specified current trace

will be made before the tracing process stops.

JUMP: Causes tracing to jump to a user-defined level (0-F) if
specified conditional command comes true. This allows a change
of conditions for tracing or can be used to reinitialize the
sample count by jumping back to the current level. There are
nine conditions: (1) Jump If Data = J, (2) Jump Always, (3)
Jump Never, and (4-9) Jump If Data = J and Sample Count >, <,
=, >y £, or < > (#) Delay. "J" may be any noncontradictory
data pattern possible based on the currently specified data
format. All variations of each specified character can be
entered, including a "Don’t Care" state. JUMP has priority
over ADVANCE command. A specified current trace sample can

still be taken as trace control jumps to the new level.
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d. ADVANCE: Causes tracing to advance to next level of tracing
(1-F) if the specified conditional command comes true. This
allows a change of conditions for tracing. There are nine
conditions: (1) Advance If Data = A, (2) Advance Always, (3)
Advance Never, and (4-9) Advance If Data = A and Sample Count
>, <y =, 2, £ or < > (#) Delay. "A" may be any
noncontradictory data pattern possible based on the currently
specified data format. All variations of each specified
character can be entered, including a "Don’t Care" state. A
specified current trace sample can still be taken as trace

control advances to the next level.

e. TRACE: Evaluates each valid sample to the specified trace
conditions. There are nine conditions: (1) Trace If Data = T,
(2) Trace Always, (3) Trace Never, and (4-9) Trace If Data = T
and Sample Count >, <, =, >, £, or < > (#) Delay. "T" may be
any noncontradictory data pattern possible based on the
currently specified data format. All variations of each
specified character may be entered, including a "Don’t Care"
state. TRACE is independent of the STOP, JUMP, or ADVANCE
operations. If the trace condition is met, the event will be
put into memory. If the stop, jump, or advance condition is

met, that operation will occur separately.

The combination of these conditions allows following various possible
execution paths. For example, a trace control screen for level 3 might
specify to advance (to level 4) under a particular condition and to Jjump
to level 6 under another. By using such building blocks, a complex
chain of interacting events can be followed and traced. Trace is
independent of the other controls. For example, a set of eight level
screens might be used to follow expected program flow without tracing,
and four or five other level screens could be used to trace if the

program got into unexpected areas.
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3.3.6 ARM MODES

3.3.6.1

Selections

Selectable as Manual, Auto, Auto Stop, or Auto Stop Within Limits.

Manual: The user presses the ARM key, and the unit makes one
recording and transfers the new data to memory A. If a stop
condition is satisfied, the recording is made according to the
trace conditions specified. It stops when the trace

conditions reach a STOP operation.

Auto: The user presses the ARM key, and the unit begins the
recording process. When the recording process reaches a STOP,
the unit rearms itself and begins again. Each time it
transfers new data to memory A. Pressing the STOP key or
reaching the pass counter 1limit halts new acquisitions. The

pass counter range is 1 to 9,999 cyecles.

Auto Stop: The unit arms itself and acquires new data in
memory A, which is compared with memory B. Conditions that
can be specified to stop the unit from rearming and recording
further are as follows: A=B, A#B, or the pass counter reaching

specified limit.

Auto Stop Within Limits: The comparison of memories A and B
is limited to data between the unit’s dual cursors
inclusively, as specified in memory A. Also, only displayed
data channels are compared. Conditions that can be specified
to stop the unit from rearming and recording further are as
follows: A=B Within Limits, A#B Within Limits, or the pass

counter reaching a specified limit.
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3.3.6.2 Acquisition Command Keys

a. Arm: Initializes the control logic for all currently
specified recording parameters and begins new recording, using
the current Arm mode. If unit is already armed, pressing ARM
still initializes the control logic and starts the recording

process again.

b. Advance: Forces trace logic to unconditionally advance to
next trace level. Recording process continues at next level

just as though that level had been entered normally.

c. Memory M to A: Moves current contents of trace memory M to
display memory A, and stops the recording process. The
current contents of memory M will not include material from
previous recordings since the memory is automatically flushed

at the beginning of each arm cycle.

d. Stop: Stops the recording process and leaves contents of

memory A intact.

3.3.7 DISPLAYS

The K101-D has a built-in, seven-inch diagonal raster scan CRT for
display of all menus and data. There are three main types of displays:
menu screens for specifying sampling and tracing of information, data
display screens for analyzing recorded data, and a screen for entering

interface specifications.
3.3.7.1 Recording Specification Screens
a. Input Modes: The user selects input modes in eight signal-
input groupings (Sample, Glitch, Latch, and Demux). Threshold

values and the arm condition are also selected on this

display.
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Logic Polarity: (+) or (-), assignable by user to each data
input. Affects data display, graph display, trace control

patterns, and the binary cursor readout on the timing display.

