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AN INTRODUCTION TO
®COMPUTER AIDED DESIGN

Alan Winslow is an engineering manager (SID Portables) working on planning and implermenting CAD
systems for the Service Instruments Division. Alan joined Tek in 1975 from Bell Laboratories where he
participated in the development of the 1A Central Processor, Bell Systern's largest computer to date.
Alan holds an MS and a PhD in Electrical Engineering from the University of lllinois.

The following article is the first in a series taken from Forum
18, CAD/CAM at Tektronix. The Engineering Activities
Council sponsors forums to promote the communication of
engineers’ view of new technology to Tektronix
management.

Computer-aided design (CAD) is vital to Tektronix’
continued success; in fact, I believe that CAD tools are
essential to the long-term health and success of any
company wishing to remain technology-driven. Over the
next five to ten years, CAD tools will dramatically affect
how all of us do our jobs.

This article will include:
e a definition of CAD,
e a discussion of why CAD is important for all of us,

e a brief survey of CAD activities inside and outside
Tektronix,

e some suggestions for implementing CAD, and

e alook at the benefits and risks of an aggressive CAD
program.

DEFINITION

CAD is an acronym for computer-aided design. However,
let’s take that definition one step further. At the core, CAD
is a human/machine team whose objective is to improve
human productivity. As is the case in developing most
teams, it is useful to look at the relative strengths and
weaknesses of the team members.

Humans tend to be slow, emotional, and unpredictable,
while the computer is extremely fast and far more
predictable. Fortunately, humans possess some offsetting
characteristics valuable to the CAD team: creativity,
judgment, and achievement-orientation. This team member
profile makes it natural to assign the drudgery to the
computer and leave creativity, intuition, and judgment to
humans. Further, because it is people — not computers,
CAD, or any other capital acquisition — that will achieve
engineering objectives, the human must be the captain of the
team. Thus, we arrive at the first law of CAD survival.

FIRST LAW OF CAD SURVIVAL

CAD must cater to and complement the human. Adherence
to this law is essential to successfully implementing a CAD
program.

Let’s consider some of the implications of that first law.
First, Tektronix needs more CAD capacity than we use.
This extra capacity ensures that the tools are available on
demand to the CAD user — even though we may find
ourselves with expensive equipment being utilized at only
60% to 709 of system capacity.

Second, when implementing a CAD system, managers must
precisely understand the intended use of the system. If they
fail to clearly identify user needs before acquiring or
implementing a CAD system, productivity improvements
and other potential CAD benefits are highly unlikely. A
thorough understanding of user needs will help managers
select or develop the right CAD system.

Last, CAD tools must be:

e available,
easy to use,
reliable,
friendly, and
supported.

In short, the interface between the user and the CAD facility
must be superbly human-engineered. Otherwise, potential
users will avoid the CAD tools, and CAD will fail.

CAD IN DESIGN DEVELOPMENT

Where can CAD be used in the development process?
Historically, CAD has been applied primarily to analysis
problems where logic is complete and systematic. SPICE,
logic simulators, and transmission-line analysis programs
are examples of such applications.

Today, CAD can be used throughout the development
process. As the cost of computers has dropped, the role of
CAD in the development process has expanded. CAD is
now being effectively used where logic is heuristic (based on
assumptions as opposed to rigorous analysis). The human
directs the development process at branch points which
require judgment and intuition, while the computer
performs the drudgery between these branch points. Two
examples of this application of CAD are the creation of
mechanical drawings and the use of interactive graphics to
design ECBs.

Today CAD can aid the user at virtually every step in the
development cycle including schematic drawing, creating
mathematical models, design analysis, data reduction,

Continued on page 4
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design modification and re-analysis, final design drafting,
NC tape preparation, and project control.

The technological elements of successful CAD are:

® Direct interactive communication — to facilitate
communication between the human and the machine.

® Graphics — to bridge the communication gap between
the computer and the human.

® Common data bases — to minimize communication
problems between the various disciplines involved in
product development.

® Srate-of-the-art analysis programs — to evaluate
state-of-the-art designs.

WHY CAD IS IMPORTANT

One aspect of professionalism is the use of the most
advanced tools available. Today, CAD is among the most
advanced tools that we can put in the engineer’s hand. To
remain at the cutting edge of their professions, mechanical
engineers should be using structural analysis programs like
SAPS, analog circuit designers should be using SPICE, and
logic designers should be using logic simulators.

