3

ON THE HISTORY AND ENVIRONMENT OF TEKTRONIX

Some basic information about Tektronix history,
instrument concepts, technology, and some overviews
of related industries, important customers, and key
competitors.

INTRODUCT ION

This volume contains basic information about the history and
environment of Tektronix. It was prepared jointly by the
Management Development Department and the Marketing Information
and Research Department for use in management development
programs at Tektronix.

The materials are intended to acquaint new middle managers
with basic factors and forces that have shaped and are

shaping Tektronix. They are meant to be used in a class or
other discussion format. The materials refiect a Tektronix
commitment both to long-range planning and to involving middie
managers in discussions of the nature, values, and prospects
of the firm.

October 1978
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CREDITS

The History materials owe much to W.K. "Dal" Dallas, the first sales manager
for Tektronix. Although Dal left Tek more than 15 years ago, he still feels
strongly and warmly about the Company, and with patience and care he helped me
gain a perspective on the early days.

Other people who gave generously of their time included Earl Scott, Derrol
Pennington, Bill Webber, Oliver Dalton, Norm Winingstad, Lang Hedrick, Wim
Velsink, Keith Williams, Paul Bennett, Frank Hood, Jean Delord, Barrie Gilbert,
Tony Sprando, Bill Strong, Marlow Butler, Qich Reisinger, Joe Floren, Cl1if
Moulton, Guy Frazier, Jim Castles, and Don E11is. This 1list is not complete
as many people have heiped me out along the way. [ accept full responsibility
for the results, for each of these people experienced Tektronix in a slightly
different way, and I doubt if a definitive history will ever be possible.

The History materials were sponsored by the Management Development Department,
and 1 wrote them in Spring 1977 while in their employ. Larry Reierson, Manager,
deserves credit for both sponsoring and protecting the history effort. I hope
that someday soon someone else will pick up this effort and carry it on.

The article on advanced instruments was written by Gene Chao of Tek Labs, and
once it is read it sticks in mind as the definitive way to envision instruments
in a conceptual sense.

The article on programmable instruments was written by Harry Gregor who now
works to market Spectrum Analyzers.

The technology overviews of semiconductors and displays were contributed by
Norm Heyerdahl, Doug Ritchie, and Aris Silzars who wrote in their various
roles within Tek Labs. (Doug Ritchie, however, has since left Tektronix.)

The Industry Overviews, the Competitor Overviews, and the Customer QOverviews
represent the mainstream of the Department's work and concerns. Specific
contributions were made by Bil1l Mumford and Harry Watkins to the articles on
the computer industry, the telecommunications industry, and the American
Telephone and Telegraph Company.



The Customer Overview on the U.S. Government was written by Duane Bowans and
updated by Herb Richardson.

Robert Bosler
Editor/Project Leader
October 1978
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TEKTRONIX: THE ENTREPRENEURIAL PERIOD, 1946-1954

PART 1: BIOGRAPHIES

Charles Howard Vollum

Charles Howard Vollum was born on May 31, 1913, in Portland, Oregon. He
graduated from St. Agatha's School and St. Stephens (now Central High School),
and he attended Columbia University (now the University of Portland) for two

years.

Legend has it that he built his first oscilloscope while at Columbia University.
An early acquaintance, Frank Hood, remembers one of those early instruments as
looking 1ike a "breadbox crammed with parts with a piece of sewer pipe on top"
(the sewer pipe was to shield the display from the earth's magnetic field).

Legend also has it that Howard tried to transfer to Oregon State but was
turned down for lack of credentials; he then took his oscilloscope over to

Reed College, where he was accepted.

Reed College at the time had some extraordinary educators in its physics
department, including Dr. Marcus 0'Day and Dr. A. A. Knowlton. Dr. Knowlton
particularly was noted for the quality of students he trained which resulted
in Reed College ranking ahead of colleges such as Stanford in numbers of
graduates listed in American Men of Science during the 1930's. Dr. Knowlton
published a textbook in 1928 which revolutionized college physics instruction
by approaching physics from a humanistic rather than purely technical stand-
point. Dr. Knowlton was also noted for his fierce and lifelong espousal of
academic freedom. He taught at Reed College for 33 years. Dr. Knowlton
consulted for industry and found, for example, a method for solving the pro-
blem of static electricity blotting out airplane radio reception.

Howard's senior thesis in physics at Reed was "A Stable Beat Frequency Oscillator
Equipped with a Direct Reading Frequency Meter". The thesis reflected Howard's
determination to design instruments that would, as Frank Hood remembers that



Howard said many times during this period, "produce not gqualitative readings,
but quantitative readings." In fact, the instrument that Howard built and
described in his thesis offered an accuracy in measuring frequency of 1 percent
at a time when conventional designs could measure to only 10 percent. Howard
also built an oscilloscope at Reed that was still in regular use 22 years
later (on the 10th annijversary of Tektronix).

After graduating from Reed in 1936, Howard worked on his own for a while
repairing electrical appliances, then joined the M. J. Murdock Company.
Howard worked at servicing and installing home and auto radios and air con-
ditioning devices for four years until, in 1940, he placed first in a com-
petitive exam and for $150 a month supervised the Radio Project of the National
Youth Administration, a defense project to teach young people the basics of
electronics.

At the age of 26, Howard Vollum was drafted. He would later say that it was
“the only lottery I ever won". On March 4, 1940, his military career started
with infantry training at Camp Roberts, where he stayed for nine months.
Legend has it that during this period the Camp General's radio broke down, and
Howard fixed it with ease. In any case, Howard received the first direct
commission ever given at Camp Robefts and was transferred into the Signal
Corps and was assigned to the Electronics Training Group.

At the time, the custom was for members of the Electronics Training Group to
be sent to England for a period of eight months duty as radar maintenance
officers since British radar technology was foremost in the world. Instead of
radar maintenance, Howard was sent to the English radar laboratory, the Air
Defense Research and Development Establishment. The January 10, 1956, issue
of Tek Talk describes that assignment as follows:

"There he worked for almost two and one half years as a development engineer
on a high resolution radar for aiming the 15-inch Coast Artillery guns at
Dover. This radar was easily the most accurate in service at that time,
having a range error of three yards at 20,000 yards (about 11% miles) and
asimuth or angular error of 1/20 of a degree. This radar was very effective
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in aiming guns which sank German ships trying to sneak out of the English
Channel at night. For this work, Howard was awarded the Legion of Merit
Medal."

“On his return to the USA just a few days before 'D Day', he was assigned to
the Evans Signal Laboratory at Belmar, New Jersey. There he worked on radar
detection and Jocation of enemy mortars. This is accomplished by observing
the flight of the shells and using this data to compute the location of the
mortar. The same radar-computer combination is used for laying our own mortar
fire on enemy mortar positions. For this work, he was given an Qak Leaf

Cluster indicating a second award of the Legion of Merit Medal."

wWhile at the Evans Signal Lab, Howard met Bill Hewlett, who was stationed at a
nearby Signal Corps lab in Washington, D.C. Bill Webber, who knew Howard at
the time, remembers Bill Hewlett saying years later, "our biggest mistake was
not hiring Howard Vollum. I wrote Dave Packard telling him to hire Howard,

but he never did it . . . ."
In any case, after the war, Howard Vollum decided not to move to Palo Alto,

California, where the electronics industry was starting to form. Instead, in
late 1945, Howard returned to Portland.

Melvin Jack Murdock

Jack Murdock was born in 1917 in Portland, Oregon. While attending Franklin
High School he wrote in an autobiography the following:

"After leaving high school and establishing a business of my own, I intend to
go further into the study of radio phenomena. I would like to learn all there
is to know about radio, if it is possible. I shall probably carry on many
experiments in this field, and also, possibly some other branches of science.
If 1 do all that I hope to do, I shall probably make some inventions. I have
at present several ideas for inventions, which if put to use would be of great
benefit to the people of the world . . . . . I believe that the possibilities
of radio are unlimited, and that the majority of the people have no idea of
what radio's future holds in store."



When Jack Murdock graduated from high school in 1935, his father told him that
some money had been set aside and that Jack could use it either to go to
college or else to start his own business. In 1935, Jack opened a radio and
electrical appliance sales and repair shop at 67th and Foster Road in south-
east Portland. About a year later he met and hired a recent Reed College
graduate, Howard Vollum, to handle the radio service duties.

The January 10, 1956, issue of Tek Talk continues the story:

In 1939, the 67th Avenue location became too small for Jack's operation. As a
result he bought a building at 59th and Foster. After remodeling and paint-
ing, this became one of the most complete and attractive appliance stores in
the city. The main feature was a G.E. model kitchen, complete with everything
necessary to cook and serve meals."

"Just as things got going in good style, World War II broke out. Appliance
manufacture stopped and Jack closed up the appliance business to join the
Coast Guard. His knowledge of radio was immediately put to use. First assign-
ment was at the Seattle maintenance base. After a year of this duty, Jack
came back te Portland, in charge of a group of radio technicians. His last
assignment was as radar and racon installation man, operating out of Seattle."

While in the Coast Guard, Jack Murdock seemed to make friends easily. Later
some of these friends would work for him: Miles Tippery, Milt Bave, Bob
Davis, Ken Walling, Howard Gault, Paul Belles, Sandy Sanford, Chuck Gasser,
and Jim Castles.

In the January 10, 1956, issue of Tek Talk the following description of Jack
Murdock appears.

"In characterizing Jack, we canAsay he gains the respect and admiration of all
who know him by his quiet, sincere and genuine interest in arriving at the
most fair, reasonable and considerate solution to an individual's and to

Tektronix's problems.

]
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"Jack's personal philosophy is of interest to all. He believes that success
is available to anyone with ability, initiative, and a willingness to risk

personal security . N

Shortly after Jack Murdock's death on May 16, 1971, as a result of a seaplane
accident on the Columbia River, Howard Vollum wrote of Jack:

"Jack was a modest and unassuming man with no taste for the 1imelight. Yet he

was warm and outgoing. . . . .a person you could bring your problems to.
Jack was always oriented toward the customer's viewpoint, and toward the
ideal of service. . . . .He led by setting an example. Despite his achieve-

ments, he was a humble man, without pretense. He always felt that knowledge
was the key to solving any problem, and that if you knew enough about it you

could arrive at the appropriate solution."

W. K. "Dal" Dallas

W. K. Dallas was born and raised in Galion, Ohio. His first job was with
North Electric performing wiring and assembly on telephones. His next job was
in New York in 1924 working as a field salesman/engineer for Cutting and
Washington (later Colonial Radio), a small manufacturer of radios. In 1926 he
returned to Galion; then in 1928, he returned to New York to join Electrical
Research Products {ERPI). Electrical Research Products was a subsidiary of
AT&T formed to handle by-products of Bell Labs, principally "talking movies."
At ERPI, Dallas was a field engineer whose job was to sell, install and main=
tain movie equipment. In 1930 Dal was transferred to Hollywood, Californid,
as a part of the Recording Division of ERPI, where his job was to install and
maintain electrical equipment for recording and movie producing studios.
During this period in 1930, he married the boss's secretary, Hazel. In 1932

they had a daughter.

In 1941 Dal transferred to the Radio Division of Western Electric, where he
was a radar engineer attached as a civilian to the Navy and Air Force in a
liaison role in numerous places in the Eastern U.S. In 1942 he was assigned
to an Air Force anti-submarine squadron and served in Newfoundland, Britain
and North Africa. In late 1943 he returned to New York where he was the
supervisor of field engineers going into the Pacific Theater.



One of the field engineers that Dal supervised had long had a dream of return-
ing to Portland and to establish an FM station. Dal agreed to join him and at
the conclusion of the war drove from New York to his home in California, via
Portland. At that time, however, Dal stayed with his recording studio job.
Finally, in 1946, Dal came to Portland to join Stanley Goard in starting KPFM
radio. Since this was the start of FM broadcasting, times were hard finan-
cially so he became a manufacturer's representative for Neeley Enterprises, a
distributor of electronic components. One of Dal's first accounts in 1947 was
Tektronix, then located at 7th and Hawthorne. At the time, however, selling
electronic components was difficult because there was really not much of an
electronics industry. One day, Howard Vollum asked Dal whether Neeley was
going to be able to successfully maintain an office in Portland, and Dal
expressed some doubt. Then Howard said, "Well, someday we'll need a sales
manager,”" and in May 1948 Dal joined Tek as sales manager. Dal was Tek's
thirteenth employee (not counting the five founders).

Later Dal would say, "I had had contact with these people as a supplier of
components. I had other job options, but what made me really want to be a
part of what they were doing was their integrity."
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TEKTRONIX: THE ENTREPRENEURIAL PERIOD

PART 2: THE FOUNDING

Tektronix was founded on January 2, 1946, to produce oscilloscopes of unique

and advanced design. The premises of the firm were the corner store of one of
the founders, Jack Murdock. To support the firm through the design period, a
separate company was formed to sell and repair electrical appliances.

The principal owners of the firm were Howard Vollum and Jack Murdock. Howard
had been involved during the Second World War in advanced radar design and
application work in England and the U.S. and had twice received the Legion of
Merit award for his work. Jack had employed Howard in his appliance store
before the War.

The first product, the 511, took a year and one half to develop. This was a
hard period for the firm, as the retail appliance store did not do well. One
of the founders lost his nerve and left, taking the retail operation. He was
replaced by two other men, bringing the total number of partners to five:
Howard, Jack, Miles Tippery, Milt Bave, and Logan Belleville.

The 511 incorporated many of the advances in radar circuitry that had been
developed during the War, including automatic triggering. The scope was
calibrated to an accuracy of t 5 percent, had a good bandwidth, and weighed 65
pounds; preliminary estimates suggested that it would cost under $400 (all
expenses). It used a CRT tube produced by the Dumont Company. Dumont was
also the principal competition, although their product was uncalibrated, did

not trigger automatically, weighed 200 pounds, and cost $2000.

