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Foreword

Innovation is absolutely core to what Philips is — it is

part of our strategy, it is how we improve people’s lives,
how we make the world healthier and more sustainable.
Innovation is how we create superior value for our
customers and for our shareholders. We put people at the
center of everything we do, responding to their aspirations,
needs and desires.

Philips Research is a front-end of innovation organization
that is a preferred co-creation partner for the Philips
businesses and selected strategic relations. We work in
multidisciplinary teams, and we are at the leading edge
of core technologies that extend throughout the entire
product portfolio of Philips, which allows the company to
generate new businesses and real competitive advantage
in the marketplace. We also have an extensive set of
partnerships, because we don’'t have all necessary know-
how in house.

Our approach has led to more than a century of
breakthrough innovations. To be able to protect our ideas,
we have been working closely together with Philips
Intellectual Property & Standards (IP&S) to create
intellectual property (IP). Over many years, IP&S has

created a large IP portfolio with world-class IP solutions

to support the growth, competitiveness, and profitability
of the Philips businesses.

Moreover, since our foundation by Gilles Holst in 1914,
publishing papers about new developments in Research
has been a means to position ourselves as an important
player in the world of science and technology, and
strengthen our reputation in innovation. By doing so,

we are able to provide scientific underpinning for our
commercial offerings, and at the same time attract talent
and potential partners for innovation co-creation.

With this publication, we would like to give some insights
in the most important and impactful patents and publications
that have been created by Philips Research over the past
100 years. For each decade, we show the ten most-cited
publications, as well as a few examples of patents that
have contributed to value generation for Philips in the
100-years’ existence of Philips Research. My special
thanks go to Frank Toolenaar from Philips Research and
Maaike van Velzen from Philips Intellectual Property &
Standards who compiled and edited the material brought
together in this booklet.

This collection presents a fascinating insight in our rich

history — | hope you will enjoy reading it.

Henk van Houten

General Manager Philips Research

January 2014




100 years of patents
and publications from
Philips Research

As a corporate Research organization, Philips Research
has always been flexible in adapting to the demands of
the time and to the strategy of Philips as can be seen in
the several overviews that have been published on previ-
ous occasions "***% In 1994, Marc de Vries® distinguished
three distinct phases in the way Philips Research handled
challenges in the then 80 years of its existence. We want
to summarize his assessments and expand to 2013 with a

fourth phase, with special attention to publications.

Phase 1: Start and diversification
(1914 - 1945)

In the early 20st century, technological developments
became more and more dependent on scientific know-
ledge®, especially in the fields of chemical technology and
electricity, which led to the foundation of corporate
scientific laboratories at companies such as General
Electric (1900), Dupont (1902), Siemens (1905), AT&T
(1910), Marconi (1912), and Philips (1914). Such laboratories
typically were responsible for three types of tasks: (1) quality
control for existing production processes, (2) knowledge
acquisition for innovation and improvement of products or
processes, based on existing science, and (3) acquisition

of new knowledge that may result in new products.

Gerard Philips viewed research as a means of reducing
costs in the production of incandescent lamps. On the
other hand, Gilles Holst, the founder of the Research
organization, aimed at understanding as well as
controlling materials and processes. The main tasks

at the Natuurkundig Laboratorium in its early years were

twofold: understanding the physics of the half-watt lamp,
and experimenting with new light sources. Until 1923 there
were really only two scientists (Holst and Oosterhuis), but
that number grew fast when the lab began contributing to
the diversification of Philips from light bulbs to other types

of vacuum tubes.

Gas discharge lamps were the first products beyond
incandescent light bulbs, followed closely by X-ray tubes
such as the Metalix, a compact X-ray tube developed by
Bouwers. This research can be considered as the basis
of the later Medical Devices / Healthcare division. The
development of radio tubes both for receiving and trans-
mission purposes led to the fabrication of radios, which
formed the basis of Consumer Electronics and various

Professional Electronics divisions.

Research into magnetic ceramic ferrite materials started
inin the 1920s, as an essential material in loudspeakers
for radios. This led to applications in dynamos and in the
first rotary shaver. Two basic material inventions were
developed around WWII, (ferro-magnetic) Ferroxdure and
(soft-magnetic) Ferroxcube, which after 1950 was to be
applied widely in coil cores for various products. Other
companies became very interested in using these mate-
rials and Philips was thus able to obtain Bell's transistor

knowledge via a patent cross license.

