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Abstract —This paper highlights some of what, from the authds

perspective, were notable contributions of Prof. Glariel Freire

to the advancement of microwave photonics at ITA, Bzil. For

nearly three decades, beginning in the early 1960shen he
completed Master's and PhD programs in Electrical
Engineering at Stanford University, he was a driviig force in the
development of ITA’s graduate studies program. He as without
a doubt a very good researcher, a learned scholagnd an
inspiring teacher who kindled the spirit of discovey in his

students. The paper intersperses his academic aché@nents with
a few personal reminiscences provided by his formestudents
and attempts to review his notable legacy to microave
photonics.

Keywords- electromagnetic waves; acoustooptic; wetaptic;
laser; microwave; photonic.

l. INTRODUCTION
The primary purpose of this paper is to highlighing of

what, from the author's perspective, were notable

contributions of Prof. Gabriel Felisberto de OlineeiFreire,
here after named Prof. Gabriel Freire, to the adearent of
microwave photonics at Instituto Tecnolégico de dxéwitica
(ITA), Brazil. He was very proud of his colleagusdTA and
of fellow researchers of the Brazilian Microwavesda
Optoelectronics Society (SBMO), which he helpetbtmnd.
His career as a researcher on applied electrortisigne

began at Instituto de Eletrotécnica of Universidkdderal do
Rio de Janeiro (UFRJ), his “almamater”, then Es®N#Aaional

de Engenharia da Universidade do Brasil, where las w

admitted as engineer trainee, in 1951. The follgwear, he
resigned to take an engineering job with CentresiB@mo de
Pesquisas Fisicas (CBF-Brazilian Center for Rekearon
Physics) — RJ, to work on the Sincrociclotron Rebje

sponsored by Conselho Nacional de Pesquisas (CNPq

National Research Council). At CBPF, then locatethée city
of Niterdi, he had the opportunity to meet a fewstanding
researchers, namely: César Lattes, José Leite | dpgme
Tiomno and Roberto Salmeron. However, by late 19%&4,
was missing university life to such an extent tiatecided to
apply for a professorship position at ITA, in Samsé dos
Campos, then a country town, in the state of ZAddP

In order to better understand his decision, ors¢ §hould
recalls that ITA was created with assistance frome t
Massachusetts Institute of Technology (MIT) [1]. nide,
from the very beginning, ITA was seen as a dirdfspoing of
MIT, therefore an institution patterned after sooréinal
concepts which would led to its growth as a spetyipé of
educational institution which can be defined asnaersity
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polarized around science and engineering. We naglhsuch

type of institution a university limited in its dgtives but
unlimited in the breadth and the thoroughness wiltich it

pursues these objectives. These concepts expldiys an

institute of technology as ITA was created aimibgaluding

an undergraduate school and a graduate school expialo
parts on a homogeneous faculty. Out of such coimreptan

one would expects the evolution of a school of eeegiing

and applied science working in close associatidh wischool
of basic science, complementary and both enrichedhb

social and esthetic values of humanities.

An institution is often said to be the shadow ahan. ITA
is the shadow of many men and women, but abovi ialla
tribute to both Casimiro Montenegro Filho, therietenant-
colonel from Brazilian Air Force (FAB), and Richakthbert
Smith, a professor from MIT Aero-astro Department
Montenegro was a very good administrator whose titavado
excellence and visionary leadership help to setdhAhe path
towards greatness. Richard Smith, who was undetramin
with FAB, was author of a general plan aiming & ¢heation
of a center in aeronautical engineering, the Ceffitonico
Aeroespacial (CTA), known as Plano Smith. He |aecame
the first Rector of ITA.

The institute aims, as stated above, appealedmaach to
scientific Gabriel Freire’s ideals. He joined tfeAls Divisdo
de Engenharia Eletrénica in 1955. There, he hapglilgred
duties with a group of experts from various natlibies, some
of them holding a PhD degree from well known ursités,
which was performing research on microwave theanyd a
applications on telecommunications. He also deeply
appreciated the environmental beauty of the irtstitampus,
of which one may catch a glimpse in Fig.1.