By mid-1947 the first oscilloscope was ready for sale. The founders gathered

to decide upon how best to sell this new product.



TEKTRONIX: THE ENTREPRENEURIAL YEARS

PART 3: TRBE FIRST FEW YEARS

In mid-1947 Tektronix offered the 511 for sale at a price of $595 (cost plus a
"fair" profit). The 511 featured automatic triggering, calibrated readings,
high accuracy, good bandwidth, and relatively light weight. The primary
competition was a product without calibration and triggering that sold for
about $2000.

Early sales were handled by sales representatives, but by 1950 Tek began to
set up its own field offices in order better to channel product design infor-
mation to the design engineer. The Field Engineers were chosen from factory
personnel for their technical abilities and were directed to place first
priority on restoring malfunctioning instruments to service. The home office
regularly air-mailed replacement parts and charged cost plus a small margin
for the replacement parts. However, neither the Field Engineers nor the
factory personnel seemed to be able to provide much information on how the
products were being used; no information system existed that would tell who
bought how many; and manufacturing and sales forecasts were consistently
inaccurate.

In order to maintain product leadership, a team of men from the Portland area
was assembled. The engineers, as well as other employees, were not sought out
but rather were hired only after lengthy interviews and written and manual
tests of ability. Often the selection process would stretch over a period of
several months. Friends and relatives of existing employees were given pre-

ference in the hiring process.

In general, the new engineers each strove to be identified with a product, and
a steady stream of new products resulted. During this period, individual work
teams were often fiercely independent, and occasionally the tools and designs

of rival groups disappeared during the night.
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During this period the founders were familar sights. Howard Vollum in parti-
cular walked about and was known for asking a favorite question: 'why are you
doing it that way?" Howard also taught electronics courses for employees in
perhaps a throwback to his NYA days before the War. Every now and again an
engineer angered at some comment or decision of Howard's would storm into the
office of Jack Murdock, who would listen quietly and sympathetically and
smooth the engineer back to work.

During the late 1940's and early 1950's no significant competition appeared.
The Dumont Company was engaged in a broad sweep of activities principally
centering on production of televisions, establishment of broadcasting com-
panies, production of television entertainment programs, and manufacture of
radars and television transmitters. The R.C.A. Company was similarly dis-
tracted by other ventures. The Hewlett-Packard Company did not produce oscillo-
scopes at the time and shared with Tektronix a common distributor in California,

Neely Enterprises.

By about 1952 a new crisis had begun to develop. The limitation on product
advancement began to be components and not circuit cleverness. The CRT tubes
purchased from RCA and Dumont were particular problems. The investment required
to develop a CRT facility and hire the necessary industry experts, however,

could break the small company.

Another problem also began slowly to develop. The oscilloscope was proving to
be a ubiquitous instrument indeed, finding uses in a wide variety of applica-
tions. The Field Engineers, however, were not in a position accurately to
gauge market sizes or even to specify how the products were used once sold.
The FE's could, however, speak for the customers in specifying in detail the
performance and feature requirements needed. Since each instrument was designed
to perform within specific parameters, it increasingly seemed important to
determine with precision the nature and sizes of the markets involved or else
find a way to design more flexibility into the instrument. Another alternative
was for the company to focus only on selected segments and diversify into
other instruments based on the success of such products as the 105, a square-

wave generator.



TEKTRONIX: THE ENTREPRENEURIAL YEARS

PART 4: THE EARLY 1950's

In late 1952 Tektronix commited itself to producing its own CRTs. The prin-
cipal persons involved in the effort were Derrol Pennington (a biochemist who
had taught at a medical school for the previous six years), Jean Delord (a

physics teacher at Reed who at first worked only during summer breaks), and

John Griffin (a glass blower). None had expertise with CRTs, but they were

given total responsibility for the task.

The principal method for developing the CRTs was brute force. In Derrol's

words:

"We worked hard making the first tubes. We had to succeed. But we could
move much more quickly then. We would make a gun during the day, insert
it into a tube, then put the tube on a pump to pump all night. We would
test it the next day, design a new gun and repeat the cycle day after
day. Over time that sort of schedule was tiring, but it was thorough and
effective. Every idea got tried out."

And, typically, at a key moment Howard Vollum made a suggestion--to try a
helix shaped accelerator--which revolutionized CRT technology.

Tektronix by that time also made other components: transformers, capacitors,

and instrument panels.

The new Tek CRTs were principally used in a new line of plug-in scopes, the
530 series, which were flexible and could be adapted to a wide range of cus-
tomer needs. The 535, introduced in 1954, was so flexible and of such quality
that it sold steadily for 22 years.

A1l suggestions that the firm d{versify into other product lines were rejected
by Howard Vollum who preferred to stick with oscilloscopes as long as the

growth and profits were there.



By the early 1950's Tek also began to be known for its innovative personnel
practices, inctuding: profit sharing, reluctance to fire employees, good
working conditions, free coffee, few status symbols, informal dress styles,
company newsletters and magazines, open cash boxes in the cafeteria, open
stock shelves in the engineering areas, area representatives kept informed of
company business, employee development, promoting from within, encouragement
of friends and relatives to work at Tek, a full-fledged human relations

department, open offices, and no reserved parking spaces.



CONSOLIDATED FINANCIAL STATISTICS

Calendar Years

1956 1955 1954 1953 1952 1951 1950 1949 1948
NET SALES 16,061 8,651 7,294 5,935 5,540 4,022 1,206 742 257
EARNINGS 2,293 822 798 395 490 388 117 135 26
% of Sales 14.3% 9.5% 10.9% 6.7% 8.8% 9.6% 9.7% 18. 2% 10.1%
Per Share 29¢ 10¢ 10¢ 3¢ 4¢ 3¢ 1¢ 1¢ 0.3%
INCOME BEFORE INCOME TAXES 5,021 1,779 1,733 1,367 1,737 1,279 246 236 41
% of Sales 31.3% 20.6% 23.8% 23.0% 31.4% 31.8% 20.4% 31.8% 16.0%
ANNUAL INVESTMENT IN FACILITIES 784 238 174 472 200 304 75 13 3
FACILITIES 2,256 1,482 1,247 1,073 604 404 100 25 12
DEPRECIATION EXPENSE _ 146 95 72 49 38 18 2 2 -
ACCUMULATED DEPRECIATION 417 = 276 182 110 61 23 5 . 3 1
PAYROLL BEFORE PROFIT-SHARE 3,950 2,212 1,614 1,245 1,120 301 282 176 113
EMPLOYEE PROFIT-SHARE 2,140 1,585 857 794 638 330 77 46 --
Employees at Year End 1,241 665 501 385 359 321 109 77 32
COMMON SHARES OUTSTANDING* 7,980 7,980 7,980 12,000 12,000 12,000 12,000 12,000 8,820
CURRENT ASSETS 5,470 :
CURRENT LIABILITIES 3,679
WORKING CAPITAL 1,791 (DOLLARS AND SHARES IN THOUSANDS)
INVENTORY 2,464
LONG-TERM BORROWINGS --
TOTAL ASSETS 7,309
SHAREHOLDERS' EQUITY 3,630
COMMON SHARE CAPITAL 266
RETAINED EARNINGS 3,364




EXCERPT FROM TEK TALK DECEMBER 1960

I

Ideas That Have Built Tektronix:

Believing that Tektronix owes its growth and stature not only to the research,
engineering and productive skills of its people but also to the unique and
vigorous ideas of its leaders, Tek Talk has begun a search to learn just what

some of these ideas are.

A1l too often, because we've grown big fast, we lose track of these philo-
sophies. Often they become hearsay, and sometimes even distorted, but still

they are a pervading influence.
The first interview is with President Howard Vollum.

Tek Talk: We hear a lot about the "Tektronix philosophy." Just what is that
philosophy?

Vollum: It's more an atmosphere than anything else. We try to give the
maximum amount of responsibility to everyone--depending on what his job is.
It's preferable to do that rather than set up a series of rules or laws.

Here, it's the responsibility of each person to do as he sees fit, within the

framework of his job.

Although some things we do are governed by our job-for example, how we must
dress--others things like common parking facilities, open cash boxes, trusting
people to do their own timekeeping, these are things common to all of us as

human beings.

We prefer not to have a series of status symbols--two more feet of office
space when you get promoted, then a rug with the next promotion, then a pad
under the rug.



Tek Talk: Do you feel people have no need of status symbols?

Vollum: The needs of individuals differ.‘ We try to meet those needs reason-
ably. 1 believe people who do have to rely on status symbols are insecure.
My experience has been that the most valuable people are those who don't have
to.

In any case, it's a matter of degree. If it doesn't interfere with others, we
don't pay too much attention. The big problem is, once you get this status
thing going, it gets competitive.

Some newcomers may mistake lack of status signs here for lack of position or

authority. This is not so. .

Your real status is the status you've earned--and when you've really earned
it, you don't need the symbols.

Tek Talk: How much does our atmosphere contribute to the company's success?

Vollum: It's hard to make a formal assessment, but many customers have told
me they like to deal with us, and that if our product and that of another
company were equal they would still do business with us because of our atti-

tude toward service and quality of product.

The willingness, for example, of our field engineers to do more than is called

for is quite an important thing. . .
Tek Talk: From what does our attitude of service and quality stem?

Vollum: One factor is that good morale tends toward good products. We don't

ever want to let the customer down.

I'm convinced that almost everyone wants to do a good job. The percentage who
do not is very, very small. One of the biggest causes of frustration is the
inability of a person on a job to meet his own standards. No one knows better
than he himself if he is or isn't meeting them.

~3 3 _3 3 _3 _3 _3 __3
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Tek Talk: How important is backing up each employee with all the equipment he

needs?

Vollum: I don't know that quality depends on equipment. You can go overboard
on this very easily. Several unsuccessful companies I know of concentrate
more on ways to do things than the atmosphere to do them in.

Often you hear, "If only we had this or that machine. . ." We have to guard

against this attitude.

Once again, it's a matter of judgment. You can pay a tremendous price for
having too little equipment--and you can decrease your profitability with an
excessive amount. Often, here because we're growing and changing so fast, the

life of equipment is short as to actual usefulness.

Buildings are no different. Inefficiency results from having too little
space. Yet they're pretty costly to build and maintain. We're doing our best

to steer an optimum course in our present building program.

What is really needed to do the job? This is an extremely important question

to work on.
Tek Talk: Is it hard to keep the Tektronix atmosphere as we grow bigger?

Vollum: It's a lot harder to maintain the atmosphere, just as it must be in
any company of any size, but it's still possible. Sometimes growth is used as
an excuse for lack of a creative atmosphere, just as, "If only we had this or

that machine" is.

Or at Tektronix we may hear, "It's not as nice as it used to be, but that's
the price we must pay for growth. . ." 1It's a convenient excuse, but not

necessarily true.

Keeping our atmosphere can be done, but it requires hard work. A company
accomplishes this goal almost automatically when it's small, because then

everybody sees everybody else.



When it gets big, directly informing each other is difficult because the top
people are insulated by the reguirements of their job. The solution is to get
the people who are in direct contact to act like the top people did at the
start. This isn't easy, because the people we hire for this purpose have
different backgrounds, outlooks and obligations to the company.

We feel that promoting large numbers of people from the plant to supervisory
positions, even if some may not be quite ready, is better than hiring super-
visors from outside. It gives each employee a feeling he has a chance.

Tek Talk: What about hiring staff from outside? There seem to be feelings
both for and against.

Vollum: There are times when both sides are right, and I'd hate to see either
in a dominant position. Some jobs reguire training--especially education--
that it's hard for us to duplicate.

There are exceptions, but we can't count on them happening in sufficient

numbers, and we can't expect to grow if we do.

However, sometimes there's a tendency for the grass to look greener elsewhere,
and just because we and our people are unable to do something, we may feel
there is a person somewhere outside who can. A1l too often this is not true.
Our basic philosophy is to attempt to develop the abilities of our own people
to meet our needs. Many things contribute to this development; Experience,
natural ability to adapt, private study and reading, formal courses, Tektronix

training programs.

Tek Talk: Does our attitude toward profit differ from other companies?
Vollum: I don't thﬁnk we're much different from most well-managed companies.
It's easy to confuse long- and short-term goals, but we try to ba]ance'them.

We can't do everything just to maximize the profit this year, nor can we put
off the idea of making profit to never-never land.

-3 _3



We try to look ahead, and also to act now in the way that customers like to
see us act. They don't expect us to give them anything. They expect to
receive something of value for their money. By giving just a little more than
they expect, we gain a great deal in dollars and good will.

Tek Talk: Could we be more efficient if we had a more highly structured

organization?

Vollum: There is a very serious tendency in some areas to do too much time-
wasting, but it's offset by the employees' willingness, energy and enthusiasm

for work when the pressure is on.

Again, somehow we must come to a balance and compromise between the two ex-
tremes. Too much restriction brings on this attitude: "If they're going to
make me act thus and so, then the heck with any extra effort. N

We have to be careful we don't destory morale. I don't think the problem of
goofing off is true of anything like a majority, nor does anyone do it con-
sistently, but some have more of a tendency than others.

Just because there are a certain amount of abuses in our system doesn't mean
we should condone them. We should do all we can to see that they stop.

Such abuses don't produce happiness for the persons who indulge in them. The

only happy persons are the ones who do good jobs and know it.

We don't want to give up the atmosphere in which each person is free to con-
tribute as much as he can. Yet it's not fair for the creative person--who
thrives on such an atmosphere as ours--to carry others who may take advantage
of it. The individual supervisor should talk to these latter people.