Holst wanted to have researchers with excellent scientific
reputations. To achieve this, he created a culture in which
researchers felt free to do high-level scientific and techno-

logical research — with management ensuring appropriate

alignment with business priorities. He organized colloguia
in which famous physicists (such as Ehrenfest, Einstein,
and Pauli) shared their latest insights with the scientists
of the lab. Holst also stimulated publications in academic
journals as an independent and open forum for judging
the lab’s scientific output. Holst also hoped that a strong
reputation as a serious scientific research institute would

attract good scientific university graduates.

At the same time, Holst also stimulated that the outcomes
of research were profitable for the company. Scientists were
expected to submit ideas for patents (white cards), which
were judged by Holst himself before submission to the
Patent department. In 1936, Holst also created a special
journal, the Philips Technisch Tijdschrift (with translations

in English, French and German), to answer the increasing
number of enquiries for data and particulars of Philips pro-

ducts and also to make contacts with the engineering world.

Phase 2: Autonomous research
(1945 - 1970)

After the Second World War, Philips created separate
product divisions with their own development laboratories,
next to the corporate Research organization. Under Hendrik
Casimir, one of the most visible successors of Holst, a trend
developed to incorporate some of the forefronts of science
into the research program of Philips Research, instead of

just relying on contacts with academic institutions.

Casimir saw science and technology develop in a spiral in

which technology uses scientific results, but with a time

lag, while science uses technology without such a time
lag. He advocated that a research environment should
exist within an industry to foster both science and techno-
logy. Researchers in such an environment should be given
considerable freedom and be encouraged to communica-
te and share their findings in journals and at professional
meetings. Fundamental research became a particular task
as a cradle for creating future options for the company.
Conversion into devices and systems was seen as the
responsibility of the development labs at the Product
Divisions (PDs). In such an environment, publishing was

seen as important output and source of pride.

However, also during this period the Natuurkundig Labora-
torium did make some very important contributions which
created very profitable products for Philips. One example
is the Plumbicon, a pickup tube for television cameras,
which was an innovation that every company in the
television broadcasting business had to use to remain
compatible. Another success was LOCOS (LOCal Oxidation
of Silicon), a silicon process technology to create local
silicon-dioxide areas on silicon to insulate the individual
MOS transistors from each other. In the IC world of the
1980s, no company could ignore LOCOS. Both innovations
generated significant value for Philips through use in

products and licensing.

Phase 3: Connecting to the Product
Divisions (1970 - 1990)
Around 1970 the post-war economic boom ended and

the world began to face successive crises. This affected



companies by recurrent stagnation periods that forced
them to reorganize to maintain efficiency, which for Philips
coincided with strongly increasing competition from Japan.
From the early 70s the notion grew that insights from

the marketplace might be more important for industrial
breakthroughs than basic research. Casimir’s successor
Pannenborg stated already in 19727 that attention should
shift from technology push to market pull — Research
should be oriented towards converting scientific deve-
lopments into Philips products rather than in exploring
new scientific fields. This resulted into a rapid termination
of whole areas of research (Stirling motor, biology, futuro-
logy, solar cells, pollution) — and an increased focus

on programs that were aligned with the business units’
scope and strategies. The development of digital optical
storage on disc during this period can be considered as
one of the major breakthroughs in the consumer electro-
nics area. On the basis of its broad research capabilities
Philips - together with Sony - launched the compact disc
in 1979. Due to the close co-operation with a partner

like Sony and with the music industry, this success was

extended to other formats.

The research on magnetic tape recording led to the highly
successful Compact Cassette. The invention of the V2000
video-recording system lost against the competing VHS
format, and a profitable business was created in the latter
format. The core competency in mechanics and optics
also led to the creation of a wafer stepper, laying the
basis for ASML. Other leading work on electron micro-
scopy (SEM, TEM) eventually led to the ground-breaking
business position of FEI.

As Philips over time became a more focused business,
global competitiveness increased, and because of the
urgent need to cut costs and increase efficiency and
effectiveness, it was realized that a next step was needed
to ensure strong mutual commitment between Research

and the Product Divisions.

Consequently in 1989 the Research budget was split into
corporate (long-term) and contract-funded (with financing

provided by the Product Divisions).