- W o i

Figure 1. An Aero view of the ITA campus. Freire’s office wiasthe
second building seen at the far right hand side.
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Prof. Gabriel Freire was determined to make a caate
ITA. In the fall of 1957, he was awarded a CNPdpfeship
which enabled him to undertake graduate studieStatford
University. There he worked under Prof. Chodorowd an
obtained Master and PhD degrees in Electrical Ewging.
His PhD program was concluded on Apfil 8962.

It is opportune to recall that a few yearsliea Prof.

aeronautics, electronics and mechanical engineeBwgh
remarkable achievement also indicated that ITAéaidwhich
postulated both an undergraduate school and a a@dohool
as coequal parts of a homogeneous faculty, wdgastifrom
being completed. This perception explains why ia #arly
1960s, the creation of a graduate programs on eagitg was
a major concern to quite a few ITA's professorecsaly to

Senise, also from ITA had concluded Master and PhD those who found inspirations on the vision of arfer MIT's

programs, at Stanford, working under Ginzton anddoinow,
respectively, 1955 to 1958. As a matter of fact, doshort
while Freire and Senise shared research facil#ieStanford.
Saying it shortly, in the middle 1950 two ITA’s etenic
engineering faculty had graduated at Stanford utfteeisame
adviser! Naturally, their influential adviser, Pr&Zhodorow,
deserves further attention. As a matter of factgheduated
under Prof. John Slater, from MIT, in 1939, whoeavfyears
earlier had advised William Shockley, one of therogntors
of the transistor. Him, Bardeen, and Brattain sthale 1956
Nobel prize in physics for their “investigation osemi-
conductors and the discover of the transistor £ff§2].

Consequently, students under Chodorows, like Framd
Senise, would undertake challenging research wihileking
for according to both the MIT's and Stanford’s stard of
values.

Moreover, finding out about sources of ITA‘ather
enduring affinity to Stanford University is relevato this
paper aims because it may help to understand weiy since
his return from Stanford the number of former stud from
ITA who enrolled in graduate program at Stanford hacame
rather significant. Obviously, the assumption thBA is a
direct offspring of MIT is not questioned. To thagm one
should recall that by the middle 1950s ITA’s Eleoic
Engineering Division was headed by professor Spavere
then on leaving of absence from Stanford Universiiy was a
very good teacher preoccupied with institutionatcomes.
His interest on such matters was powered by arcteféeand
long standing collaboration with Frederick Termathe
legendary electrical engineer professor, known fathér of
silicon valley”, who was then the Provost and ViRresident
of Stanford University. At ITA, Spangenberg alsa@mraged
advanced researcher on devices based on the idarac
between electronic beams and electromagnetic fieddsa
matter of fact both Senise and Freire developeid gnaduate
studies working on Klystron, a microwave devicedohsn the
just mentioned kind of interaction [3].

Additional source for the affinity under examimatimay
be found in the biographies of Aldo Vieira and ldéGosta,
both from Brazilian Air Force (FAB), who were stunde at
Stanford during the World War 1l years [1]. For exade,
nearly ten years later, in 1956, Aldo Vieira becddirector of
CNPg. Beyond that, after retiring from FAB, he weatk to
Stanford, as graduate student, obtained a PhD @leigr&965,
and worked his way up as a faculty. Nowadays hans
emeritus professor at Stanford’s electrical enginge
department.

After these insightful historical notes, it is oppume look
at ITA in the beginning of its second decade. Tistitute was
recognized as an outstanding undergraduate schaol
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President, Karl Compton, which states the threet pedinent
guestions in evaluating: ““What is its purpose?VHat is its
accomplishment?”, “What is its future?™ [4].

A model for a graduate program on engineering aiated
fulfilling the so called “stricto sensu” requiremsnand
tailored according to ITA's mission was created addpted
by ITA when Prof. Marco Antonio Guglielmo Cecchiwas
its 5" Rector, in1961. In its early stage, the programteat
on electronic engineering was very much based an th
expertise and leadership of Prof. Richard Waullaekc

When Prof. Gabriel Freire returned to ITA in eatl§62,
the institute was facing the challenge of pionegmgnaduate
studies on engineering, in Brazil. He was eaglertidertake
his share of duties, both teaching and researaminglasma
and microwaves.