We can maintain our atmosphere by educational programs, by setting personal
examples, by counting it as a "plus" for an employee who does work hard.

Whatever faults we have, attempts should be made to correct them without the
necessity of making them the subject of a new rule or law. It's easy to
develop habits which can become insidious growths and can sap our strength

very rapidly.



Tek Talk: Does growth of the company mean adding more rules?

Vollum: We do have to add rules when we grow bigger--or to express those we
already have more formally. Everyone's needs are different, including the
rules and regulations optimum for him.

There is an optimum number of rules which gives a maximum of freedom. No
rules at all means anarchy. Without traffic rules you probably couldn't have
driven to work today. On the other hand, it's bad to have rules that are dis-

regarded.

We have a general policy of permissiveness. Management people differ in their
approach. Some are more authoritarian. Some only seem to be--and vice-versa.

There are different styles in management. A person is best off in his indi-
vidual style. When you try to put everyone in the same mold you have trouble.
We all can still have the same goals and so on, but just take a 1ittle dif-

ferent route to reach them.

Some people prefer one type of management in a company, some another.

Tek Talk: How much individual difference will our system tolerate?

Vollum: We couldn't have dishonesty, in the broad sense--persons who may say
one thing and do another. I don't think we can stand much in the way of
alcoholism either. These are the basic things. . . Also, actual insubordina-

tion is a problem for the supervisor. It indicates the employee's basic

insecurity, and his need for help.

By contrast, take a person who maybe is too outspoken at the wrong times.
There is no disgrace or moral failing to that, only bad judgment.

The more individual differences we can tolerate, the better off we are.

—3 & 3 3
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TEKTRONIX: THE 7000 SERIES STORY

Note: references to sales performance by years refers to fiscal years and not

calendar years. (Tektronix fiscal years end on May 31).

Part 1: Prelude

On June 5, 1962, Howard Vollum, co-founder and co-owner of Tektronix, re-
entered Company affairs in a decisive manner. Although sales had doubled in
the last three years to a level of $60 million, the return on equity had
dropped from 34 percent to 19 percent with no prospects of improvement in
sight. Further, the Company had recently been stung by the actions of its
arch-rival, Hewlett-Packard, and a tiny firm known as Lumitron. These firms
had both announced in 1962 sampling oscilloscopes which represented signi-
ficant advances in the state of the art; both the H-P and the Lumitron pro-
ducts were elegant approaches to the problem of capturing a high speed signal,
while the Tektronix product response (which required the hiring of expertise
from outside the Company) was not only a year later, but it also got hung up
in manufacturing and when produced showed an alarming tendency to destroy with

large bursts of current whatever it was supposed to measure.

In any case, the Company seemed to be getting out of control, so Howard's
first act was to edge out h1s dynamic and aggressive--albeit disorganized and
abrasive--Executive V1c§l£¥es1dent (who had been running Company operations
for the past four years) and take the reins himself. As events were to prove,
Howard's reassertion of control was well-timed, for the following fiscal year,
1962-63, was a period of down-turn in the electronics industry although Tek
came through with a sales increase of 16 percent (the 1963 annual report still

called it the "year of the down-turn").

About a month after taking over again, on July 17, 1962, Howard presented
plans for a thorough re-evaluation of Company problems, which he saw as pri-
marily deriving from a lack of "horizontal flow of information among managers



at various levels" which was causing "unnecessary duplication and. . .a frus-

tration in trying to get things done. . . . ." Accordingly, Howard announced
the formation of a "Management Group" consisting of nine principal officers
who would each head up one or more ad hoc planning groups on topics such as
the long-range building program, coordination of domestic and overseas opera-
tions, central vs. dispersed services, cost accounting procedures, training at
all levels, and so on.

On November 30, 1962, the "Ad Hoc Committee to Recommend a Product Planning
System for Tektronix" published its final six page report. Principal recom-
mendations were:

1. The various segments (Marketing, Research, Instrument Design, Future
Products, Manufacturing) should be adequately represented throughout the
phases of planning and development.

2. Innovation should be encouraged. Adequate scope should exist for pro-
jects to be initiated within the departments themselves. An environment
should exist whereby creative abilities are fully utilized.

3. Effort should be made to develop products consistent with our product
goals that will open new markets both here and abroad.

4, Activities of the various departments should be effectively coordinated.

5. The Tektronix product line should contain the best of overall solutions
to customer needs and the minimum harmful redundancies.

6. Tektronix products should be adequately tested prior to market to assure
a maximum degree of reliability taking into consideration intended use of

the product.

7. Instruments, accessories, and auxiliaries should be correlated throughout
the various stages from development through production to assure appro-
priate availability and compatibility.
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8. Marketing strategy (advertising, timing of announcements of new products)
should be an integral part of product planning.

9. Those most directly responsible for product development should understand
the product planning system and know how to use it.

10. The overall success of the product planning system should be evaluated

and used to improve the system itself.

This Report also listed the activities necessary to be carried out by the
total system for product planning and set up a Product Planning Strategy Group
headed by Howard Vollum himself. A year later, in October 1963, this start
was reinforced by a major reorganization of the Engineering function into five
product related groups: Advanced Circuitry, Instrument Engineering, Cathod
Ray Tube Engineering, Electron Physics Research, and Pre-Production Engineering.
Somewhat later the manufacturing areas were also reorganized into separate
product manufacturing and component manufacturing groups and the overseas
manufacturing operations were integrated organizationally with domestic manu-

facturing.

The reorganization and the Product Planning Strategy Group must have had good
effect, because by 1964 significant new oscilloscope models began to appear.
Seventeen years after the first 500 series oscilloscopes, the 511, had been
Jaunched, Tektronix announced a new 500 series line of general purpose scopes:
the 544, 546, 547, and 549. The 547 particularly represented perhaps a new
"ultimate" in performance and is remembered fondly to this day for its sophis-
tication, crisp and sharp display, and reliability based upon years of product
development in circuitry, vacuum tubes technology, mechanical design, and CRT
displays. Also part of this new line was the 564, a storage oscilloscope of

exceptional capability.

On February 20, 1964, Howard Vollum wrote a memo to his new Executive Vice
President and new Engineering Manager outlining a next generation of scopes
and then, well-pleased as we must imagine, he withdrew from daily affairs to

watch sales and return on equity start rising again.



In 1965 a second new line of oscilloscopes, the portable 400 series was launched
with great success, although Tek had had to be forced into developing the
product line by the IBM company, (they had backed up their threats by setting

up a 50 man engineering group to design oscilloscopes). In 1966 the Annual Report
noted that the firm's substantial increase in sales (25 percent) was "in large
part attributable to new instruments to meet unsatisfied needs of the computer

and television industries.”

A further triumph occured in 1965 when the 3A5 plug-in was announced. The 3A5
"searched for its own correct settings". . . . . a stunning programmable instru-
ment whose capabilities would not be copied by competitors for ten or more

years.

A final triumph was a military version of the 547, called the 647, which was
fully transistorized and ruggedized.

Fiscal Year Sales Return on Equity

1959 $31.6 million 34%

1960 43.0 30

1961 50.3 24

1962 60.1 19

1963 70.5 16

1964 75.5 16.5

1965 8l.1 16.5

1966 101.8 20.3

1967 129.0 19.8
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TEKTRONEX NEWSLETTER
#114 Dated: June 5, 1962

On December 18, 1958, the directors of Tektronix decided that Bob Davis would
be given the responsibility for the operation of Tektronix, thus taking over
many of the duties which up to that time had been mine. It was the intention
of the Board, and my own too, that Bob be free, within the general Tektronix
philosophy, to operate as he saw fit. As you can see from the growth of

Tektronix facilities, employment, the establishment of our Guernsey and Heerenveen

operations and in many other ways his operation was effective.

It was my hope when Bob took over that in a few years I could devote most of
my time to a number of personal projects in which I have a strong interest.
As time went on, however, the rapid expansion of Tektronix brought with it
many problems. Efforts to provide solutions to these problems resulted in
decisions which appeared to me not in the best interest of Tektronix. I
emphasize "appeared to me" since it is quite possible that I am wrong, and I
know of no way to find out except to wait some months or years. I hope,
however, that the impression is not made that my viewpoint was superficial.
It may be incorrect but it was the result of much study and discussion. As a
result of my effort to get an adequate basis for the evaluation of these
decisions and, more importantly, their basis, there has been an increasing
confusion in many people's minds as to whether Bob Davis or I was the chief
operating executive. As you probably know, Bob and I have different managerial
styles. Which is better or even more appropriate I cannot say, but in any
case, Bob and I agree that we had to use one or the other, not both.

Since it was my duty as president to make the decision, I studied the problem
to the best of my ability and reluctantly concluded that the best way to meet
my responsibilities as I saw them was to take over the duties of chief operat-
ing executive. Under these circumstances Bob feels that he should step out

rather than take a subordinate operating position. He has agreed, however, to
stay on as a member of the Board of Directors. This seems to be an excellent
way to benefit by the years of experience and many good ideas which Bob has.



Any change in top management brings up fears and questions as to future changes
in organization, policies, etc. I have no plans for any sudden changes, in
fact, the opposite seems most important. Any changes that do come will be the
result of meeting needs as expressed by the people concerned, and will, whenever
possible, be those recommended by the people concerned. When these changes
affect various areas and conflicts come up, I will take the responsibility for
the necessary decision. I would like to assure you that changes will be made
only after as careful and thorough consideration as conditions permit. |

I am confident that we have the abilities and willingness to work out policies
and practices which will be to the benefit of all.

Howard Vollum
President
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TEKTROKNIX NEWSLETTER
#115 Dated: July 17, 1962

A little over one month has gone by since I returned to an active operational

role in Tektronix management.

It seems appropriate that a report be made as to some of the activities which
have taken place in that period.

As stated in the June 5 Newsletter, I have no plans for sudden major changes.
Some changes, mostly of a preliminary nature, have been made. One of these
has been the transfer of the responsibility of Hawkin Au's Company Planning
group to Bob Fitzgerald. This enables Hawk and Frank Consalvo, who are working
closely, to coordinate their efforts more easily.

One of the problems which I feel is not being well taken care of at Tektronix
is the horizontal flow of information among the managers at various levels.
This has at least two results. One is unnecessary duplication, and the other,
a frustration in trying to get things done which must involve the cooperation
of several areas. The logical starting place for an attempt to improve in

this area is at the top.

The method which I have chosen to attack this problem is the formation of a
group chosen from those people already reporting directly to me. This is
called the Management Group.

The membership of this group at present is as follows: Byron Broms, Jim
Castles, Don Ellis, Bob Fitzgerald, Guy Frazier, Jack Murdock, Bill Polits,
Bi11l Webber, Howard Vollum.

As you can see, all areas of the company are represented, but certainly not
equally. The choice of people for this group was necessarily a compromise
between adequately representing all areas and viewpoints and keeping it small
so that effective discussions could be obtained. The particular choice made
may not be optimum but it was made after much thought and consideration. One



of its principal functions is to study and recommend the organization and
management which is best for Tektronix; therefore the present group may well
be changed when those recommendations are made. At present we meet on Tuesday
from 9:30 to 12 and Wednesday from 10 to 12.

The principal functions of the Management Group at the present time are as
follows (not necessarily in the order of importance):

1. Be the principal two-way link between the Board of Directors, President

and the operating managers.

2. Be the center for ad hoc groups formed to study and recommend solutions
of problems affecting more than two areas of responsibility. (Items
affecting only two areas should be solved by the two managers concerned. )
The topics assigned to ad hoc groups may range from long-term items, such
as optimum company organization, to problems needing only a single meet-

ing.

3. Serve as a central focus from which flow the policies and decisions
resulting from the ad hoc groups or the Management Group itself.

4, Serve as advisors for individual members of the group on their problems

and problems brought to their attention.

5. Inform each other by means of formal, detailed, weekly reports regarding
operations and plans of their respective areas.

6. Be well-informed individuals on Tektronix policies and plans, and communi-

cate these to their areas of responsibility.

This is accomplished by the weekly reports mentioned in Item 5, the general
discussions of problems and by setting aside portions of the meetings for
hearing formal prepared presentations of important subjects. For instance,
the July 17 meeting will hear a presentation on Long-Range Planning.
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Al1 of these functions are built around the principle of individual respon-
siblity, not group responsibility. To carry out this principle each ad hoc
group will have a chairman who will be a member of the Management Group. He
can choose members of the ad hoc group from anywhere in the company and use
outside consultants if necessary. The chairman can delegate any or all of the
detail work but remains accountable for completing the task and reporting to

the Management Group.

I will be responsible for:

1. Defining the mission of each ad hoc group.
2. Naming the chairman.

3. Approving and disapproving recommendations of ad hoc groups. Except in
unusual circumstances I will not approve recommendations which meet with
opposition from more than one member of the Management Group.

4. Designating the method of carrying out approved recommendations and

checking to see that they are accomplished.

Each member has made up a list of topics he would like to see studied by ad
hoc groups. I am in the process of combining these into a single 1ist which
will be ranked in priority by the group at our next meeting. Some examples of
the topics suggested: Long-range building program, planning for specific
buildings, coordination of domestic and overseas operations, central vs.
dispersed service functions, cost accounting procedures, training at all
levels, patent policies, priority of various product areas, and many others of
equal or greater importance. We hope to have ad’'hoc groups operating very

soon.

When people act as members of ad hoc groups they act as designated represen-
tatives of Tektronix central management and not in their normal job capacity.
A11 members of an ad hoc group have equal status as members of that group.



I hope the impression is not given that the Management Group and the ad hoc
groups will solve all of the problems posed by a dynamic and growing company
1ike Tektronix. My hope is that it will be able to hasten solutions of some
important company-wide problems and further develop a climate which will

encourage problem solving at all levels.