Clock Select: The user specifies clock mode and clock inputs

using one of six menus.

Data Format: The user defines data display radices (octal,
hex, decimal, binary, ASCII, or EBCDIC) for up to 48 inputs.
Inputs may be in any sequence and may be repeated (that is,
the same inputs may be shown in different character groupings
as convenient).

Trace Control: The user defines trace control parameters for

up to 16 levels, 0 through F.

Recording Analysis Displays

Data: Presents data up to 48 columns wide as determined by
the currently specified Data Format display. When less than
24 columns are specified, the format is repeated to provide
more data on the display; 24, 48, 72, or 96 samples can be

displayed.

Timing: Shows simultaneous display of up to 24 timing
waveforms. A total of up to 60 waveforms may be displayed by
paging (six signals per page for ten pages). A user-selected
label of up to seven characters can be entered as desired for
each waveform. The user can rearrange the channel sequence of
each page for convenient display. Vertical expansions of the
display by 6, 12, and 24 can be specified. Horizontal
expansions by 3, 6, and 12 can be specified. The display

indicates the sample count between the Control Cursor and the
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Reference Cursor. There is a binary logic readout of the
Control cursor or the Reference Cursor position, whichever was

used last.

Graph: Shows a dot graph of sample magnitude versus memory
location (x, y). The user selects data inputs and the range of
values to be graphed. The Reference Cursor and the Control
Cursor delimit the vertical display. The horizontal
expansion is the same as with Timing mode. Graph mode is

useful for a quick overview of program execution.

3.3.7.3 Interface Specification Screen

The user can select GPIB (IEEE-488) or RS-232-C interface parameters.

This screen also allows entry of time-of-day clock, date, or error beep

status (enabled/disabled). The current software revision level is

displayed.

3.3.8 AUXILIARY MEASUREMENTS

3.3.8-1

Digital Voltmeter (DVM)

Front panel IN and GND provide +20 V range.

Resolution: 20 mV
Accuracy: +0.5%
Input impedance: 20 kilohms

3.3.8.2 Clock Status/Frequency

Automatic measurement of external clock frequency.

Range: 100 Hz to 50 MHz

Accuracy: 0.1%
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3.3.8.3 Time of Day

A 24-hour, time-of-day (TOD) clock is displayed in all modes. The end-
of-acquisition time is captured for each recording. The time-of-day is

retained by battery when power is off.

3.3.8.4 Total Trace Time

The total time that trace was enabled for each recording appears at
bottom of the Timing Display. This allows precise measurement of time

between any two events.

Resolution: 0.5 u sec
Range: 00.00 u sec to 1638.35 sec (27.3 min)

Note

Count resets to zero on overflows.

3.3.8.5 Trace Level Tracking

This allows the user to determine trace level reached during recording
and to determine the level used to record each sample when reviewing

recording.

a. Trace level: Shows current or last level reached during
recording. Appears at bottom-right of all displays as "Level

= n" (n is 0 through F).
b. Cursor level: Shows which level was used to record each

sample. Appears just to left of trace level field as "CL = n"

(n is 0 through F).
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3.3.9 INTERFACES/REAR PANEL CONNECTORS

GPIB (IEEE-488/1978): Provides complete programmability via
GPIB. Data and setup information are transferrable to and
from either A or B memories. Using the GPIB interface, the
K101-D can be made part of a system, produce hard copy or be

operated remotely.

RS-232-C: A serial interface with capabilities similar to
those of the GPIB.

RS-449: Allows unit to communicate with intelligent
accessories. It is currently used for the optional RTE-816

microprocessor execution disassembly modules.

Trace output: TTL active high only while unit armed and

current trace level is enabled.

Clock output: ECL active low signal corresponding to current

intermal master clock rate.

GET: Group execute trigger signal. Available via GPIB.

Viaeo output: 1 V p-p into 75 ohm, RS-170-compatible levels.

Used with compatible monitor or printer.

CONFIDENCE TESTS

Power Up: During power up, the K101-D performs checks of ROM,
MPU, and CMOS RAMs, power supplies, and keyboard. Gives the

user confidence that the instrument is operating properly.

Self Test: Allows user to select from a series of additional

test routines for measurement validation or to serve as a
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troubleshooting aid. The full set of self-test exercise
routines is equivalent to in-house tests that are run to

validate a unit before shipping it.

Probe Test: Allows user to test each probe (ten inputsat a
time) with a built-in, ring-counter-type pattern generator.
More than a simple test of probe functioning, the use of the
pattern generator and various specification screens allows the
internal operation of complex conditions for display, and

therefore provides further validation of functions.