To illustrate the importance of using advanced tools,
consider developing software for a large project without
high-level languages and advanced development utilities.
Development cycles would increase by a factor of three-to-
five and, because their talents would be significantly
underutilized, it would be difficult to keep competent
professionals on the job.

Other companies recognize CAD’s importance:

e Boeing currently employs close to 400 engineers
developing, extending, modifying, and using
CAD/CAM tools.

e Two of the nine divisions at Bell Laboratories are
developing CAD tools for their business activities as
well as their engineering activities.

® Pete Estes, chairman of the board for General Motors,
stated that "CAD tools shortened the X-car
development by 18 months.”

e Merrill Lynch predicts that the commercial CAD
market will grow 449% per year over the next five years;
in 1979, the commercial CAD market grew faster than
449%,

For Tektronix, I believe the choice is simple: Vigorously
obtain and use the best CAD available, or risk obsolescence.
In a technology-driven business such as ours, professional
obsolescence is intolerable. It is important for all of us to

recognize this fact and support the growth of CAD/CAM
capabilities at Tektronix.

WHAT'S AVAILABLE IN CAD?

There are computer-aided design tools available for
virtually all disciplines involved in new product research and
development at Tektronix. On my desk, for example, I have
both a microfiche file with references to over 4,000 papers
written on CAD and CAM and a notebook of
manufacturers’ literature with over 500 pages describing
commercially available CAD/CAM equipment. I'm
confident that, with investigation, you will find the right
CAD tools for your needs.

Generally, CAD capabilities take one of five forms:

e software programs,

computers,

computer peripherals,

turn-key systems, and
programmable bench equipment.

Computer peripherals provide I/O capability for a specific
aspect of CAD; examples of such peripherals include
penplotters and photoplotters. Turn-key systems are usually
minicomputer-based systems combining software
programs, computers, and computer peripherals into a
package targeted at providing CAD capabilities for one or a
few disciplines. Examples of programmable bench
equipment include MDAs (microprocessor design aids),
GPIB (general-purpose interface bus) test-and-
measurement gear, and terminals.

For major CAD acquisitions, the deciding factor between
systems is usually software capability. Software is the
driving force behind the strength of most large CAD
systems.

WHAT IS HAPPENING IN CAD AT TEKTRONIX?

To give you a flavor of how we are already using CAD, here
are a few examples of today’s CAD activities at Tektronix.

e (Circuit design and analysis. Tektronix has a very
advanced analog-circuit simulation package, SPICE;
for reliability analysis, we have RELY; and for digital
minimization, we have LOGMIN (primarily used in
IC design).

® Logic simulation. For logic simulation, we have
TEKSIM and SALOGS (whose primary application
is IC design) as well as the recently introduced state
machine synthesizer (SMS) program (from the
CAD/CAM Development group).

e Software design. For microprocessor software, we
have TESLA. It would be worthwhile to look into
some of the Microcomputer Development Products
business unit’s tools for help in designing
microprocessor software. Tek Labs is presently
working on a software archival system.

e JC and hybrid design. We have a very good hybrid
circuit design package, HCAD. Jack Hurt and
Clayton Mohr, the designers and implementers of this
system, discuss HCAD in an upcoming Technology
Report article on computer-aided hybrid circuit
design. We have numerous monolithic IC computer
design aids.

¢ Etched circuit board design. Tek has much activity in
etched circuit board CAD. For etched circuit board
automated placement and routing, we have the
PIRATE program (under development in the
CAD/CAM Development group) as well as the
REDAC system in Wilsonville.

e Schematic digitizing. For schematic digitizing, we
have ASAP and the Applicon systems as well as
SPRIG, a recently acquired system from Bell
Northern Research that combines both automated
placement and routing and digitizing. Roger Bonzer
discusses schematic digitizing in an upcoming article
entitled, "From Logic Schematic to ECB With
Computer-Aided Design.”
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® Mechanical engineering, drafting, and analysis. We
have SAPS for structural analysis and DDN for design
drafting. Finite element modeling is operational on a
DEC VAX 11/780 computer. Jim Carden discusses
this topic in a forthcoming Technology Report article
on mechanical CAD/CAM.

CAD FACILITY SELECTION

After examining your CAD requirements, you'll probably
find you need a spectrum of computer resources. At the top
of the spectrum, you will require a large mainframe
computer (such as the Cyber 173) to execute compute-
bound analysis programs (programs requiring a lot of
computer processing) such as SPICE.

