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Waveform Analysis

In advancing the technologies of

physics, chemistry, and electronics, re-

searchers. have learned to use a variety

of instruments to solve measurement

problems. The acquisition of fast tran-

sient events is one problem, common

to these fields, that has been extremely

difficult to solve. The problem is com-

pounded when, in addition to being

observed, an event must be analyzed.

Several techniques are used, but most

are costly in terms of both time and

money; many are limited in accuracy

and reliability of results.

This brochure describes a new series

of Waveform Digitizing Instrument

(WDI) configurations from Tektronix.

These configurations have been de-

signed to quickly and economically

give users the information they need by

capturing and processing both tran-

sients and repetitive, short duration

events. These configurations can be

divided into two categories: viewing

configurations, the fastest oscillo-

scopes available; and software assisted

configurations, for complete waveform

analyses.

A brief discussion of some other tran-

sient recording techniques is also in-

cluded. The WDI configurations are not

intended to displace all of those tech-

niques. For some applications, another

approach is adequate; for others, the

WDI is the only one that can do the job.

Problem

How to Capture a Fast

Transient

Perhaps the most widely used method

for transient acquisition is an oscillo-

scope witha camera that uses Polaroid®

film. This is a tedious process at best

and, while allowing visual analysis,

does little to satisfy researchers’ re-

quirements for detailed waveform

analysis.

Determining the frequency components

of an acquired transient illustrates the

value of instruments with software

analysis capabilities. This can be ac-

complished by performing a Fourier

transform of the waveform data on the

scope photos. However, the photos

must first be digitized and then the

data must be processed. The entire pro-

cedure can be complex, time consum-

ing, and vulnerable to human error.

There are, of course, other transient

recording techniques. Among them:

magnetic tapes, light-beam oscillo-

graphs, disc recorders, and strip chart

recorders. Unfortunately, these tech-

niques do little to overcome the prob-

lems of waveform analysis and are

limited to low bandwidths.

Another technique uses _ high-speed

analog-to-digital converters. Instrumen-

tation incorporating these A/D schemes

are commonly called transient re-

corders. However, in view of the analy-

sis needs of many researchers, and

parameters of super-fast transients,

these recorders are severely bandwidth

limited. Such instrumentation is. vir-

tually useless for detailed study of sig-

nal characteristics in the 10-nano-

second to sub-nanosecond range. Also,

accuracy is quite limited for many

slower signals.

Because of the varying nature of tran-

sients, there are uses for each of the

above techniques. At one level of

equipment complexity, a scope with a

camera can be an inexpensive solution

to transient acquisition problems when

only visual analysis is required. In other

applications, such as industrial moni-

toring and testing, transient recorders

may deliver adequate performance. But

there are serious problems associated

with fast transient acquisition and

analysis that are not solved with any of

the above techniques.

Pulsed laser research, time-of-flight

mass spectrometry, flash photolysis,

and EMP studies are good examples.

Scopes and cameras can literally bury

researchers in un-analyzed data. Days,

even weeks, can pass before the results

of an experiment are available. As for

the other transient recorder techniques,

much of this research requires analyses

of super-fast single-shot signals that

are beyond the ability of traditional A/D

recording instruments.



Solution

Acquisition and Analysis

Beyond 500 MHz

Because of the need for truly high per-

formance signal acquisition equipment,

Tektronix developed the R7912 Tran-

sient Digitizer. To complete the job of

waveform analysis, R7912’s (from one

to thirty-two) are used as acquisition

units in the WP2000-Series Waveform

Digitizing Instrument configurations.

The R7912 Transient Digitizer differs

from traditional oscilloscopes in that it

is actually a high-resolution scan con-

verter. Yet it retains mainframe flexibil-

ity by accepting standard oscilloscope

plug-in amplifiers and time bases. Input

signals are acquired, conditioned, and

amplified by vertical plug-ins from the

TEKTRONIX 7000-Series family. These

provide a wide range of capabilities,

from high gain (1 mV/div at 100 MHz

with the 7A13 Differential Amplifier) to

unexcelled bandwidth (1 GHz with the

7A21N Direct Access Unit, requires

mainframe pc board exchange). The 7B-

Series time base plug-ins are used to

generate horizontal sweep speeds to

0.5 nanosecond per division.