This paper comprises three more sections beyoisd th
historical introduction. Section Il highlights higesearch on
plasma and microwaves, 1962 to 1975. Next, seclibn
addresses his researches on photonics. It alsaspoin
reasons why his legacy has played so great a mpart i
contemporary research on microwave photonics, A{ &nd
even at other engineering schools across Brazié paper
ends with section IV, where concluding remarksgiven.

Il RESEARCH ONPLASMA AND MICROWAVES

As already mentioned, right after returning to ITRvof.
Gabriel Freire undertook teaching on both the ugdetuate
and graduate levels. Simultaneously he began m&seam
plasma and microwaves and also dealt with instgute
research administrative matter. Nevertheless, kebleshed
his teaching and researcher interests and madsca pmong
his academic colleagues.

His first graduate student at ITA was Aroldo Borg#siz,
a former ITA's student who was then beginning aeamas a
faculty at Electronic Division. Their joint work Haa rather
great impact on both graduate and undergraduatetiest on
the subject of electromagnetism at ITA. First, ider to
fulfill the requirements for a master degree, Amfatesented
the thesis “Propagation of Electromagnetic Waves in
Plasma”, in 1963 (in Portuguese). His was the sdcon
graduate thesis presented at ITA. Next, he conplstedies
leading to the Doctorate degree, also under Praibri@l
Freire supervision and presented the first thefsibis kind at
ITA, “Study of Microwave Oscillations by Gunn Effgcin
1970 (in Portuguese).

Their collaboration was crowned with the publicatiof a
book “Electromagnetic Waves”, EDUSP/Livros Técnias

o Cientificos, in 1973 (in Portuguese), which became
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household item to many engineering students, ad3ossil.

A quick glance at its front cover, shown in Fig.®ings to
life a joy of insight valuable to many SBMO’s membevho
make their living out of Maxwell's equations and i8rs

chart. The front cover was provided by Prof. JAs¢onio

Justino Ribeiro, from Instituto Nacional de Teleeoitacgtes
(INATEL).

Figure 2. Front cover of Freires’ s book, side by side to Il6gotype.

As a personal note, the author of this paper ke to
mention that the aforementioned book was highlyiatad at
Universidade de Brasilia (UnB), while he was doing
undergraduate studies on electrical engineeringethfeom
1973 to 1976. A few years later, while undertakimgduate
studies at ITA, he was honored by having Prof. @hbireire
as his adviser and had the opportunity to learmeatgdeal
from the insightful author and his book as well.

Prof. Gabriel Freire's researches on microwaamsd

semiconductor, plasma and ferrites.

Regarding graduate students advisement, beyond the
already mentioned Aroldo’s master degree, seveiitiadal
master degrees were completed. Among them, six issued
to junior professors affiliated to a few universgtilocated at
three different states of Brazil, whereas the stwene was
to an international student, from Peru. Their thesibjects
were very up to date research topics, such asy sitid-M
signal distortion on plasmas, electric dipole insatropic
plasma, helicon waves in semiconductor, to hamejusita
few.

Regarding administrative duties Prof. GabFRetire also
did his share. At ITA, where he was promoted tol ful
professor in 1967, he was head of Electronic Ereging
Division, from 1966 to 1967. Beyond that, he was @f
founding fathers of “Faculdade de Engenharia de B&g
dos Campos” a private engineering school, of whiehwas
the first Director, 1968-1971.

Concerning his contributions towards fostgriesearch,
is important to mention that he was keynote speaker
meetings such as: First Brazilian Congress on tileic
Engineering - ITA, 1965, and at Symposium of thaZflian
Society for the Advancement of Science (SBPC), helio
de Janeiro, in 1973, and Recife, in 1974. Naturahg
became friend to fellow researchers from a good yman
institutions such as: Universidade de S&o PauloP{US
Instituto de Pesquisa Espaciais (INPE), Universidate
Campinas (Unicamp), Instituto Maua de TecnologpaTy,
Instituto Militar de Engenharia (IME), Instituto kianal de
Telecomunicagoes (INATEL), to name but a few.