Moving down the spectrum, you will need a time-sharing,
interactive system specialized for your discipline. These are
usually turn-key systems. The Atex (text editing) and
Applicon (ECB digitizing) systems are examples of
specialized machines.

At the bottom of the spectrum, you will require local
computer power (at the bench) to ensure a high degree of
user interaction. This last requirement stems directly from
the first law of CAD survival, cater to the human.

What sort of architecture is necessary to interconnect this
spectrum of resources? A good choice is a multicomputer,
hierarchical, networked system. Such a network will not
restrict any area into a single CAD resource but will allow
users latitude in selecting the best CAD for each job.

Allowing users a strong role in the selection of CAD
facilities will encourage their buy-in and, therefore, their
support and use of the facilities.

Because CAD is expensive, Tek needs an architecture that
will allow us to expand our capabilities over the long-term.
A computer network will allow for that evolutionary
growth. All in all, a multicomputer networked system will
put Tek on firm ground for CAD technology growth in the
80s.

BENEFITS

An aggressive CAD program brings substantial benefits.
First, CAD allows us to consider and evaluate designs that,
without CAD, would require excessive time. Evaluating
more design alternatives and using design verification
programs (another part of CAD) will enable us to produce
higher quality designs.

Second, by automating manual tasks in the development
cycle, we can shorten the development schedule, thereby
getting products to the marketplace more quickly.

Third, with a multicomputer network, we can establish a
common engineering data base. Through this common data
base, we can improve interfacing, acquire up-to-date data
for making engineering and management decisions, and
encourage design commonality.

Finally, engineers accelerate their learning pace when
working with state-of-the-art analytical tools. Also, through
design verification, senior designers pass on their experience
and judgment to less experienced personnel.

RISKS

A CAD-system is not without risk. First, we must avoid
revolutionary implementation. An aggressive CAD
program requires changing operational methodology and
retraining CAD users; both of those activities take time.

CAD represents change, and because most people resist
change, it can create psychological barriers to productivity.
Managers should present CAD in the most positive,
nonthreatening fashion possible to the people who will be
using it.

Avoid the NIH (not invented here) syndrome. Managers
shouldn’t approach CAD users with the attitude that they,
the managers, have found the newest and best way for the
users to do their job; they will resist CAD at every step.
Alternatively, if users are involved in the planning,
implementation, and operation of the CAD facilities from
the start, they’re more likely to readily buy-in.

Last, over-reliance on CAD can produce weak engineers. If,
instead of using judgment and creativity, engineers let the
computer do as much of the job as they possibly can, they
won'’t be contributing their part (creativity, judgment, and
intuition) to the CAD team.

SUMMARY

CAD’s goal is to improve human productivity. CAD is
critical for any company wishing to remain technology-
driven in the 1980s. CAD requires a long-term commitment
to evolutionary growth; a multicomputer, hierarchical,
networked system is a viable structure for that long-term
growth.

FOR MORE INFORMATION

For more information or to discuss implementation of a
CAD system in your area, contact Alan Winslow at ext. B-
6107, d.s. 39-121. O

ARE YOU A
COMMITTEE MEMBER?

Are you a member of an industry-wide committee?
Technology Report can publish your committee assignment
or your report on committee activity. To report your
committee assignment, we need your committee’s name,
your name, your delivery station, and your extension. You
may also submit similar information about an associate’s
committee assignment.

To publish a report on committee activity, you need only
submit a draft of the report to TR. We will work with you to

prepare finished copy. Send your report to Technology
Report, d.s. 53-077. O
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PATENT RECEIVED: No. 4,137,479

MESHLESS SCAN-EXPANSION CRT o

Vertical

Bo Janko, Deflection Q3 Q4 ]
Electron Device Q1 Q2

Engineering,
ext. B-6651

High-performance CRTs for
oscilloscopes require a post-deflection ||
electron lens to magnify the size and Side View
increase the brightness of the display.
Without this magnification, designers Horizontal —
would have to reduce one or more of Deflection
the following performance
characteristics of deflection
amplifiers: sensitivity, bandwidth, or Q1 Q2

sweep rate; or they would have to
design a more complex amplifier. #

The conventional electron lens is
usually made from a fine metal mesh
which is easily contaminated with
particles during the manufacturing
process; this contamination causes a Top View
high reject rate. In the finished CRT,
the mesh has properties that tend to —

cause beam aberrations (defocusing); - : : X
it also intercepts electrons thereby Figure 1. Side and top views of a stylized quadrupole lens system. Note the

slightly reducing display brightness. expansion of the vertical and horizontal deflection angles by lens Q4. This system
Tek CRTs having such mesh scan- employs four quadrupole lenses: Q1 through Q4.