The R7912 features two modes of opera-

tion: NON STORE, a television mode

for high-speed, low-repetition-rate sig-

nal viewing to 30,000 div/,,s; and DIGI-

TAL, for digitizing events to 8,000 div/,s.

In terms of analog bandwidth, the

R7912 operates to 500 MHz at 10 mV/

div through a preamplifier plug-in, or to

1 GHz at ~4 V/div by direct access.

To achieve equivalent performance

with traditional A/D converter tech-

niques would require an A/D converter

with a variable clock rate of up to =100

GHz, or an effective sampling rate of

=10 ps.

The R7912 delivers this performance by

digitizing 512 addressable horizontal

points with the time base set at 0.5 ns/

div (a 5 ns window). There are also 512

addressable vertical points. Because of

finite write and read beam widths, the

full scale vertical resolution is one part

in 320, or ~0.25 percent of full scale

deflection.

Data that have been acquired and

digitized from either non-recurring

(single-shot) or recurring signals (in-

cluding those with low duty cycles) can

be stored as a series of 10-bit digital

words in a buffer memory. Nine bits are

position data; the tenth bit indicates

whether the word represents horizontal

or vertical position. Once stored, these

data are available for digital processing

or display.

Scale factor information is available

with the waveform data. An electronic

dot graticule is also available to pro-

vide a reference for waveform measure-

ments on a tv video monitor.

Software Assisted

Configurations

For other applications, where it is de-

sirable to acquire the waveform and

immediately perform a full analysis,

there are the WP2000-Series analysis

configurations. These include the ap-

propriate number (from one to thirty-

two) of R7912 acquisition units, a con-

troller (for waveform processing), a

graphics terminal, a tv video monitor, a

magnetic tape cassette or paper tape

unit, and WDI TEK BASIC software.

Also, the Digital Processing Oscillo-

scope, another Tektronix waveform

processor, can be added to WP2000-

Series configurations to broaden the

acquisition capabilities even further.

System Block Diagram

Viewing Configurations

In some applications, it is necessary to

monitor several parameters before con-

tinuing with an actual experiment. Two

good examples from laser research

experiments are aligning the laser, and

monitoring the sub-nanosecond pulses

occurring in the laser train. For these

applications, where only visual signal

analysis is required, there are the

WP2000-Series viewing configurations

—effectively the world’s fastest oscil-

loscopes. For convenience, a variety of

displays is available. Television video

monitors can be used for viewing from

a distance. Storage monitors and hard

copy units can be used to generate

permanent copies.

For more detailed information on spe-

cific WP2000-Series configurations, and

the Digital Processing Oscilloscope,

contact the Tektronix Digital Applica-

tions Engineer nearest you.
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Waveform

Processing and

WDI TEK BASIC

Software

Because detailed signal analyses in-

volve more than simply estimating a few

waveform parameters, software is as

important as hardware when consider-

ing a measurement system. You may

well be looking for frequency domain

data from acquired time domain data.

Perhaps you must identify transient

pulses by correlating them to known

pulses. For these, and a host of other

applications, WDI TEK BASIC can help.

In many cases, complex waveform

analyses can be accomplished with one

line statements.
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The BASIC Approach

WDI TEK BASIC is an extended version

of the BASIC* programming language.

It is written in assembly (macro) lan-

guage for maximum speed of program

execution and minimum use of con-

troller memory. Tektronix developed

WDI TEK BASIC to facilitate array data

manipulations for waveform process-

ing. With it, users can perform analyses

of acquired waveforms that are either

beyond the scope of BASIC, or are not

attainable with standard BASIC pro-

gramming statements.

Easy to Program

WDI TEK BASIC is interactive. Pro-

gramming via the graphics terminal

enables users, even those without for-

mal computer programming experience,

to quickly develop measurement and

analysis routines. To assist operators,

system commands are provided to edit,

store, and retrieve programs easily. In

addition, WDI TEK BASIC responds

with an error message on the terminal

when statements are entered incor-

rectly.