As you can see, the success of this effort depends on a high degree of coopera-
tion from everyone. I am confident this will be obtained, and ask your patience
and understanding for the times when things do not go as smoothly or rapidly

as expected.

Howard Vollum

President



~3

~3% ~ 3

~—3% ~3% —T3% = —3 ~—3 T3 ~—& ~—T§% T3 T3 T3y —a T3 —1 "3

TEKTRONIX NEWSLETTER
#125 Dated: November 30, 1962

FINAL REPORT OF THE AD HOC COMMITTEE TO RECOMMEND
A PRODUCT PLANNING SYSTEM FOR TEKTRONIX

Between September 17 and November 19, 1962, the ad hoc committee met twelve
times. We published rough draft statements on the objectives of the system
(October 3, 1962) and of the activities it would require (October 31, 1962).
In response to these we received letters or had conversations with a number of
employees who were interested in the development of a more effective product

planning system.

On November 19, we decided that we had enough agreement on the general details
of the system that it could be put into effect and the finer points worked out
within the operating system itself.

Accordingly, Howard Vollum, President, authorized the preparation of this
report as the statement of the intent and general details of the Tektronix
Product Planning System.

PHILOSOPHY

Successful product planning results when individuals are enabled to use their
creative abilities cooperatively to initiate and develop products in the best
interests of the company and its customers.

Each individual directly concerned with the product planning process should
know the long-range goals of the company as well as what is considered to be
currently in our best interest. He has a right to expect that careful study
by responsible and competent people will precede decisions about projects of

interest to him.



Management needs to assure that projects considered essential to our success
(current and long-range) are being carried out effectively.

The effectiveness of product planning and development depends upon the mutual
confidence and respect displayed by those who create and innovate, those who
make decisions for the company, and those who carry out projects.

OBJECTIVE

An effective product planning system should assure that: Projects are effec-
tively carried out that have been carefully studied by responsible and compe-
tent people who have decided that they are (1) in line with long-range goals
of the company, and (2) in the best interest of our world-wide customer group

and of Tektronix.

POLICIES

We believe the possibility of reaching this objective will be increased if the

following policies are used as guides.

1. The various segments (Marketing, Research, Instrument Design, Future
Products, Manufacturing) should be adequately represented throughout the
phases of planning and development.

2. Innovation should be ehcouraged. Adequate scope should exist for pro-
jects to be initiated within the departments themselves. An environment

should exist whereby creative abilities are fully utilized.

3. Effort should be made to develop products consistent with our product
goals that will open new markets both here and abroad.

4. Activities of the various departments should be effectively coordinated.

3
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5. The Tektronix product 1ine should contain the best of overall solutions
to customer needs and the minimum harmful redundancies.

6. Tektronix products should be adequately tested prior to market to assure
a maximum degree of reliability taking into consideration intended use of

the product.

7. Instruments, accessories, and auxiliaries should be correlated throughout
the various stages from development through production to assure appro-

priate availability and compatibility.

8. Marketing strategy (advertising, timing of announcements of new hroducts)
should be an integral part of product planning.

9. Those most directly responsible for product development should understand

the product planning system and know how to use it.

10. The overall success of the product planning system should be evaluated
and used to improve the system itself.

ACTIVITIES

Important: This is a list of the activities to be carried out by the total
system for product planning. Various departments must work together if our
product planning is to be effective. Many of the activities listed are al-
ready being done by various departments. They will continue to be done as at
present. We hope that most of the new activities can be carried out by exist-
ing departments. Those activities that do not fit into the present organiza-
tion will be carried out by the Strategy Group or the Implementation Group to
be described in the last section of this report. Here is the detailed view of

the activities making up product planning.



ACTIVITIES RELATING TO PRODUCTS

To provide a point where people may submit proposals and to initiate

proposals for:

1. New products.
2. Major revisions of current products.

3. Technical research projects (aimed at exploring technical
problems rather than producing additions to the product line).

To study or request departments to study and report on:

1. Feasibility of specific proposals.
2. Customer needs; uses of Tektronix products.
3. Profitability of current products by items.

4, Estimates (developmental costs, proposed selling prices, ease
of selling, areas of application, order rates, profitability).

5. Competitors' products: Specifications, effect on our sales,

customer reaction to, etc.

6. Total product 1ine: Compatibility and interrelations, duplica-

tion, etc.
7. Technical information about:
a. Engineering design problems.

b. Manufacturing problems.
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8. Present commitments and to decide for which inventions patent
applications should be made and in what countries.

To evaluate proposals and authorize (or disapprove).

1. To authorize commitments of personnel and funds to:

a. Exploratory projects.

b. Technical research (investigation of specific areas of
interest. For example, semiconductor devices, automated
measurement systems).

c. Development of a new product.

d. Projects for major revision of current products.

2. To authorize an addition to or withdrawal from the product line

and to decide the best timing.
3. To decide about compatibility within the product line.

a. To decide whether and on what new products compatibility

with existing instruments will be sacrificed.

4. To decide whether or not to provide modification for instru-

ments already in use.

5. To decide the warranty and the service policy that will accom-

pany an instrument added to the lVine.

To develop coordinated plans for authorized projects.

1. To assign and change priorities for various stages of projects.



2. To set target dates and establish review points for amount of
effort and costs involved in various stages of projects.

To increase inter-departmental coordination by assuring that information

js distributed about projects and products.

1. Information to each department about similar, related, and
interlocking projects elsewhere in the plant.

2. Information about individually initiated exploratory projects.

3. Information for the field about new products with emphasis upon
potential uses, design concepts, compromises.

4. To recommend changes in deployment of engineering and research
manpower.

To assure that prototype products are demonstrated to the field and

to selected customers whose opinions are valued.

To advise regarding the use with Tektronix products of equipment made
by other manufacturers (pulse generators, sweep generators, etc.)
To make such information available to the field.

To_compare obtained versus expected results by establishing criteria
that will insure review and re-evaluation when appropriate of:

1. Status and progress of all projects in development.
2. Status and future of all products currently marketed.

To _recommend changes of types or classes of products to the President.
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II. ACTIVITIES RELATING TO THE PRODUCT PLANNING SYSTEM.

A. To educate in the use of the system.

1. To develop consistent definitions for such terms as "product",
"accessories", "components", that will be agreed to by depart-

ments throughout the company.

2. To prepare and keep current a description of the steps and

phases in product planning.

3. To see that information about how the product planning system

works is available to any who need it.

4. To prepare and keep current a linear chart that records the
decision-making structure for product planning.

5. To develop an effective system of meetings with clear agreement
on the purposes of meetings, the responsibility of individual

members for agenda, minute-taking, etc.

6. To develop a system for evaluating the meetings and the effec-

tiveness of the members.

7. To publish advance notice of topics on the agenda that various

departments might wish to influence.

8. To record decisions (such as authorizations and disapprovals)
and the reasons for the decisions, and to report these to

people involved in product planning.

B. To measure the effectivenes of the product p]annfngg§ystem.

1. To secure information about customer acceptance of new pro-

ducts.



2. To determine whether the needs of departments (regarding pro-
duct planning activities) are being met.

3. To secure information to enable evaluation of our methods of
developing a new product. Information about costs, problems,
successes, etc., in the research, design engineering, and

manufacturing phases.

C. To recommend changes in the product planning system to the president.

OPERATING DETAILS

Accountability: Ultimate accountability for the effectiveness of product
planning at Tektronix rests with the President. He delegates responsibility
for certain results to the Vice President, Operations, and holds him account-
able for achieving them. Likewise, delegation and accountability pass along
the managerial line. Nothing in this system should be interpreted as changing

this basic principle of accountability.

Communication: Product Planning Representatives will be located throughout

the company. They will be contact points for any person who wishes to initi-
ate suggestion for new products or major revisions of existing ones. The
Product Planning Representative will consult with appropriate people to evalu-
ate such ideas. He will let the initiator know the results. If preliminary
screening indicates the idea is worth more consideration, the Representative
will follow through to make sure it is appropriately described and presented
to the Product Planning Strategy Group.

The Representatives will also participate as members of:
1. The Product Planning Strategy Group, chaired by Howard Vollum, or

2.  The Product Planning Implementation Group, chaired by Bob Fitzgerald.
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Advance agendas as well as minutes of both groups will go to each Represen-

tative.

Overlapping memberships in the two groups should provide more background than
could be given in minutes and written reports.

Product Planning Strategy Group: This group will consider topics of longer

range concern and those most directly related to external relations such as

with customers, the military, etc.

This group will advise the President on decisions listed under I-C in Activi-
ties. These are such as: (1) authorization of projects or products, (2)
authorization of addition to or withdrawals from the product 1ine, (3) decid-
ing about compatability within the product line, (4) deciding about modifi-
cation for instruments already in use, and (5) deciding about warranty and

service policy.

This group will have an executive assistant (a member of the President's
staff) who will prepare agendas, see that decisions and supporting reasons are
recorded and communicated where needed, assure that materials and displays for
the group are developed and distributed, supervise the correlation of informa-
tion from different sources, ensure that matters requiring review are brought
up at the proper time with the necessary information and other tasks as the

group or the President shall determine.

Product Planning Implementation Group: This group will help the Vice Presi-
dent, Operations, with his responsibilities for jmplementing decisions made by
the President with the Strategy Group. They will develop coordinated plans
for authorized projects, review the status of various projects and products,
assure that information is distributed that will increase intra-departmental

coordination, and other tasks to be agreed upon.

Members: The following are Product Planning Representatives. Their assign-

ments to the groups are as shown.



Product Planning Strategy Group

Chairman: Howard Vollum
Executive Assistant: Doug Cure'

Byron Broms Derrol Pennington
Frank Consalvo Bi1l Polits

Jean Delord Jack Rogers

Egon Elssner Dick Ropiequet
Bob Fitzgerald 0z Svehaug

John Kobbe Norm Winningstad
Mike Park

Product Planning Implementation Group:

Chairman: Bob Fitzgerald

Erwin Ashenbrenner Frank Kopra

Byron Broms Mike Park

Jack Cassidy Derrol Pennington
Frank Consalvo Bill Polits
George Edens Bill Walker

King Handley

Further Details: Will be worked out by the managers, representatives, and

groups as the system operates.

Byron Broms
Bob Fitzgerald
Bill Polits
Howard Vollum
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TEKTRONIX NEWSLETTER
#150 Dated: October 7, 1963

For several months now we have been studying ways to improve our engineering
effectiveness. Study and discussion brought out clearly the desirability to
consolidate our design efforts. To bring about this integration we have

combined all product design and developmental efforts into a single organiza-
tion. Bill Polits has been assigned the responsibility for overall Engineer-

ing activities.

Our success is highly dependent on our ability to bring out advanced products
at the right time. Engineering will have a prime responsibility for product
and project planning. To this end, planning activities within Engineering are
being established. In light of these the'Product Planning Strategy Group will
be reassessedﬂf Howard Vollum, Bill Polits and myself will form the nucleus of
a group that will re-evaluate the activities‘bf the Product Planning Strategy

Group and provide during the interim a review of our technical programs.

The new Engineering group will include the activities carried on in Research
and Future Products and will embrace the Cathode Ray Tube Design Engineering
now carried on within Manufacturing. Engineering will now consist of five

departments, described briefly below:

Instrument Engineering: This group will be responsible for the design and
development of all products including instruments, accessories, cameras and
scopemobiles, and the technical content of the related manuals. It will have
a primary responsiblity in product planning. It will contain its own support-
ing facilities. The group will have the responsibility for a product from the

jdea to the stage where it is suitable for manufacture.

Advanced Circuitry: Will be responsible for investigation and development of
new circuits. It will explore developments and demonstrate their application
to new products. Products resulting from this activity will be transferred at
an appropriate stage of their development to Instrument Engineering. This

group will also have an important role in planning products and programs and

will fulfill a technical staff requirement for Bill.




Cathode Ray Tube Engineering: Cathode ray tube development efforts formerly
carried on in Future Products together with design efforts in the present
Cathode Ray Tube Engineering group will be assigned to an overall Cathode Ray
Tube Engineering group. This group is now responsible for the design and
development of cathode ray tubes and display devices. Some projects with
Research relating to cathode ray tubes will be continued there until they are
completed or until it is determined that they are best reassigned to Cathode

Ray Tube Engineering.

Electron Physics Research: Research will now be called Electron Physics
Research. It will have a similar mission to its present one. The group will
be responsible for investigation of the basic physics of new devices and the
exploration and development of basically new devices. They will do physics
and materials research on a project basis in support of other programs.
Programs relating to physics of display devices will be carried on in Electron
Physics Research and be implemented at the appropriate stage of their develop-
ment in Cathode Ray Tube Engineering.

Pre-Production Engineering: Will assist Instrument Design in the preparation
of products for production. They will be responsible for building engineering
models, preparing drawings, performance specifications, parts lists, reliabil-
ity studies and environmental testing. They will contain component evaluation
and have cognizance of component design and see to the assurance of their
specification and availability to new products. They will provide the major
liaison between Manufacturing and Engineering regarding products. They will

provide design for custom and special instruments.

Although there are specific departmental responsibility assignments for basic
research and advanced circuits, it in no way is intended to exclude investi-
gation into advanced products and methods from the other groups. Each group
will be expected to carry on exploratory work.

Because many individuals are involved in the above changes and it will take
time to firm up responsibilities within these groups, Bill Polits has asked me
to announce for him appointments of the managers of the Engineering depart-

ments:



s TG BERG s TS N B T R NS T T S I IR N B SR R B

Pre-Production Engineering Lang Hedrick
Advance Circuitry John Kobbe
Cathode Ray Tube Engineering Norm Winningstad
Electron Physics Research Jean Delord
Instrument Design Jack Rogers

Bi11 Polits will have, in addition to the above, an administrative staff.
Within a short time Bill will announce Engineering assignments among these
groupings and will expand the definition of the mission of these groups for

those whose work requires further explanation. Thank you.