expansion lenses are used in the 7904
and 465 oscilloscopes. \ ELECTRON

MESHLESS SCAN EXPANSION &

The meshless screen expansion (MSE)
technique Bo invented is based on-an
electron lens similar to types used in

nuclear particle accelerators. This lens [ //// i
is called a quadrupole acceleration "‘// 12, ~ | g
lens. Bo became familiar with such 4

mNTAL
DEFLECTION

lenses as a physicist in nuclear
research.

Instead of having a fine mesh screen,
the quadrupole acceleration lens is
made of contoured metal electrodes.
With quadrupole lenses, CRTs can be GEOMETRY
more compact and have crisper CORRECTOR
displays, thus they are excellent for

very high performance portable Q4 ACCELERATING / U
SEOAPCE: QUADRUPOLE LENS

The meshless scan-expansion CRT

Figure 2. A CRT structure employin a meshless screen expansion system havin
structure  uses three or four g ploying P y g

quadrupole lenses. The electron beam is shaped and deflected as the beam passes
Continued on page7  through the CRT stages.
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GROUP PROFILE:

» ENVIRONMENTAL LABS

Herb Zajac, manager

The staff of the labs: Seated from left to right, Herb Zajac
(manager), Jim Smiley, Ruth Ann Rose, and Jo Ann
McCollister; standing, from left to right, Tom Basta, Bob
Woolhiser, Henry Benitez, and Bill Verhoef.

Our business is environmental stress, the stress produced
by the product itself or imposed on the product by
weather, transportation, carelessness, warfare, and by
other electronic products. We are equipped to simulate
these stresses and determine whether a product can
survive the adverse electromagnetic, mechanical, and
atmospheric conditions that Tek products sometimes must
endure.

Business units consult us about designing to resist
environmental stress. With our experienced staff,
complete facilities, and ready access to outside resources,
we are prepared to help designers anticipate and solve
environmental problems at any time, but this help is most
effective while the product is on the drawing board.

Because we have the equipment to analyze vibration
problems in production machinery, manufacturing groups
also use our services.

In the labs, we conduct both operating and nonoperating
tests. Nonoperating tests simulate environmental stress of
shipment or storage and are more severe than tests the
instrument must pass while operating.

There are three labs within the Environmental Labs. All
three labs test products for operator safety.

The Electromagnetic Compatibility Lab (EMC) tests for
radiated and conducted electromagnetic interference from
Tek products. Further, the EMC Lab tests the reaction of
Tek products fo external electromagnetic interference.
This lab also does x-ray emissions tests and electrostatic-
discharge tests. In addition, tests relating to Federal
Communications Commission (FCC) and Food and Drug
Administration (FDA) regulations are performed here.

The Dynamics Lab performs shock, vibration, and transit
tests on packaged products, and also conducts
accelerated-life tests. The Dynamics Lab has, or can build,
mechanical-stress-testing equipment suitable for industry-
recognized procedures.

The Atmospheric Lab evaluates product reactions to
humidity, temperature, ozone and sulfate atmospheres,
salt spray, and ultraviolet light. This lab also tests for
flammability.

The sources of our test procedures are usually the
appropriate military specifications, not because they are
the most rigid (some Tek specs are more rigid), but
because they spell out the test methods in sufficient detail

Continued on page 8

Continued from page 6

quadrupole lenses. The interrelation
of these lenses provides a high-quality
electron-optical system, analogous in
function to a high-quality objective
lens in a camera.

In applying this invention (see figures
1 and 2),a CRT is provided with a dual
quadrupole lens (Ql and Q2) for
focusing the electron beam prior to the
beam passing into the vertical
deflection plates. The electron beam,
after being vertically deflected in the
vertical deflection plates, passes into a
second quadrupole lens (Q3) which
focuses the vertically deflected beam
and increases the angle of deflection as
the beam next passes between the

horizontal deflection plates which
horizontally detlect the beam. The
scan and geometry of the horizontally-
deflected beam is made more linear as
it passes through a lin€ar geometry-
correction electrode. The beam next
moves through a post-deflection
acceleration expansion lens (Q4). This
third, and final quadrupole lens,
comprised of parallel tubes having
contoured sections, expands the scan
of the beam and accelerates it. The
beam, with little distortion, next
strikes and excites the fluorescent
screen.