*BASIC is an acronym for Beginners All-purpose

Symbolic Instruction Code. The language was orig-

inally developed at Dartmouth College, and today is

widely used in data processing applications in

science and industry.

Powerful Through Expanded

Capability

Many of the standard BASIC operators,

functions, and commands have been

retained. With the operators, you can:

add, subtract, multiply, divide, and ex-

ponentiate. Mathematical functions in-

clude: square root, power of e, natural

log, absolute value, truncate, random

number, sign (+ or —), sine, cosine,

and arctangent.

These operators and functions have

been extended to process entire wave-

forms (512-point arrays) as if they were

single-valued variables. This means

that you can write algebraic expres-

sions involving both waveforms and

single-valued variables.

Special Functions

Since waveform processing for analysis

often requires a knowledge of mean,

minimum, maximum, and rms values,

WDI TEK BASIC contains functions for

determining those values, and also con-

tains single-word commands for inte-

grate (INT) and differentiate (DIF).

These functions save a great deal of

programming time. There is also a spe-

cial function, cross (CRS), that can be

used for determining the point at which

array values cross a specified level.

Fast Fourier Transform

Analysis of waveforms and transients

often includes determining the fre-

quency components of acquired time

domain data. This can be accomplished

with the fast Fourier transform. The in-

verse Fourier transform is also pro-

vided to reconstruct time domain infor-

mation from frequency domain data. In

WDI TEK BASIC, these are simple com-

mands, FFT and IFT, that do not require

tedious programming. Both can be exe-

cuted by single-word commands, or

incorporated easily into longer user

programs.

Transfer Function Analysis

A transfer function mathematically de-

scribes the response characteristics of

a circuit or a system. By measuring and

analyzing both the input and output

signals, one can develop the signal

transfer characteristics of the circuit or

system under test. When cw techniques

are inappropriate, transient analysis

techniques are required. This is often

the case in ‘real life’’ environments,

and it is in these cases that the WP2000-

Series waveform analyzers are most

useful.

WDI TEK BASIC allows the user to write

his own transfer function algorithms.

While the transfer function analysis is

a complex measurement to perform, it

is probably one of the most useful

measurement tools available to the ex-

perimenter today.

Software Digital Filtering

When it is required that a signal be fil-

tered, and it is prohibitively expensive,

or not practical to build the desired fil-

ters from electronic components, digi-

tal filtering often provides a solution.

The ability of WDI TEK BASIC to simu-

late desired circuit effects, through

operations such as integration, Fourier

transform, etc., enables users to syn-

thesize the required filter.

Signals and Noise

Software techniques useful for viewing

signals in the presence of noise include

signal averaging and correlation. For

repetitive signals, averaging can be

used to remove uncorrelated noise. In

other applications, such as locating an

echo following a stimulus pulse (echo

ranging with lidar, radar, and sonar),

cross correlation can be used. Auto

correlation is also provided, and can

be used to detect extremely weak sig-

nals accompanied by noise, or to detect

the presence of unknown periodic

signals interspersed among seemingly

nonperiodic signals.

CP1100 Series Controllers
To enable users to take full advantage

of the powerful WDI TEK BASIC soft-

ware, the WDI analysis configurations

use TEKTRONIX CP1100-Series con-

trollers. These controllers feature:

memory capacities of 16K or 28K, 16-bit

words; power fail/restart; automatic

priority interrupt, and an asynchronous

serial interface to the graphics ter-

minal; and interfaces to the tape cas-

sette or paper tape reader/punch.

Data logging, the ability to store wave-

forms and programs on magnetic tape

cassettes or punched paper tape,

greatly enhances the versatility of the

equipment. Program libraries may be

conveniently stored and retrieved as

required. Results of progressive analy-

ses may be stored for future reference

or expansion when subsequent data are

obtained.

To learn more about WDI TEK BASIC

software, circle #1 on the attached

card, return it to us, and we’ll send you

a 32 page WDI TEK BASIC Program-

ming Aid.