Robert G. Fitzgerald
Vice President, Operations
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INTER-OFFICE COMMUNICATION

To: Bill Polits Date: February 20, 1964
Bob Fitzgerald

From: Howard Vollum

Subject: New Tek Wide Band General Purpose Oscilloscopes

As agreed at our meeting on February 12 I have written down my suggestions for
a new generation of Tektronix wide band general purpose oscilloscopes. The
oscilloscopes described here are proposed as replacements for 530, 540, 550
and 580 series. Because of the widespread use of the letter series plug ins I
suspect the 540B, 544, 546, and 547, and the letter series storage scope will
be in production for sometime. No effort is made in this memo to consider

other important segments of our line or any extension of it.

The ideas included in these proposed instruments have come from many people.
My purpose in presenting them is to stimulate thought and have a starting
point for discussion.

The following basic instruments are proposed:

1. 20-30mc single beam

2. 50mc single beam

3. 100mc single beam

4. 30-50mc single sweep dual beam

5. 30-50mc dual sweep dual beam



6. 75-100mc dual sweep dual beam

A1l of the instruments would share the following features, not necessarily all
in one instrument though.

1. Accept 560 series plug-in.

2. Split screen storage with remote erase, supplemented, if possible, by a
"write through" ability.

3. Powered operation of sweep speed, vertical sensitivities, beam position,
trigger polarity and trigger level. OQOperation of these controls would be
any of the following ways:

a. Small remote box on cord.

b. Push buttons on probe.

c. Easy to turn control knobs on plug in (small knobs would ease panel
crowding).

d. Sensing of signals for amplitude and/or repetitive rate.

e. Punched cards (could also operate auxiliary input and trigger selec-
tor unit).

4, Easily changed, graticule projected on the CRT phosphor.

5. In addition to the traces and graticule the following would be visible on
the CRT phosphor at the same brightness as the stored trace.

a. Sweep time/on (one or both sweeps).

b. Sweep uncal. signal.



¢. Sweep magnification.

d. Vert. sensitivity for appropriate number of channels (could be

four).
e. Vert. sensitivity uncalibrated signal for each channel.
f. Polarity for each vertical channel.
g- Digital readout of time and.amplitude (see 6).

6. Digital readout of time and amplitude difference between any two selected

points on a stored trace.

7. Provision for easy mounting of a 1-1 camera which photographs the back of
the CRT screen. Automatic exposure and processing would provide a black
on white paper print ten seconds after the exposure was started.

Now, in an effort to give some of the background and suggest possible. ways of
accomplishing these goals, let us consider in more detail the numbered points.

1. The 560 series plug-ins are widely used, convenient in shape and would
form the essentials for a complete line of low frequency and sampling
plug-ins for the new series of instruments. We could thus concentrate on
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the necessary new wide band and power operated plug-ins.

The single beam instruments proposed would be intermediate in size be-
tween the 560 and the 540 scopes and would have vertical and sweep output
amplifiers of appropriate characteristics built in. 560 series would
connect to the output amplifiers via appropriate attenuator-DC level

changing circuits.

If the sweep output amplifier had magnifier capabilities controled by

reed relays or diodes, only two sweep plug-ins would be needed; one with
sweep delay and one without. Faster sweep could be available if neces-
sary on the 100mc instrument by means of faster sweep output amplifiers

[
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and appropriate magnifications. The dual sweep dual beams could use
either of these units in either hole thus giving excellent sweep flexi-
bility. It could, for example, have sampling and real time simultan-
eously available in one scope. The first five of the proposed instru-
ments would replace ten existing instruments. The 75-100mc dual beam
would, I believe, be an excellent addition to the line as judged from the
popularity of the 580 and 555 series.

I would suggest making 5 and 6, and perhaps 4, {the dual beam instru-
ments) in 17" wide units so that the same instrument would serve for
normal and rack mounts. The 129 has four plugs-ins mounted in this
fashion,

Having used a 564 for some time now in my extra curricular electronics
work at home, I am more convinced than ever that at some time in the next
few years all lab-grade general purpose oscilloscopes will have a storage
abjlity. This may entail in the beginning some loss of conventional mode
writing rate but since the only loss is in single shot photography it
would not seem too serious. For respective signals the "integrate"
storage mode gives easy viewing and photography of fast signals.

The split screen can be considered an extension of the dual beam or dual
trace concept since it enables one to compare two signals, but without

the necessity for them to be happening at the same time. The popularity
of multi trace and dual beam instruments shows how valuable signal com-

parison facilities are.

In addition to the split screen comparison technique I feel we should
work hard to achieve the ability to display a non-storing trace at the
same time a stored trace is being viewed so that superimposed comparisons
could be made. Perhaps a combination of increasing the range of non
store to store, contrast enhancement techniques, and the development of
equal brightness for differing writing rates by varying CRT beam current
inversely with signal writing speed, could make "write through" practi-
cal. The idea of a writing beam of relatively uniform brightness is an
old one and one which many customers have suggested. Perhaps it is worth
a look now to see what could be done in this area.

—3 3
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The ease, speed and convenience with which a scope can be operated is
becoming increasingly important. It now seems possible to provide remote
powered operation of the essential controls with a flexibility and Tow
enough extra cost to make this feature attractive to a wide range of
users. The use of power operation is not to merely make the knobs turn
easier, but to permit operation from a more convenient position, from
perhaps a punched card or even by the signal itself.

The basic feature needed in the scope or its plug-ins would be the replace-
ment of the complex multi section sweep and attenuator switches by a
group of reed relays, conventional relays and diodes. Since these compo-
nents can be placed throughout the 5nstrument directly in their asso-
ciated circuits rather than concentrated on the rotary switches as now
used, better mechanical and electrical layouts would be possible. With
panel space at a premium the small, easy to turn switches controlling the
powered system would be a great benefit. Since the position is indicated
on the CRT face, a very small knob and scale could be used (see 5).

The possibility of changing sensitivity or sweep speed from a small
control box on a cord, or from buttons or switches on the probe would
seem attractive. Four buttons on the probe might be labeled; Increase
Sensitivity, Decrease Sensitivity, Increase Sweep Speed and Decrease
Sweep Speed. Each time a button was pressed the appropriate circuit
would change one step with the result always shown on the CRT face.
Provision could be made for insertion of circuit boards in the plug-ins
which would sense the characteristics of the signal and operate the
switches which set the sensitivity and/or sweep for optimum observation
of the trace. I feel that vertical sensing would be valuable, but except
for certain cases, sensing the sweep would be difficult and not too

desirable.

when oscilloscopes are used to check to check out complex electronic
devices such as radars or computers, etc., it would be very desirable to
be able to set the controls quickly and without error to the correct
positions. With powered controls this would be easily done by a punched
card. If a plug were provided on the plug-in connecting directly to the -



relays and diodes the contacts made through the punched card could oper-
ate the appropriate circuits and set up the scope for a particular measure-
ment very quickly. It could change the characteristics from one end of a
range to the other without going through any intermediate positions. A
very large number of operations could be made without the problems of
mechanical wear present in rotary switches. An auxilliary input and
trigger switching box, also controlled by the cards or perhaps by a
punched tape, could make a long succession of observations rapid and

error free.

with non-parallax graticules now standard, the need to provide a more
flexible method than a permanently printed one on the tube is evident. A
very simple projection system using a glass photographic negative which
can be easily changed as graticule seems an easy answer. An inexpensive
£3.5 lens requires only a small port of flat, clear glass in the CRT
envelope. For a 70mm lens the opening need be only 2cm in diameter. 10w
or so of 1ight seems ample since only 100 sq. cm needs to be illuminated.
The same projection system can also project the data referred to in the

next item.

The concept of having indications of the sensitivity, sweep rate, etc.,
visible on the CRT face or in the CRT area is obviously a desirable one

if it can be achieved at reasonable complexity and cost.

If a projection system is to be used for the graticule it seems logical
to use the same system to project these data also. The problem comes in
transferring the switch positions from the plug-ins to the film plane of

the projection system.

In the scheme suggested here the sensitivities of the various channels
and sweep speeds would be on concentric dials having transparent numbers.
Each dial is one row of numbers larger than the preceeding one. When
projected on the CRT screen through a suitable mask, a column of numbers,
one for each channel and sweep would be seen at the top of the tube.
Other information such as polarity, uncal., etc., would be projected
through the same lens but each illuminated by a separate small bulb which

could be switched on or off.

3
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Now consider the means of turning the dials in the projector from the
plugin unit panel. For this I am proposing a stepping servo which can
also serve to position the control switches of the powered controls

mentioned in item 3.

The largest number of positions needed is on the sweep dial. Thirty-six
positions in a 1, 2, 5 sequence will cover 10 picosecs/cm 10 secs/cm.
This seems adequate for the present at least. On the vertical, luv/cm to
100v/cm takes only 24 positions. '

The basic idea is to standardize on some agreed voltage to represent each
step. For example, use 1 volt / step. Then on the sweep scale 15v would
represent lusec/cm, 24v lusec/cm, etc. These voltages would be obtained
from a precision divider on the sweep switch. The dial in the projector
has a 36 position divider, and a step servo to position it to the voltage
of the sweep switch. If all dividers were powered from the same supply,
voltage variation would have no effect. The only requirement would come
on the precision of the dividers. For 36 positions a 1ittle better than
1 percent is needed. These, I believe could be large production devices
consisting of a small ceramic disc on which a pattern or resistive metal
film would be deposited. Metal contacts could be silk screened or other-
wise put on connecting with the resistive pattern. It would seem possi-
ble to make a fairly simple automatic machine to grind or otherwise
adjust each step of the divider to be equal resistance. The absolute
value of each step would not matter within wide limits.

The actuator could take several forms. A simple one consists of two
solenoid operated claws which move two ratchets in opposite direction.
Thus operating one solenoid with a pulse would move the dial or switch
one segment forward for each pulse. The other solenoid would move the
dial back a segment for each pulse.

The voltage for the dividers would come from a pulser in the scope operating
at a few cycles/sec. The error signal from the dividers would be amplified

and applied to the solenoids to position the dividers and dials to a
null.



Bob White thought up an actuator which steps like a ratchet but has no
ratchet wheels and would seem to be excellent for this application.

The same components and pulsed power source could be used to position the
switches in the plug-in from a remote control box, as suggested in 3.

This system makes it easy to take the attenuation of the probe into
account automatically for 10X probes. Since three volts represent three
steps and therefore 10 times on a 1, 2, 5 scale, it would seem easy to
have the locking collar of the BNC on the probe have a small protrusion
attached, which would actuate a switch which would add three volts to the
output of the divider and thus cause the dial in the projector to de-
crease the indicated sensitivity by ten. A 10X magnifier on this sweep
could be indicated by a contact on the Mag. switch.

The idea of being able to read digitally selected amplitudes and times on
a waveform has been suggested many times. The problems of actually
sampling amplitudes at selected times is very difficult for fast signals.
Fractional name second samples have very little energy and thus need
repetitive signals. The problem of seeing the actual spot being sampled
is difficult too, since very small differences in time between the sampl-
ing and viewing pulse cause large errors. In order to make the mark
visible on a wide range scope the viewing pulse must be lengthened as the
sweep is slowed down thus requiring additional complications.

A scheme suggested for the scan conversion oscilloscope might be a solu-
tion. The basic jdea is to measure on the stored trace. This is made
possible by the signal obtained when the storage surface is scanned with
a beam. Briefly, the idea is this. Store the image to be measured.
Change the sweep speed by a "Readout On" switch to cause it to scan at
say 30 per sec. Two identical pick-offs are provided, each positioned by
an uncalibrated knob. Among other things, the "Readout On" switch posi-
tions the sweep at the bottom of the screen. When the beam reaches the
stored trace a signal is sent to the pick-off to reset it, leavng the
capacitor charged to a voltage equal to the signal as measured from the
base line below the graticule. At the same time the stop signal is sent
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to the pick-off, the CRT beam is brightened putting a bright spot on the
trace. The second pick-off is identical with the first so we now have
two capacitors changed. The difference in voltage of these capacitors
can be measured by a servo driven helipot coupled to a digital dial.
This could be projected by the graticule projection optics to the CRT
screen. A similar system reads and projects the voltage difference
between the two pick-offs which is proportional to the time difference.
In both cases, the digital readout must take into account the correct
scale factor from the attenuator or sweep switch. The accuracy should,
of course, be as high as possible but I believe a 1 percent system would

be very satisfactory.

The problems of viewing and photographing with the camera and viewer
looking at the same side of the phosphor are familiar to all of us. It
seems logical to separate these functions. Some time ago Maurie Merrick
suggested photographing the back of the phosphor. Magazines have re-
ported this being done for military purposes. Maurie suggests a port on
the top of the tube parallel to the beam, with a 45° mirror inside the
tube just out of the way of the beam. This seems an excellent idea. An
additional mirror is necessary to get the image correctly on the paper,
but this helps rather than hurts the mechanics of the camera,

Since all photography with this camera is on a stored image (you can
store any repetitive signal) a very slow inexpensive lens can be used.
For Ektaline paper and an f-11 lens about five seconds exposure is neces-
sary. This means a very simple shutter. The camera would contain a roll
of paper and the chemicals and heated rollers necessary for rapid develop-
ment. Ektaline paper is rated to be processed at 150 ft/min. This paper
has a water resistant base. Since only the emulsion need be wetted by
the chemicals it would be virtually dry when it was delivered, ten seconds
or so after the exposure was started. The operating cost of this camera
giving actual size prints with a white background so that it is easy to
make notes on them would be about 20 percent of the cost of Polaroid

prints.
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If all CRTs had the camera port, the camera could be plugged on to the
top of the scope when needed and thus be an optional accessory.
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TEKTRONIX: THE 7000 SERIES STORY

Part 3: "Oh, My God"

On February 20, 1964, Howard Vollum presented the key managers of Tektronix
with a specific proposal for a new line of general purpose oscilloscopes.