ACCESSORIES SUPPLIED

Probes: Set of six input probes with ten inputs each. Probes
include flying leads and spring hook tips.
Manual: One operating and service manual supplied with each
K101-D.
MISCELLANEOUS
Size: 21.8 cm high x 44.6 cm wide x 59.0 cm deep with bail
(8.6" x 17.5" x 20.7").
Weight: 20 kg with probes (44 1b).
Power, internally selectable:
Nominal 115 VAC, 90-132 V RMS; 400 watt, 7 amp fuse.
Nominal 230 VAC, 200-268 V RMS; 400 watt, 4 amp fuse.
Temperature: 0 to 50°C operating range.
Battery back-up: Provides power for two setup saves plus TOD

clock.
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f. Accessory power: +5Vand -5.2V, 300 mA total. Located at
two rear panel LEMO connectors.
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Section U

USER CONTROLS AND DISPLAYS

4.1 OVERVIEW AND STRATEGY

You should be familiar with the features of the K101-D before you try to
use the equipment for a specific application. This section describes
the controls and default displays of the K101-D. It also includes
suggestions that should assist you in becoming familiar with the
instrument. Subsequent sections (5 through 8) discuss how to use the
K101-D in actual applications. The familiarization process described in
this section involves turning on the K101-D, using the controls, and
observing the displays that will be shown on the screen of the CRT.
Take the time to read the descriptions in this section before you try to

connect the analyzer to a system.

The K101-D is both forgiving and robust: there is rarely any problem if
you press the wrong key. After you power up, try using hunt-and-peck
exploration to see what happens. When you are exploring the K101-D,
don’t worry about applying what you learn. That will come in later
sections of this manual. For now, just explore. Get a general idea of
how entries are made and how the various screens and entries relate to
each other. The goal is for you to become familiar with the K101-D

controls.

Section 10 (Probe Test) includes additional procedures that will assist
you in operating the equipment. The K101-D incorporates two levels of
seif-test. When the K101-D is turned on (powered up), a short self-test
is run automatically. A more extensive self-test routine can be
initiated by the user. (The user-run routine will be indicatea with
initial caps: Self-Test.) This Self-Test program, which is described in
Section 10, is the equivalent of the factory preshipment quality

assurance test. This test will give you the same level of confidence in
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the K101-D as if factory quality assurance or customer support personnel

had checked out the instrument.

4.2 BRIEF DESCRIPTION OF KEYBOARD AND FRONT PANEL INPUTS

The K101-D front panel is shown in Figure 4-1. The key features of the

panel are described in the following subsections.

4.2.1 PROBE CONNECTORS

Six connectors for probes are located across the bottom of the front
panel. The connectors are grouped in sections of two probes each and
labelled SECTION C INPUTS, SECTION B INPUTS, and SECTION A INPUTS. Each
section can receive 16 sample inputs and 4 external clock inputs, for a

total of 48 sample inputs and 12 external clock inputs.

4.2.2 CRT DISPLAY SCREEN

The screen is used to set up recording specifications and to display the

results. The keyboard 1is used to specify and control the displays.

4.2.3 POWER, DVM, AND PROBE TEST

The POWER switch turns power on and off. The DVM sockets are used to
access the digital voltmeter function when desired. The PROBE TEST

socket provides pattern generation for the Probe Test.
4.2.4 KEYBOARD
There are 56 keys, most having multiple function (see Figure U4-2). They

are used to specify and control the recording process and to display the

results.
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K101-D LOGIC ANALYZER
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Figure 4-2. K101-D Keyboard.
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4.2.5 POWER CHECK

The K101-D can be used with either 115 VAC or 230 VAC. Input
voltage is set by a switch inside the unit. All units are factory set
for 115 VAC line input.

Before powering up the unit, it may be necessary to change the input
voltage selection switch. If a line voltage change is required, proceed

as follows:
a. Remove the top cover.
b. Locate the input voltage selection switch in the rear quarter
area, left-hand side of the instrument (as viewed from the

front).

C. Move the input voltage switch to the desired setting (115 VAC
or 230 VAC).

d. Replace the top cover.

e. Change the fuse (115 VAC, 7 amp fusej; 230 VAC, U4 amp fuse).
4.3 POWER UP
When you power up the K101-D, a beep will be heard and a short self-test
program will start. The screen will be blank while the test is running.
At the conclusion of the test, a second beep will be heard and a "RDY"
indication will appear at the bottom right of the screen.
If the power up self-test indicates an error condition, refer to Section

10, which explains the meaning of self-test messages and the appropriate

action to take.
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4.4 USING THE KEYBOARD

This paragraph presents a general description of keyboard functions

(refer to Figure U4-2). Keybocard details are presented in paragraph 4.5.

The displays are discussed in paragraph 4.6. You will find that the
screen displays change when you use different keys. If you make an
incorrect entry, the logic analyzer will beep. You can make use of this
to try various entries, see the changes in<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>