The achievement briefly highlighted in tipeevious
paragraphs was a valuable academic asset whichatedi
Prof. Gabriel Freire’s capability and leadershipcarry on
multidisciplinary research. Such qualities enabldch to

plasma, mostly accomplished between 1962 and 1975pbtain a rather strong institutional support, wiendecided

became quite well known and have been discussedhays.
Therefore, this paper will present them in a rattescriptive
fashion.

In the period under consideration his redesscyielded
ten publications on scientific international peraads. Indeed,
it was a very good outcome, specially when one gak&o
account the rather severe limitations which had b

overcome in order to be able to publish abroad. His

publication appeared in the following scientificujoals:
Proceedings of IEEE (5), American Journal of Ptg/§ig,

He also wrote a few very insightful internal regotased
on researcher developed under the sponsorship &gGixd

Fundacdo de Amparo a Pesquisa do Estado de Sédo Pau

(FAPESP). Furthermore, his classistes on plasma physics,
microwave semiconductors, microwave devices, anghnet®
hydrodynamic were just wonderful.
successful regarding to both undergraduate andugted
students advisement. Thirteen undergraduate stscarked
under his advisement, on subjects ranging from owiares,
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He also was very

to undertake researcher on microwave photonics.
Il

Looking backwards, one finds that by the rad#i970s
the field of photonic had become a major subjectiite a
few researcher groups throughout the world. Thieisavere
related to the generation, emission, transmissiadulation,
signal processing, switching, amplification, deimtt and
sensing of light [8].

Prof. Gabriel Freire was very much aware e trend
driven by photonics and found stimulating appeals o
branches dealing with modulation, switching, traission,
Iamd signal processing, hence he decided to shiftqfahis
research activities to the field of photonics. #f&8 as
frequency range was concerned, his interest wasséston
the commonly called optical communication range, the
range within the near infrared and the visible i

In order to better appreciate the effectessn of Prof.
Gabriel Freire’s approach to research on the fiélohotonics

RESEARCH ONMICROWAVE PHOTONICS
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it is opportune to recall the topology of a staud&iber
optical link, which is briefly illustrated in Fig.3
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Figure 3. Schematic representation of an optical fiber link.

In the typical implementation of an optiddler link, as
shown in Fig.3, an analog or digital electrical ngij at
microwave frequency is transported over a certaigth of
optical fiber, with electrical-to-optical and opieto-
electrical conversion at transmitting and receivéides. The
illustration refers to a link based on external eirdity
modulation and direct detection (IMDD).

Since the very early stage of his interastphotonics,
Prof. Gabriel Freire had decided to carry on experital
researcher and also take advantage of the lab@stor
facilities available at ITA and near by instituttorBased on
such aim he decided to take on optical modulater, its
design, fabrication and tests, as his main reseé&opit.
Fulfilling such aims would require quite a few guate
students with background ranging from physics (®)ti
electronic engineering (microwaves)
(analytical and numerical techniques). He had to sot and
trained the students aiming his research needs [9]

Coming back to the optical modulators mafterBrof.
Gabriel Freire decided to investigate modulatorscivirely
on the electrooptic and acoustooptic effectsspeetive of
the their technology, i.e. bulk optic or integchteptic. These
effects are rather intense in lithium niobate (LN
therefore at ITA likewise in many researcher insidn, it
was recognized as enabling material by those whoe we
working towards practical applications of photonics

Recognizing the crucial role played by tmteiaction
caused by the aforementioned effects in the moalulat
principle of operation, he worked out two insightfepports in
which well ascertained scientific principles wengpked in
various ways to study the interactions betweencaptivave,
acoustic wave, and microwave, namely: “Coupled Mode
Theory for Acousto-optic Interactions”, ITA Physics
Department, (in Portuguese), June, 1977, and “Gaublode
Theory Applied to Optical Waveguides”, ITA Election
Engineering Division, (in Portuguese), May, 1980.