What happened next is clearly remembered by the engineers present at that

time: nothing much happened at all.

Then, as Wim Velsink remembers, "one day in 1965 Howard Vollum said to John
Kobbe (head of the Advanced Circuitry Group), "do it, today". -And then John
Kobbe went to Wim and said, "do it, today”. And so we finally got started."

The first task was to establish the basic architecture. Critical issues
during this period included the number of plug-ins, the height of the plug-ins,
and various technical approaches for readout, two-dot automatic measurement
capability, an internal camera that would spit a picture out the front, the
interface specifications, the power requirements of the plug-ins, and the
circuit logic needed to orchestrate the functioning of the various plug-ins.
Key tasks were trying to build the first TEK-made ICs, designing a new CRT,
developing new interface connections, designing new cam switches, color coding
the front panel, developing readout ICs, working out a camera arrangement, and
developing probes. As it turned out just one of the architecture decisions,
the power supply voltage decision, got started in September 1965, involved
virtually every engineer in the company, and was not settled until March 1967.

The implementation effort had just started when Hewlett-Packard's 180 series
was announced. Suddenly, the situation became one of crisis, for the H-P
oscilloscopes were superior to the 500 series instruments. In the words of
Win Velink, "we realized clearly then that our ass was in a sling . . . we had
had a 'king of the mountain’ attitude because of the 547, but all of a sudden
it was, 'Oh, my God.'"

From then on developing the 7000 series was an intense project requiring an
all out effort from virtually all areas at TEK. During this period, Howard



personally pushed the various groups hard. The top talent of the company was
gathered into a "riotous but stimulating" group. The engineers involved were
innovative and probably close to their peaks of ability. At night, the park-
ing lot would be filled to about 10 to 20 percent of the daytime level. On

Saturdays, the engineers would come in, and a familiar sight was Howard in his

blue jeans picking components from supply bins.

But Howard then threw another challenge to his group: plug-in height. Work
up through late 1966 had assumed a seven inch plug-in height which would
provide room for the needed components using readily available and proven
parts. But the H-P scopes were smaller in size and quite attractive in
appearance. So, one day, Howard said, "the plug-ins will be 5% inches in

height."

0liver Dalton recalls the decision to reduce the plug-in height as a traumatic

one:

"The decision set us back at least one year. . . . .for the height deci-
sion required three major electro-mechanical component efforts in addi-
tion to the IC read-out effort: 1) new 1it push-buttons. . .we needed 25
on a panel; 2) cam switches-these were Howard's ideas. . .we needed them
to be small and reasonably cheap; 3) relays. . .we needed them to be
small and reliable. . .We then largely had to make do with other avail-

able parts, like potentiometers.

Today, over ten years later, it is difficult to piece together how everything
got done. For example, the components effort proceeded in parallel with the
instrument design effort even though the instrument design obviously depended

on the components.
Going back to Howard's 1964 proposal, here is basically what happened:

1. Performance: Using transistors, the performance goals were easily met.
.but, as it happened, the transistors allowed a broader bandwidth
than proposed, but in the press of events the additional performance

potential was not pursued.
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2. 560 Plug-ins: The power requirements of tubes proved to be so basically
different frm transistors that after much effort the goal of making the

560 plug-ins compatible with the 7000 series series mainframes was abandoned.

3. Split-screen Storage: Split-screen storage was accomplished but aban-
doned after the product was on the market because the tube and its sur-
rounding circuitry were so complex that the instrument was unreliable and
hard to service; also, the main thrust of the storage idea was to handle
higher speeds, but the bi-stable storage tube was not fast enough.

4, Powered and Remote Operation of sweep speeds, vertical sensitivities,
beam positions, trigger polarities, and trigger levels:

To accomplish this small, cheap, reliable switches were needed. As Oliver
Dalton recalls, “the problem was that there were no components available that
could do the job. The switches, buttons, and relays available were either too
large or too expensive, so to perform powered and remote operations we would
have had to develop our own components. We did have two or three project
teams work on this and Howard Vollum had many ideas. We ended up with a
standard relay that we still use although they are not cheap or reliable. (We
sti11 operate some front panel-switches through these relays, as on the 7A13.)
To really do remote operation we would have needed small motors to turn the
switches. But these motors required too much power. . .they really took a
jolt of current. And space considerations were a related problem, especially
when it was decided to reduce the size of the plug-ins."

5. Easily Turned Knobs: Easily turned knobs were developed after a major

electro-mechanical effort.

6. Programmabjlity: Microprocessors were not developed until the early
1970's, and programmability just could not easily be accomplished given
the technology available in the 1967-69 time period.

7. Projected Graticule: Howard's memo suggested an “easily changed grati-
cule projected on the CRT phosphor." This was to be done by projecting a
film image through a side port on the CRT onto a mirror mounted inside




and then onto the CRT screen. Two principle problems were encountered:
1) it was hard to get enough light to project thin, bright lines. . .it
would take perhaps a 250 watt bulb using 35mm slides, which was a lot of
heat to dissipate, and 2) the mirror inside had to shine through all the
gun apparatus. Also, the related electro-mechanical components were too
expensive and unreliable. However, something similar was used on a TV
vectorscope prototype.

8. Read-out: Howard's memo suggested a read-out that would include the
following: sweep time cm., sweep uncalibrated signal, sweep magnification,
vertical sensitivity, vertical sensitivity uncalibrated signal and polar-
ity. A1l of these goals were achieved, although there were many false
starts. As 0liver Dalton remembers:

1. We first tried a wheel run by a motor and switch. The wheel had a
negative image of the numbers we wanted to display, and a light
would shine to project the image onto fiber optic strands which
would carry the image to the front panel.

2. Another approach was to use gas discharge tubes, but a major problem
was that we could not get a good 1ife. Sperry and Owens-I1linois
are starting to use them for displays.

3. We also tried using little motors to drive tapes with numbers on
them.

4. Finally Barrie Gilbert came up with a readout IC and we all breathed
a sigh of relief. It was a medium scale integration IC and was

years before its time.
9. Two-dot:

*The memo also suggested digital readout of time and amplitude and time and
amplitude difference between any two selected points on a stored trace (a

two-dot system). As Oliver remembers:
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"We had two, high-level people work on this part-time for perhaps three years.
We couldn't solve the basic problems, so we couldn't involve more people on
the project. In those days memory was much too expensive, so we couldn't just
digitize the signal and then make the required measurements on the memorized
waveform. Even if this were feasible, the small computer needed would have
been far too expensive for a general purpose instrument. Now we would just
use a microprocessor and some cheap IC storage."

"So the two-dot system failed for technical reasons. It would have made the
instrument too complicated and expensive and at even moderate speeds it was
hard to make sure the dot stayed on the trace and didn't hover just off the
trace (we had problems at only 30 MHz). At higher speeds the accuracy was
much less than visual estimates with reference to the graticule. Wim was the
overall manager and asked me to decide. I said we should drop the effort.
But the exploratory effort may have been worth it and I often pull out my old
notes for reference as it now becomes possible to do something similar.

"John Horn did work on a system that would get the electrical information from
the trace by '‘worming' the signal back through a ‘hole' on the left side of
the screen. The signal generator output required to put the trace through the
'hole' or gap would then be the signal you wanted. The correcting signal was
to be displayed on a paper/pen recorder. There were some problems with this
method too: voltages of 20 KV were present; it was hard to get precise regi-
stration between the screen graticule and the recorder graticule; and an
unknown was how to handle multiple traces and readout. In the end it was felt
that the system was too complicated and so much accuracy was lost that the
customer might not like it.

10. Cameras

"Morris Merrick did come up with a processing camera that would do the job,
but there were a lot of problems: it was expensive, there were nasty, wet
chemicals (Xerox circuitry would have taken up too much space), and the system
was unreliable." In the end a Polaroid camera shooting from a mount on the
front of the scope was adapted and used.



11. Plug-ins

O0liver Dalton also recalls the outcome of the plug-in proposal (the memo sug-
gested using the 560 plug-ins as a model for size and shape).

Number of Plug-ins

"It was Wim's idea to use "up to" four plug-ins and somewhere along the 1line
it became assumed that there would be four holes. The reasoning was that most
people wanted dual trace, but it was a good idea to use two kinds of ampli-
fiers, one for each trace. Then it was felt that maybe there should be two
horizontal time-base plug-ins so that the oscilloscope could be used normally
or a second plug-in could be added for a delaying sweep. We had originally
thought we would sell mostly single trace, amplifier plug-ins, but we had made
a dual trace plug-in so four traces could be displayed if desired. What
happened is that people mostly bought the dual trace plug-in and used the
extra hole for other purposes. Now the dual trace plug-in outsells the single
trace by ten to one. The extra hole is, for example, used for the logic
analyzer (which takes two holes) or for sampling (the extra hole allows using
the oscilloscope both for real time and for sampling simultaneously.)

Configuration of plug-ins

"There were many discussions on configurations, and the final decision was
made in a committee. Kobbe proposed square plug-ins, although nobody else
seemed to like it. Howard seemed to like horizontal, "wide" plug-ins stacked
one above the other. Wide plug-ins might have been a good way to go, because
they made it easy to associate a trace with a plug-in. But they were bad for
cooling and would have required fans. The “tal1" configuration made cooling
and connections somewhat easier, so after the decision to have four plug-ins
was made, the arguments went on for awhile and then vertical plug-ins were
decided upon. There were problems in getting the dual time base into one

hole, and in fact it's still a problem.
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Height of plug-ins

"Plug-in height was the most traumatic decision. H-P's 180 series plug-ins
had a height of 5%". . . . .(so Tek had to match that height)".

At the WESCON show in mid 1969 Tektronix announced the 7000 series. Oliver
Dalton recalls what happened.

*"As a result of the one year delay due to redesign of mechanical components,
when the 7000 Series came out it was too expensive and the performance was
out-of-date. . .we had had no time to make a new CRT and develop better per-
formance. At the WESCON in 1969 we announced the 7504 with a bandwidth of
75 MHz and the 7704 with a bandwidth of 150 MHz. The 83 had just previously
announced a bandwidth of 250 MHz with a new mainframe and new plug-ins. We
had known H-P was coming along with something better, but we had to just go
ahead and finish what we had. We then had a crash program to improve perfor-
mance and lower cost. Val Garuts, Thor Hallen, and Dave Hannaford worked on
higher speed; Val got the project started then Bill Peek managed it after DC.
We announced the product, the 7904 with a bandwidth of 500 MHz, about nine
months before delivery. The 7904 now in production is virtually the same
instrument they developed then. Phil Crosby worked on a cheaper instrument,
the 7403 N, the N meaning "no read-out." A later effort was high-speed storage.

The 7603 which had a bandwidth of 100 MHz and the 7613 (variable persistence
storage) instruments were brought out simultaneously with the 7623. The 7003
replaced the 7403N. Many years previously (1964?) Tom Hutchins had demon=
strated storage of an 100 MHz sinewave on a Mg0 'fuzz" target. However, it
faded very rapidly. Someone then came up with the idea of transfer storage
which made it practical to use the fuzz target and transfer the "image" rap-
idly from it to a slower, more stable, storage target. Chris Curtin's group
developed the first transfer tube which was used in the 7623.

"The rest of the story is one of filling out the line and developing the

product over the years.



As it happened the H-P 180 series did not destroy Tektronix. Jim Walcutt
attributes Tek's survival during this period to Tek's Field Engineers.
"H-P's salesmen just didn't know how to sell oscilloscopes effectively.
they couldn't, for example, counter customer objections. There seems to be
something special about oscilloscopes. N

‘ Other observers credit a general economic down-turn in 1970-1971 as freezing
the market share positions. (Certainly the down-turn did have the effect of

shaking out numerous smaller competitors.)
Today, in the words of Wim Velsink:

"Today, the 7000 series is in a strong position. It includes a full Tine with
9% orders of magnitude spread in voltages and 12% orders of magnitude in
speed. It can measure in time, frequency, and logic domains. In terms of
sheer capability, there is "nothing like it. . .the 7000 series can measure

virtually anything."
Reflecting on the 7000 series development, Wim Velsink also said:

"the technical leadership role of Howard was critical. We would not have
been so motivated if he had not understood the degree the company was
exposed by the technical advantages of H-P.

And, after the intense, epoch-making effort, in 1969 the Tektronix Annual

Report noted in a diffident manner:
"We don't vary much from year to year, presenting rather a continuum.
Its ingredients are technical innovativeness; youthful and assertive
management (the average age of our vice-presidents is 43); heavy invest-
ment in research; and, we are sure, the finest employees."

Or, as with the closing 1ines of the movie Grand Hotel:

"people come, and people go. Nothing much ever happens here."
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APPENDIX A: THE RECOLLECTIONS OF BARRIE GILBERT REGARDING THE READ-OUT EFFORT
AND THE 7000 SERIES IN GENERAL

NOTES FROM INTERVIEW WITH BARRIE GILBERT
November 30, 1977

The Read-Out Effort

*Barrie Gilbert joined Tek in 1964. He had previously been working on sampl-
ing oscilloscopes in Britain. After only two months of working for Al Zimmerman
on sampling scopes, he joined the "New Generation Group" under Wim Velsink.