PRODUCT APPLICATIONS

Tektronix developed the meshless

scan expansion CRT for top-of-the-
line oscilloscopes. The MSE CRT is
particularly well suited for top-of-the-
line portables because of its
compactness and performance.

Many other manufacturers make
portables that compete with Tek in
both price and performance. But the
MSE CRT outperforms by far all
conventional CRTs and, thereby, will
help keep Tektronix the performance
leader.

FOR MORE INFORMATION

For more information, call Bo, ext. B-
6651. 1
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to insure repeatability (see "Demystifying MIL-T-28800,”
July Technology Report).

THE ELECTROMAGNETIC COMPATIBILITY LAB

The Electromagnetic Compatibility (EMC) Lab conducts
three kinds of tests: One, emissions tests, where we
measure the radiation a product produces while operating.
Two, susceptibility tests, where we check whether
radiation from other sources will prevent normal
operation of a Tek product. Three, conducted-interference
tests, where we check whether products connected to the
same power line will interfere with each other.

The EMC Lab makes conducted-emissions tests on all
three wires of the power cord (including the ground wire).
Measurements are made on each wire using a one-turn
current transformer around the wire. The output of this
transformer is measured with a spectrum analyzer or an
amplitude-calibrated receiver. These tests are made at
frequencies from 30 Hz to 50 MHz.

In radiated testing, calibrated antennas pick up
electromagnetic radiation from a product. We measure this
"signal” with a spectrum analyzer or amplitude-calibrated
receiver. We perform radiated magnetic-field tests at
frequencies ranging from 30 Hz to 30 KHz and electric-field
tests from 14 kHz to 1 GHz.

Susceptibility testing subjects a product to external
sources of electromagnetic radiation. We test by injecting
signals in the range from 30 Hz to 400 MHz. We also
subject the product to magnetic-field radiated signals from
30 Hz to 30 kHz and radiated electric-field signals from 14
kHz to 1 GHz.

The EMC Lab conducts electrostatic-charge tests to
determine the charge build-up on a product (or parts of a
product) and the susceptibility of a product to external
electrostatic charge. These tests are important because
semiconductors are charge-sensitive.

The manager of the EMC lab is Bob Woolhiser, ext. B-
7887.

Figure 1. Bob Woolhiser using a Tektronix 7L12 Spectrum
Analyzer to test for electromagnetic radio-frequency
interference conducted from a Tek product (not in picture).
The antenna in the foreground is used for radiated-
emission testing.

THE DYNAMICS LAB

The Dynamics Lab conducts three types of tests on
products, components, and subassemblies: engineering
safety-factor evaluation, use-environment tests, and
transit environment tests.

Engineering safety-factor evaluation tests determine the
fragility of a product with a vibration-search test and a
shock test. In a vibration-search, we observe a product’s
movements as the vibration frequency is slowly varied
from 10 Hz to 55 Hz (or higher). A strobe lamp detects

ELECTROMAGNETIC
COMPATIBILITY (EMC) LAB

ATMOSPHERIC LAB

DYNAMICS LAB

SUSCEPTIBILITY

B ELECTROSTATIC B OZONE B SHOCK
B RADIATED EMANATION B HUMIDITY B VIBRATION

B CONDUCTED EMANATION B ALTITUDE B BENCH HANDLING

B X-RADIATION B TEMPERATURE B ACCELERATED LIFE

B INSTRUMENT INTERFERENCE B ULTRAVIOLET B PRODUCT SAFETY

B PRODUCT SAFETY B FLAMMABILITY B PACKAGED INSTRUMENT
B FOOD AND DRUG COMMISSION B SALT SPRAY TRANSIT

B FEDERAL COMMUNICATION COMM. B SULPHIDE

B ELECTROMAGNETIC

Figure 1. There are three labs in the Environmental Labs. This figure lists the labs and the tests that each lab performs.
The Environmental Labs advise Tek people about environmental stresses, perform all required environmental and
product-safety tests, and maintain environmental test facilities.
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