Owing to the rather limited space available this
publication, let us apply his carefully built appoh to
anticipate some features of optical modulators dbase the
performance of a rather particular architecture, g called
Mach-Zehnder modulator (MZM), shown in Fig. 4.
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Figure 4. Integrated optical Mach-Zehnder amplitude modulator

The principle of operation of a standard Mach-Zedind
modulator and its non-linear transfer characteristirve with
a raised cosine like shape are well understoodTAtsuch
issues were studied by Claudio Kitano and José rato
Justino Ribeiro, early on in the 1990s.

Research on acoustooptics devices also was bemsgqil

and mathematicsat ITA, mainly aiming optical modulators based dme t

interaction between surface acoustic wave (SAW)@rided
optic wave in LiNbQ substrates. In such type of modulator
the acoustic wave is generated by an interdigiatstducer
(IDT), as illustrated in Fig. 5.
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Figure 5. Surface Acoustic Wave (SAW) generation by Inteitdlg
Transducer (IDT).
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At this stage of the paper, the author would liggobint
out that Prof. Gabriel Freire's also introduced ahdught
advanced graduate courses related to the deviassated in
Fig. 4 and Fig. 5, namely: FIS-292: “ IntroductitmOptical
Waveguide Theory”, 1976; FIS-280: “Optical Waveguid
Theory”, 1976; ELE-221:“Electrooptic Fundamental$979,
and EC-323: “Topics in Integrated Optics”, 1980.

Quite a few students were attracted by Prof. Ghbrie
Freire’s research area and enrolled at ITA as hislupte
students. Let as nominate those who worked onopist:
José Antonio Justino Ribeiro, Avelino Marcante, Rob
Antonio Stempniak, Walter Winkel, Charles Arthurn8zs
Oliveira, André Cortes, and José Edimar BarbosaeDAi.

The research on bulk electrooptic modulator based o
LiINbO; was undertaken by Justino, from Instituto Nacional
de Telecomunicagbes (INATEL), while he was working
towards a master degree. His thesis
Resonator in Microwaves and its Application in Eleoptic
Modulation”, (in Portuguese) was concluded in 19Bater
on he obtained a Doctorate, at ITA, working on gnéted
modulators.

The measurement of optical attenuation in waveguide
was carried André Cértes, who as a master studamiabed
the thesis “Optical Attenuation in Slab Waveguidé&hw
Highly Conductive Substrate”, (in Portuguese) i83.9

The experimental results just mentioned enabledtlzer
challenging achievement on the subject of inteoacti
between SAW and optical guided modes in LiNEab
waveguide. The experiment was carried out by Awelin
Marcante, a very skilful Doctorate student. The idev
implemented by Avelino comprised a SAW transdutike,
the one already shown in Fig. 5, and a planar altic
waveguide obtained by in-diffusion of titanium. Thptical
source was a Helium-Neon (He-Ne) laser, which wagpled
to the waveguide through a prism made of rutiledg)i The
prism was kindly donated by Dr. Zoraide Arguelanfr the
physics department of Unicamp. The device perfomaamas

“The Dielectric fully reported in Avelinos’s thesis “Diffraction dfight via

Acoustooptic Effect in Anisotropic and Non-Homogeus
Slab Waveguides”, (in Portuguese) in 1984.

It is worthwhile to point out that in the early X%/ when
CTA was planning the creation of an Institute fatvanced

The subject of SAW was undertaken by José EdimarStudies (IEAv), Prof. Gabriel Freire was very erstiastic and

while he was a master student. He presented thestti&tudy
of the Generation of Rayleigh in Piezoelectric Caiss using
Interdigital Transducers”, (in Portuguese) in 1979The
assistance of Prof. José Kléber da Cunha Pinton fro
LME/EPUSP, enabled the experiments.