*A critical issue at the time was a readout system for the New Generation.
Fiber optic, mechanical and simple electrical systems were being proposed, but
there were problems with each of these approaches. Barrie was convinced from
the beginning that the readout should be done electronically, although the
cost of prevalent character generators was estimated at about $1,000. Some of
the many advantages of electronics readout included the potential for vir-
tually any message content and a same-plane display, which would make it
easier to take a picture of the information.

X1t was clear from the first that custom ICs were needed to meet most objec-
tives; and, anyway, general purpose ICs were not available. Barrie also
decided that the coding should be in the form of analog current levels, which
would greatly simplify the plug-in coding circuits. Barrie also adopted
several other ground rules: the code organization should be optimized for the
major plug-in applications and yet every plug-in should have the potential of
being used with a mainframe with the readout; there should be built-in account-
ing for probe multiplication factors; all alphabetic characters, numerals,
mathematical symbols, and some Greek characters should be available; there
should be two ten-character words available per plug-in; there shog]d be no
restrictions on the message content; a set of preprogrammed instructions to
the readout system should be included; future expansion of the coding matrix
should be possible; etc., etc.



*One of the concepts that Barrie felt strongly about was "superintegration.”
Most electronic circuits are built up by inter-connecting discrete elements.
The conventional approach to IC design is to continue this approach, except
put them on a chip. Barrie felt it desirable to try to achieve the desired
electrical functions by merging elements and by relying upon the electrical
functions by merging elements and by relying upon the electrical interplay
that occurred between the elements themselves (a *juxtaposition of diffu-
sions"). The result of the superintegration approach is a "sort of glob" that
does not make sense in any schematic terms. Although to this day super-
jntegration is still an esoteric approach not much used, Barrie's thoughts
about superintegration are credited with inspiring IBM's Berger and Weidmann
(who developed IZL) and Barrie used superintegration extensively in the final

design of the readout system.

*Barrie's first design generated the analog input signal spatially on the chip
itself. This approach took advantage of the two-dimensional nature of an IC
chip and drew the characters as a series of vector strokes. Barrie checked
out this approach on a 'boot-legged mockup'. . .a prototype fashioned with
teledeltos paper and dime store earrings (a prototype made from ICs would have
been very expensive). Although the mock-up worked, in practice it would have
required fashioning a separate IC chip for each character desired. Also, in
Barrie's words, "it was a misapplication of the superintegration concept."

*Since Barrie wanted to put at least ten characters on each chip, he abandoned
the two-dimensional replica approach. Each character was conceived of as
consisting of eight points with seven vector strokes connecting the points.
Barrie then represented the points with an "x," "y," positional scheme which

was scanned by a dee-shaped region. There was still a snag with this approach.

.it required separate emitter masks for each set of ten characters, which

was undesirable from the point of view of low-cost manufacture.

*Barrie's third design reguired only one mask to program. It was an "analog
read-only memory" which could deliver two waveforms, one for the Ux" coordi-
nate, one for the "y." The majority of the circuits involved were designed by

Barrie Gilbert with Les Larson also supplying some crucial contributions.
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*The read-out effort had been started in mid-1965, and a prototype version
that could simulate the performance desired was completed by about September,
1967.

*Barrie Gilbert has recently returned to Tek after a six and one-half year
absence, working for Plessey and Analog Devices in Britain. On reflecting of
the differences between Tek and Plessey and between Tek and other firms in
general, Barrie remarked on two differences that seemed important: 1) at Tek,
you were assumed to be able to do things until you failed whereas at Plessey
(and in Britain, generally) you were assumed incapable until you proved your-
self, and 2) all materials to do a job were readily available at Tek, many on
an open-shelf, at Tek, it was assumed that you would make good use of the
material. . .if you used them for a hobby project, then that at least improved
your technical ability; in Britain, everything had to be ordered, and you had
to go to a stock man who would go get things for you; the Tek System is
"invigorating" and gives you a feeling that the company is ready to support
you; the Tek System also reduces schedule shippage and helps engineers evalu-
ate instrument cost. (Unfortunately, many of these erstwhile advantages under
Item 2 are less tangible, as cost accounting procedures in engineering
development tighten theif self-defeating grip.)



NOTES FROM SECOND INTERVIEW WITH BARRIE GILBERT - JANUARY 17, 1978

BIOGRAPHICAL NOTES

*Barrie Gilber seems always to have been interested in electronics and oscill-
oscopes. At age nine he became involved with a deaf friend who made his own
hearing aids from tubes wired into tobacco tins. This friend helped Barrie to
make a three-stage triode amp and taught him how to solder. By age 1l Barrie
had made his first oscilloscope using as a display a VCR 97 (Valve Common
Receiving Tube. . .six inch green phosphor. . .war surplus). Barrie also
built several of his own televisions and vividly remembers watching the
Coronation in 1952 on a set he had made. To Barrie this was a "golden age"
for a boy learning electronics because of the availability of cheap, ex-
government radar tubes and beautifully-built surplus equipment. A small
hardship was the refusal of his father to have electricity installed in their
home (because he had just redecorated the house throughout), so Barrie had to
take his early oscilloscopes to his friend's house about a mile away to try
them out. So, while Barrie's engineering experience has centered around
circuits and semiconductors, he has always been interested in visual displays

and oscilloscopes.

THE 7000 SERIES IN GENERAL

*Soon after Barrie had joined Tek, Lang Hedrick called and Barrie was shifted
to the 7000 series. Other people on the team then were Roy Hayes, Les Larson,

Bi1l Peek, Joe Burger, John Horn and Wim Velsink (the leader).

*The ideas for the 7000 Series seemed to come from a variety of sources.

the 540 and 530 series had been in existence for a long time and a catalog of
ideas for improvements had been built up over the years. And, Howard had a

lot of ideas. It was clear that with the maturation of transistors and the

age of the 500 series, "the time was right for a new line.

% There was no master architect for the 7000 series. . .no one as an indivi-

dual planned the features. It was a democratic evolutionary process. There



was no awareness or feeling of enforced management. We dealt with matters in
a pragmatic way. A1l the engineers were in this together. We knew the pro-

ject was important: we were piecing together the Cadillac of Oscilloscopes."

*The preferred form of communication was verbal. There was a lot of common
discussions. "We were excited by the project. . .all the technical talent was
assembled in Building 50 and there was no sense of diffusion. There was still
a small company feeling. And, usually all the materials and components we

needed for the job were readily available. ot

*There was little emphasis then on what it ought to cost in terms of engineer-
ing effort to do this project. We knew we had to do it whatever. Today we
think (necessarily) in terms of our limited resources and think in terms of
costs. Now and again a project comes along that short circuits the Tlong

approval process because it is so important."

*"I had the feeling that somebody, somewhere knew what the 7000 development
was costing, but guys like Kobbe and Velsink thought as engineers not mana-
gers. . .they also were not hierarchical. So I knew that I could always do
what I had to do--there was no need to write proposal documents that would
then get approved. I could basically lay out a plan verbally and then do it.
Documents were not written as required by a process, but rather they were

written to explain with great excitement what now could be done. o

XAt the time we knew that not even a founder could stand in the way of a good

idea. . .and Howard never would stop a good idea if it was presented to him.
he was reasonable. I never thought of him as a barrier, even though he

doubtless had veto powers. He was more visible then, interested in every-

thing, but still he was not a barrier.

*'Most importantly, from my experience, the very best ideas were bootlegged

into existence, often by working through the night."



GENERAL COMMENTS

*"The development of Integrated Circuits has altered the way we now approach
instrument design, but not in any inconoclastic way. Rather ICs have opened
up new possibilities. The key thought is not whether IC designs are becoming
mature, it's that ICs have added a new dynamic to the profession. These days,
in the course of the development of a product you never really know what will
happen before you are through that will change your basic approach. Before it
was easier to decide what to do--and then the struggle was in doing it. Now
the struggle is to decide what to do--what will have market appeal. Almost
anything is possible. . .there are fewer challenges in which purely physical
constraints are the problem.”

Growth at H-P is from the inside out, but we seem to need to take our cues
from the outsides. . .reaction engineering vs. action engineering."

X'We do have the inclination to pursue high technology in projects where the
state-of-the~art is involved. . .But these projects are usually undertaken
only when its clear everybody else is going down the same road. We are not a
strong research outfit. . .we do not really have a Tek Research Lab in the way
H-P does. Tek Lab programs sit squarely on the shoulders of other companies'
processes and inventions, in the majority of cases, and they are much more
tightly coupled to short-term needs."

**Maybe we can do more by making clever adaptations of available technologies
rather than trying to pioneer new and better technologies. We might be able
to cut off all advanced projects and still address our market, but that seems
unlikely. Once we were out there all alone, and we were forced to do our own
research into basic technologies. . .The 7000 Series was a dazzle, a broad
spectrum triumph. There was nothing else on the market like it. When it came
out we were good at everything from circuits and CRTs to read-outs, relays and
push-buttons. Our human engineering was way ahead. But now the rest of the
world has caught up and now we have fewer distinctive abilities.”

xMIn the 7000 Series development days, engineering was the center of Tek
universe. . .the success of the entire company rested on the engineers. I
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sometimes feel that engineering is becoming almost a service operation.
.there to serve the entity which is 'The Company.' We are no 1on§er primarily
a superb engineering company. . .we are now a manufacturing, marketing, money-
making machine. I am not saying that it is necessarily bad. . .it pays my
salary. But we need to be aware of these things and make our management
decisions in accord with these realities. I liked it better when our slogan

was "Committed to Technical Excellence."



APPENDIX B: RECOLLECTIONS OF BILL STRONG ON THE BACK CONNECTOR DESIGN EFFORTS

New Gen Connector Efforts

The first idea for a plug-in connector involved an intermediate connector.
The circuit board edge idea was originally received with skepticism by those
who thought it would not work and by those who felt that it unduly committed
circuit designers to working with a circuit board spatially inmovable with the
plug-in frame.

The specifications for the back connector were challenging:
0 Less pull-out force--the goal was five pounds for 76 contacts at a time
when the best available commercially was greater than five pounds for 30

contacts.

0 Wear--the goal was 4,000 cycles at a time when the best available was 500
cycles.

(] Spacing-~the goal was to reduce the spacing between contacts from 156/1,000

to 100/1,000.
] Flow solderability--the contacts had to be easily soldered.

The design effort started in March 1967. The first task was to establish
specifications in detail. This was difficult, and, for example, some finally
had to be set arbitrarily. . . .Tony Sprando finally said, for example, that
the contact force should be 20 grams.

The first design called for individual pins held in a plastic holder. This
scheme worked, but it was much too hard to assemble, especially as run lengths

would not justify automated insertion of the pins.

Soon Marlow Butler conceived of a carrier strip approach, and design work
started along those lines. By August 1967 Bill was going step by step through

[
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the design process, looking for ideas. He would do a layout, look at it, and
then try something else. He was close to final design by September 1967.

The concept of the final connector design involved the following:

(] The carrier strip and pins were designed to hold themselves on the body
of the connector carrier, which would aid hand assembly.

o Ltong, thin sfrips were desired in order to use a low spring rate, to
minimize tolerance problems, and to reduce withdrawal force while main-
taining contact force; a cantilever scheme was out, because of tolerance
problems, contact force problems, and deformation problems; the final
scheme was to use a snap-on cover to pre-load the contact against the
body. The cover also protected the contact and positioned it.

The conceptual design and layout were, by and large, finished by September
1967.

The next steps were performing dimensional analyses, choosing materials,
making dies, considering alternate assembly procedures, and working on assem-
bly details. Tolerances were a particular problem. These considerations
required major efforts. In July 1968 changes were made to the ramp angles for
the snap on cover. In August 1968 Bill was still testing prototypes and
evaluating different materials. Final design drawings were not prepared and

released until September 1968.

A particular problem was the cracking of the snap-on cover due to grain struc-
tures set up during molding. The final resolution required locating two gates
at just the right position in the die. . . .no other location or number of

gates would work.

In October 1969 design efforts were still going on in terms of re-evaluting
screws and dielectric constants of the plastics. In 1976 there was a switch
from overall gold plating to a gold inlay. In Bills words, "the fine tuning
never ends. . . .old projects never die, they just hand around the designer's

i
-

neck.



APPENDIX C: RECOLLECTIONS OF TONY SPRANDC ON THE RELAY AND SWITCH DESIGN
EFFORTS

The Sprando Relay

Bi11 Walker approached Tony Sprando in spring 1966 and hired him because of an
urgent need for new switches and relays for the 7000 series. When Tony joined
Tek two other groups were working on relay concepts, one group focusing on
pizo- electric approaches and the other focusing on an air-driven relay
(apparently Howard Vollum was interested in developing a fluidic scope). Tony
with the help of a draftsman {Dick Sollors) were to develop the electro-
mechanical possibilities.

The specifications for the new relay were developed by Oliver Dalton and

others and were for a "remotely operated switch with two contacts and extremely

low power consumption."” The first step was to engineer the design: Tlay-out a
contact system, then develop a motor circuit, then tailor the design to the
envelope specified. The next step was to determine the materials to be used.
Then the effort turned to how to plate the materials and what manufacturing
processes to be used. All of this was essentially a one-man effort. Tony
found it hard to describe this process. . . . ."it was based upon a lifetime
experience, not upon a particular breakthrough. . . . .Howard would come by

and ask some questions to make sure I knew what I was doing. . ."

