Pat Wang Tech Center Memoirs

"While I was at HP's Palo Alto office, under the guidance of Art Fong, I converted
a janitor's closet into a thin-film laboratory (as shown in the second image).

This lab, measuring only 3 by 3 meters, was used to develop the latest microwave
thin-film integrated circuits, designed to replace bulky and costly microwave
equipment. This work was featured in HP's internal publications

And the research was documented in a paper and published in the proceedings of
the American Institute of Engineers, also was mentioned in the HP's 1970 annual

report."
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Above Pictrue I : My HP employee ID in PALO ALTO, California.



DAVE WOOLF (center, Microwave
5U) recently won an Honorabl
Mention award in Eta Kappa Nu'
(electrical engineering honors so
ciety) program to name the Out
standing Electrical Engineering Stu
dent in the U.S.A. He will receiv:
an award at a Wescon luncheol
August 25. Dave is working in thi
film microcircuits at HP for th
summer, and will return to Car
negie Tech to continue work tc
wards his Master's degree.

PAT WRANG (left), who joined H
in July, recently received his Ma:
ter's degree from Stanford. AR
FONG (right) is head of thin filr
microcircuit R&D for the Micrc
wave Division.

Above Picture II : The Film CKT, After joining HP in 1966, I (left) and Dave

Woolf (center) established this ultra-miniature thin-film processing laboratory
under the guidance of Art Fong.

Above picture : Photographed in HP PALO ALTO office in 1967.In 1967, HP
used many bulky instruments to test the samples they produced.



Above picture : Photographed with Lab assistants in HP office in 1970.



The
microwaves
of

the future

Jowel-like microcircuits are helping to change
whole concept of instrument building. HP

has a unique combination of experience and
sapability in this now microelectronics field . ..

ation instrument e de

in imstruments that will be

wller, lighter and more reliable. Looking ahead, if con
fvative projections are fulfilled, microcircuitry will require
€ scrvices of more than 1,000 people within five years

What kinds of products are involved? The present line
sty mainly of watchaize amplifiers and oscillators that
xome parts of complex radio frequency systems such as
P signal gencrators and spectr
dephone Links und community

Or microwave
antenna iclevision networks

COMpRG F ront-cov g1 eph thor
Bwei-like microeloctronc products now

Above picture I1I : In 1969, I presented my first research paper at the
International Microwave Symposium in the United States. The paper focused
on the technical design of a solid-state broadband power amplifier, which had
a bandwidth ranging from 10 MHz to 2000 MHz, entirely built using silicon
semiconductors. The design software for this project was co-developed by me
and my HP colleagues Luiz Peregrino and Ralph Eschen-bach.
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William R. Hewlett



Above Picture : My article and photo from the International Microwave
Symposium were also featured in the 1970 HP Annual Report. Advanced
microcircuit technology enables HP to reduce the size and cost of instruments,
at the same time increasing their reliability and usefulness.

The following information is recorded in HP's 1970 annual report.

Sophisticated solid-state devices, integrated circuits and hybrid microcircuits are
the elemental building blocks of complex electronic instrumentation. They have
made possible today's compact, economical and extremely reliable measuring and
data processing instruments.

Increasingly, to fill its needs, Hewlett-Packard is designing and manufacturing its
own highly engineered components. By doing so, the company is able to exercise
additional controls in the design and development of its instruments and systems.

Hewlett-Packard has demonstrated industry leadership in developing solid-state
photoconductor devices, step recovery and PIN diodes, MOS technology,
monolithic integrated circuits and light-emitting diodes. Components such as these,
developed initially for HP instruments, can now be produced to exacting quality
standards-in high volume. Consequently, the company today is providing reliable
solid-state devices in large quantities to outside customers- establishing itself in a
new, important market.

These internal capabilities also have a synergistic effect. The creation of an
integrated circuit, for example, may lead to the development of an instrument that
provides more functions at lower cost, a higher degree of reliability, and a smaller,
more convenient size. On the other hand, the introduction of an instrument by one
division may give another the tool it needs to produce a new instrument of its own.



This structured, interactive background for technological development has also
made it possible for the company to design many of the specialized tools needed
during the manufacturing and testing phases of its own products. These range from
highly specialized equipment used in the fabrication of component parts to
automated test systems for continuous and consistent reliability checks of finished
products. The systems have had an added benefit, in that their successful
performance has helped establish the company as a leader in custom designed
systems for outside sale.

Above Picture : George Bodway, TThe results we developed in that small thin-
film research lab. And our supervisor, Dr. George Bodway to lead us in verifying a
microwave integrated circuit design method based on S-parameters. The
verification was highly successful, and this design generated new business for HP's
microwave instruments division, earning over a billion dollars for HP.



inventions of Opportunity:
Matching Technology with Market Needs
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Patrick H. Wang
Pat Wang & section manager for
GaAs device lechnology in HF's
Microwave Technology Center
With HP since 1966, he's been
concemed with the deveiopment
ol microwave infe: circults
micigwave IC amplifiers, and
microwave ransistors. An IEEE
member, he's Buthared six pepers
on microwave bransisiars fof
IEEE publication and confer-
ences Patrecenved his BA degree
In Werature from National Taiwsan
University in 1960 and his MSEE
degree from Stanioed Universiy
nee daughters, bves n Santa Rosa,

CaMomia, and is interested in photography

The GaAs FET in Microwave lastrumentation

By Patriok . Wang

semiconductor induslry. Therefore, many pecple are sus-
picious of GaAs FET reliabilty. From aur extensive reliability
teet results and from reports from other leaders in this
tigld??, tre device itseit is very reliable ang an MTEBF (mean
time between faiures) of 10° to 10* hours is expected. Even
though the gate is mada of aluminum with fine gecmetry
(1 wm x 0.7 umj, metal migration should not be a problem
becausa the gale is ot supposad o carfy any appreciabie
current, Even under heavy RF driving conditions, the g

rent gan be reduced by 8 prope bias on the gale
However, bacausa the GaAs FET 1 y n impedance a
low frequencies, it s m nerable o siatic charge o
lransient spike damage. Extreme care musl be exercised our-
ing device handling and testing, and spika protection circuits
dre racommended
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