Meanwhile, research on optical waveguide was well
underway. For example, in 1982, Charles Arthur detegl
his master program presenting the thesis “Propagdfiodes
in Slab Optical Waveguides”; He went on and conetuc
Doctorated in 1986 with the thesis “Design and kealbion of
an Integrated Optical Device Comprising a Thin Film
Waveguide and a Periodic Structure” (in Portuguese)

Insightful results on prism coupling of guided meda
slab type optical waveguide couplers also were rtedoin
Stempniak’s Doctorate thesis “Characterizatiori-loforetos
Thin Film Using Optical Methods” (in Portuguesi),1984.
His result on m-line spectroscopy for guided modéso
appeared as front cover of ITA Engenharia - voha 1, pp.
57 - 65, March, 1984. Fig. 6 pictures a typicalinelresult.

D

Figure 6. Prism Coupling of Optical Guided Modes.

Further results related to the propagation chariatites of
slab type optical waveguides were obtained by Walfmkel

contributed by addressing photonics potentialityairspace
application, For instance, on April 19 he gave a talk on
“Integrated Optics and New Wavelike Phenomena iticap
Waveguides”. As a matter of fact, IEAv was inaugedain

1982 having photonics is one of its primary goals.

Between 1982 and 1986, the author of this paperatas
McGill University, in Montreal-Canada, working tovds a
PhD degree, under Prof. Eric Adler. Nevertheless,was
very much aware of the progress being made at Hi&.
research on acoustooptic devices at McGill was &isber
successful and he realized that the training at tthee
provided by Prof. Gabriel Freire, at ITA, was futlye equal
of that in top ranked American Universities.

The state of the art of photonics technolegidvanced so
rapidly that by the middle 1980s worldwide reseasckwvere
following new trends enabled by the interactionwssn
microwave and optical signals, and aiming apfilbice in
radar, satellite = communications, sensor networks,
instrumentation, broadband wireless access netwaks
warfare systems. Such subject was overall denosdnat
microwave photonics.

An examination of Prof. Gabriel Freire’s alements
allows one to conclude that most of them were glthy
related to the previously mentioned trends on mience
photonics. Indeed, at the span of time under cenatibn,
quite a few of his eighteen former graduate stuslemtre
undertaking researcher on such subject, eithdrfatind any
other CTA'’s institute or at some institutions seettl across
Brazil. Such was the reality observed by the authfothis
paper when he returned to ITA, after completing RD

who completed the Doctorate degree with the thesissiydies at McGill, in early 1986. He was then ripehrolled

“Propagation  Constants of Non-Homogeneous
Anisotropic Thin Film Optical Waveguides, (in Paytiese)
in 1984,

2009 SBMO/IEEE MTT-S International Microwave & Optoelectronics Conference (IMOC 2009)

and on ongoing microwave photonics researcher, ana idang

he had the opportunity to share duties with Prodbiil
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Freire, always the ideal teacher, who by exampbeided an
unequaled opportunity for his former student toctica and
acquire some of the methods and the ideals whigh hede
his former adviser a great researcher. Indicatiohsthe
effectiveness of such learning can be found orrdieng of
the number of graduate students on microwave phagton
including those who enrolled in PhD studies abraedyvell
as in the creation of a laboratory dedicated toromiave
photonics, in 2001 [10].

So far, this publication has provided a rathead view
of Prof. Gabriel Freire’s career at ITA. Howevemity be
useful to attempt to sum up briefly some of whavnf the
author perspective, constitutes his legacy to copteary
researcher on microwave photonics at ITA.

In first place, stands up his teaching mdthogy
ascertained in scientific principles which was &plin
various ways for mentoring young researchers orsthgect
of interactions between microwave and optical digjriae. the

filters with center frequency about 2 GHz were relge
reported by Vilson Rosa de Almeida (IEAv), Olympio
Coutinho (ITA), Braulio Sakamoto (CIGE), William
Fegadolli (ITA), and Carla Martins (IPgM) [12], [IL3

IV CONCLUDING REMARKS

This paper highlights some of what, from the author
perspective, were notable contributions of Profb@ Freire
to the advancement of microwave photonics at IThe T
paper also intersperses his academic achievemédhts fiew
personal reminiscences provided by his former sttedand
attempts to review his legacy to contemporary netean
microwave photonics at ITA. He will remain in thednts and
minds of those many persons who were influencechily
teaching and his kind thoughts.
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