Problems developed when the relay was passed over to manufacturing. “They

would try to redesign the relay or substitute materials without understanding
the engineering concepts involved. For example they decided on their own to
use a plastic pivot. The problem was they didn't tell us they were going to

do this, so there were problem¢ with the relays, of course. Other times they

decided not to thermal cycle to our specifications, or keep the parts clean
enough, or relax quality control. . . . .I was responsible for the product,
but didn‘t have the authority I needed. . . . .so there were lots of meetings,
a lot of time spent trying to influence the process."
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The Cam Switches

The next major effort that Tony was involved in was the development of cam
switches. At the time the Switgh Department had developed expertise in the
acquisition of commercial switches and had not attempted to do original de-
signs. Then Howard Vollum made the decision that Tek would develop its own
switches, and Tony, Bill Verhoof, and Howard jointly developed the cam switch.
The design ideas emerged from a "a lot of way-out brainstroming. . ."Howard
played a key role by taking an "unlimited funds, the sky's the 1imit" atti-
tude, while the other members would bring the ideas back to reality.

Once the concepts were established, the manufacturing problems began. The
prototypes had been made on numerically controlled machines, and the proposal
was now to cast key pieces in plastic. But the Plastics Group said it could
not be done. Finally, Tony came up with a four piece die design that would do
the job (previous approaches to die design had assumed there would be only two
pieces). The four piece die was the critical breakthrough which then made

production possible at a reasonable cost.

There were then the usual difficulties in establishing tolerances, materials,
fixtures, and so on. The skill involved in making a device producable cannot
be over-emphasized, for it is a key element in the mechanical design process.

Tony remembers that "there was a lot of manufacturing resistance; they kept
insisting at every meeting we held that they couldn‘t make this switch. It
was tough going. And they would keep changing the specs on their own, which
would make the final product unusable."

The Push-Button Switches

Howard Vollum was the person who started the push-button effort because he
wanted small buttons. Some of the key inputs on the design came from the
Model Shop, such as from John Winkelman who came up with a latch mechanism.



General Comments

"Tek would give you rope, but you had to be sure you knew how to use it."
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ADVANCED INSTRUMENTS
by Gene Chao

Introduction

I would like to illustrate for you some basic issues that design engineers
are struggling with while thinking about what instruments will look like
in the future. To do this I will use a typical digital instrument as an
example, going through the functions each of its major component parts

perform.

There should be three disclaimers set forth at the beginning: the
first is that this is only an example and refers not at all to some
exciting developments in other types of instruments, such as analog
instruments; the second is that the future of advanced instruments can
best be characterized by a set of trends, not predictions. The third is
that these views are from much thought and the result of many hours of
discussions with key people at Tek. I do, however, stand by the comments

made here.

Of these three caveats or reservations the one about the future being
unclear is perhaps most important: the future of advanced instruments
will be a series of "nows," rather than a foreseeable or planned future
that is orderly and predictable. The future depends on what market
segments you are talking about, upon some very unpredictable break-
throughs in technology, and upon what key people in key areas decide to
do.

It is possible to talk about some "basics" that will shape future instru-
ments, but that is not the same thing as making predictions. To me,
talking about the basics of an instrument means identifying each function
that an instrument performs and describing some of the key events and
trends that are taking place with respect to each function.

Another basic that deserves special attention is how people interact
with instruments and how that interaction may be made more productive.



Evolution of Advanced Digital Instruments

The starting point for any discussion of advanced instruments must be
some reference to microprocessors and semiconductor memories. These
devices are in the news a lot, but even though we hear a lot about them,

their importance cannot be overemphasized.

Very low cost and cost/performance semiconductor devices are what make
new types of instruments possible. Their limitations are what will

guide the development of future instruments.

Microprocessors represent a class of cost effective general purpose
devices that will perform basic computation and control functions. They
impose on designers some arbitrary parameters...such as a certain number
of pins, eight-bit or 16-bit word sizes, and speed in the one to ten MHz
range. There is no law that says designers must use micioprocessors,
but at ten dollars a piece they are very difficult to ignore.

So the first assumption that I will make is that Advanced Digital
Instruments will be designed around the possibilities and limitations of
high-volume, low-cost semiconductor devices. This has an immediate
effect of focusing our discussion on some key areas. For example, a
clock rate of ten MHz means a signal handling capability of two to four
MHz...which is fairly slow for many applications of interest. So, it
jmmediately looks like real time continuous signal processing is out and
some separation of the functions of signal acquisiton--at high rates of
speed--processing--at slower rates of speed, will be necessary.

On the other hand, the general purpose nature of the microprocessor
opens up other new areas....three of which are the types of instructions
instruments may act upon, the types of mathematical computations instru-
ments may make based upon information form signals received, and the

nature of the man-machine interface.
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I think that the best way to talk about some of these considerations is
to take the various parts of an instrument one at a time and talk about

how semiconductors are influencing them.

A Tour of a Digital Instrument

The Early 1970s

In the early 1970s people often thought of a digital instrument in the
terms of this drawing:

SIGNAL ACQUISITION

Sensors, probes &
A/D conversions

INSTRUCTIONS
SIGNAL PROCESSING
Firmware cpu and memory
I
DISPLAY
Crts

Signals were received by a probe and sent into a processor for analysis.
The analysis was performed with reference to a set of instructions and
displayed on a CRT. Basically, all this happened in real time.

What this instrument did was measure something.

The instructions typically were placed in something called a ROM, or
read-only-memory. A ROM was a general purpose semiconductor memory that
could be "loaded" with instructions, and then the instructions could be

“"burned" permanently into the device.

The combination of ROMs and microprocessors were a major improvement
over what had been used..."random logic" or "hardwired logic." With
hardwired logic the instructions for any particular instrument had to be
physically assembled and hardwired into place. That meant that each
instrument was a unique design and assembled in a unique way. ROMs, by



comparison, are basically general purpose devices into which instructions
can be placed and then fixed in permanently...the same hardware could be

used for a myriad of designs.

In the early 1970s semiconductors had not yet had a major impact on the
way signals were acquired or displayed. Rather, the first impacts were
on the core processor and on the way instructions were assembled and
held.

Still, even in the early 1970s the ability to plug in ROMs as instruction
sets was recognized as an important development. ROMs meant that the
same central hardware could just about do anything...anything from
measuring voltages to analyzing waveforms. It is this trend towards a
general purpose core that is perhaps the most profound and decisive
development that has occurred to instruments as a result of the power of
semiconductor technological advances.

The Late 1970s

By the late 1970s people were beginning to refer to something more
complex when they said the words "digital instrument:"

SIGNAL ACQUISITION
High speed transducers
and A/D]devices

INSTRUCTIONS COMPUTATIONS & SYSTEM NETWORKS
MEMORY
GPIB
Operating system, I/0, [More sophisticated Other instruments
applications programs-- | [CPUs and much more
*how to make a measure- memory
ment.

Xhow to act in a system
of instruments.

*how to handle special-
ized input/output DISPLAY
functions.
*what to do for special XCRTs
applications. *Keyboards
4
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Basically, this instrument can both measure and calculate.

Some of the instructions are in ROM, as in the previous example, but now
instructions may also be entered by a keyboard into something called a
RAM--a Random Access Memory.

An important development made possible by microprocessors is the ability
to tie instruments together in groups. The channel over which communica-
tions among instruments and central processors may occur is known as a
data bus, and the most commonly used configuration is known as the

General Purpose Interface Bus, or GPIB.

The GPIB bus, it should be noted, is a physical channel along which
information may be sent. A GPIB is like a voice; GPIB "protocal” are
rules of order... like when should I sepak and when should you speak;
GPIB as a hardware standard says nothing about how- messages are to be
coded. ..like whether we should speak in French or English.

The performance of a system of instruments tied together by a GPIB bus
is limited to the slowest element of the system, usually the semi-

conductors in the instrument CPU and memory.

It should be noted that the CPU in this diagram is now truly general
purpose in nature. Such a CPU could easily be used to make calculations
based on numbers entered through a keyboard. Such calculations could
even be occurring while the rest of the instrument is engaged in a

measurement task.
The Future

Following the general layout of an instrument presented so far, a
conceptual scheme of a digital instrument of the 1980s might be:



SIGNAL ACQUISITION

Sensors

I
SIGNAL PROCESSING

Pre-Processing

i
INSTRUCTION COMPUTATIONS SYSTEMS NETWORK
AND MEMORY
Adaptive Very sophisticated| GPIB Other Instruments
instructions| { CPU & large inter-

active memory
with file manage-

ment High speed data bus Distributed
| Processing
DISPLAY
*CRTs
*Keyboard

*Voice recognition
*Touch panels

This chart now pictures what might be called an advanced instrument.
This instrument can measure, calculate and make decisions.

The ability to make decisions flows from the more advanced nature of the
instruction set. Such instructions, limited primarily by amounts of
memory and software expertise, would allow the instrument to make if-then
decisions. For example, if a signal rises above a certain level, then
the machine might decide to send a warning signal. Or if an operator

enters a confusing command, then the machine might ask for clarifications.

Such if-then decisions should not, of course, be confused with "thinking"
or "making decisions" in the sense that humans think and make decisions.

More advanced instructions also facilitate the trend towards a greater
flexibility in applications. Now that the core of the instrument looks
like a computer, then all that is needed to expand applications is to

write a new program.
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Note on the diagram the addition of a second sort of data bus. It seems
to me that the inherent limitations of CPUs and the need to perform
calculations at some speed approaching that of the signal acquisition
speed leads directly to the need for a distributed processing
capability...i.e., to share the load with other CPUs or computers. To
make distributed data processing work will require a high speed data bus
with its own protocols and hardware standards. This data bus would not
just handle individual signals but rather would handle large chunks of
data and instructions transmitted all at once. If you visualize a GPIB
as a telephone line on which two people can talk and agree on analyzing
a report, a high speed data bus is 1ike handing someone a thick feport
and saying "Here, this is the report to analyze."

Note on the diagram the further separation of the signal acquisition
function from the CPU. Fast data acquisition is required to track many
events of interest. Since the CPU is relatively slow, fast acquisition
means either some sort of buffer arrangement or else some way to pre-
process the signal to throw away the information that is extraneous.

An example of pre-processing might be the case where an instrument is
trying to locate and read a character on a page. To find the character,
the instrument might have to scan a large area at a high rate of speed.
Pre-processing would allow the CPU to ignore the blank space that is
scanned and only allow information about the character itself to be sent
to the CPU for analysis. This reduces the essential information
enormously to just two simple statements: where the character is and
what it looks like. The speeds required and the special nature of each
pre-processing application make signal processing devices inherently a

custom design activity.

Another feature of the advanced instrument will be greater concern with
how the user interacts with the machine. This concern may be called a
concern for productivity, or customer satisfaction, or a more "friendly"
instrument. The concern arises from the fact that the machine will be
analyzing and presenting data faster than the human can understand it so



humans will require machines to present the data in forms more acceptable
to humans.

How People Will Use Instruments

The goal of advanced instruments is to make people more productive.

One area where productivity can be improved is the quality and speed
with which people and instruments interact. To understand how the
interaction may be improved we first need to say something about what
people can do well.

Here are some basics about people:

*good at visually receiving vast amounts of information at high
speed;

*good at hearing information;
*good at speaking information.

These considerations immediately suggest that advanced instruments will
need to be able to recognize voice commands and display information
visually and/or (depending upon application) orally.

Instruments can at present "speak" and “understand" words.

Instruments can speak through speech synthesizers that, in one West
German product, store about 250 sound elements in a 65K byte memory that
can be combined, chopped, mixed and timed to produce almost any word in
the cadence and inflections typical of a human voice.

Instruments can understand words because frequency analysis of speech
can allow them to recognize patterns. There are some difficulties
because each person pronounces words slightly differently, but machines
can be "taught" each user's idiosyncrasies on the spot.
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Except for simple "commands," voice recognition does cause many problems
for machines. Human speech is typically both redundant and incomplete
and relies heavily on context,inflections, and common knowledge about
the subject to communicate effectively. Language understanding is a
problem of several more orders of magnitude of difficulty, and no prac-
tical machine understanding of language...as apart from pattern
recognition...seems foreseeable in the next few decades.

The ability of humans to receive information visually is truly remark-
able, however...Humans can do what is called parallel processing...
simultaneously analyze large amounts of data on a pattern and focus very
quickly on the most important points in the pattern. This ability to
focus on what is important is largely indescribable at the present time,
but it does mean that displays, particularly high resolution faster scan
displays, will almost certainly be an important part of advanced

instruments.

Advanced instruments might also conceivably take advantage of the fact
that humans have a remarkable ability to remember things (computer
people call this a good data base structure along with efficient compare
registers). For example, when you are asked for the name of a childhood
sweetheart, you may not be able immediately to recall the name, but,
probably, sooner or later you will.

Similarly, when people hear certain trigger words, say "Nixon" or "high
school," whole hosts of images and associations immediately appear. The
mind has the ability to sort out and prioritize while it is not active
(say while you are asleep) such that the next time you need the informa-
tion, it's in a very usable form. When two people talk, scientists
let's say, a tape recorder might hear only a succession of meaningless
phrases or sounds, but in reality some quite vivid and clear thoughts
may be passing back and forth. Conceivably, advanced instruments might
be programmed to trigger such images so that an engineer scanning a
system at a high rate of speed might suddenly see a particular pattern
and immediately know what was going on.




1 am tempted here to go on and talk about the entire field of artificial
intelligence research. A large fraction of the faculties at the three

of the most prestigious computer science departments (MIT, Carnegie-Mellon,
and Stanford) are now involved in artificial intelligence research. But

they are running into at least three sorts of roadblocks:

1. Computers don't have an experience base so they don't know
much about what is being talked about...as a result, in order
to get computers to understand language, ways need to be found
either to pin down the raw rules of languages and dialects or
else find a way to give computers some experience...perhaps
with pattern recognition capabilities (an eye) and proactive
physical abilities (a hand).

2. In humans the mind and body are one...in computer terms humans
are distributed processing systems and the brain doesn't just
receive electr