Phase 4: Becoming a front-end
innovation organization (1990 - 2013)
In the mid-1990s Philips decided to concentrate on
high-volume electronics, including semiconductors,
displays, audio and TV, mobile phones, and data storage.
However, towards 2000 it became clear that the company’s
position in many of these fields was not tenable, due to
rapid price erosion, and the emerging fierce competition
from Korean and Chinese industry. As a result, components
and semiconductor divisions as well as the display, audio
and television activities were divested. From that point
onwards, there was increasing focus on healthcare, lighting
and consumer products in the area of health and well-
being — catering to unmet needs related to significant
macro-economic and societal trends. In the Healthcare
sector, a position was built in home healthcare next to the
hospital franchise. In Lighting, focus was on the disruptive
replacement of lamps by LEDs, and on the digitization of
the industry, with LED lamps becoming part of the Internet
of Things. In Consumer Lifestyle the focus shifted to do-

mestic appliances, personal care, and well-being products.

For Research, this meant a massive reorientation on new
fields of expertise — re-using as much as possible world-
class competencies like signal and image processing,
optics, and miniaturization. But new competencies
needed to be added, from psychology to bio-molecular
engineering and clinical sciences, data analytics, and

service engineering.

In terms of ways of working, it was realized that it was
not enough to have close contacts with the technical
community in Philips’ business sectors. The whole process
from idea generation to production should be a close
cooperation between R&D, strategy, business manage-
ment, and marketing. Research needed to become a
‘co-creation partner’ of the businesses, with a focus on
the front end of innovation, but extending into product
development for the more disruptive types of innovation.
This required a change in culture and competency profiles

in the Research organization.

Open Innovation received much more attention as well.

However, although this might seem paradoxical, it was

realized that this does not necessarily mean becoming
more open — a clear strategy was needed on what type
of widely available knowledge should be sourced from
outside, what could be shared in joint research, and what
should be kept fully controlled. Confidentiality therefore
became much more explicit, which led to a decrease in

focus on external publications.

Publishing

The policy on publishing has long been characterized

by the 4t rule of Holst (as recorded by Casimir in 19697):
Let them publish and take part in scientific activities. In
the regulations of Research it was stated explicitly that it
was in the first place the responsibility of the researcher
what, where, and how to publish. Over the years, authors
were encouraged to submit manuscripts for external

publication, after approval via an internal review round.

In this internal approval process, two (‘peer’) colleagues
and the patent department evaluate the quality of and the
absence or presence of patentable material in the manus-
cript. With this input the department head then makes the
final decision about submission to a journal or conference.
Recently, the policy has been reformulated from a more

focused strategic perspective:

Publishing is a means to position ourselves as an important
player in the world of science and technology, strengthen
our reputation in innovation, attract talent, provide scienti-
fic underpinning for our commercial offerings, and support

external cooperation and the innovative image of Philips.

Publishing is still seen as a quality benchmark when
papers from Philips Research are accepted by top-rate

journals and conferences, but:

External publishing is not a right of the employee, but it
should be supporting the overall objectives of Philips

Research in co-creating meaningful innovation.

In the end, industrial researchers simply must focus on
helping bring new products onto the market, leading to

profitable growth of the company.

Statistics on publications from

Philips Research

Since the first paper by Lely and Hamburger in 19148 pu-
blications have been meticulously recorded and collected
in printed Registers, which contain the data of the publi-
cations, clustered on author’'s names and on subject. See

Table 1 for the publication volume over the first 54 years.

Register Years Publications
1914-1935 1-1000
1935-1951 1001-2000; R1-R171

1951-1961 2001-3000; R175-R425

1961-1968 3001-4000; R426-R655

Table 1 Registers with data of publications from Philips Research
Eindhoven between 1914 and 1968. The R-numbers refer to
publications in Philips journals.

After 1968, the publications of the ‘sister laboratories’ in
other countries were included, each with their own report
types and numbering system. Between 1973 and 2012
around 18,000 publications are found — see Fig 1 for the

numbers per year'®.
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Figure 1 Publication totals from Philips Research®, data from
Web of Science

If we compare the outputs of different corporate organiza-
tions (see Figure 2) — Philips is not that different from
others — most show a gradual increase with a decline in
recent years. The exception is Samsung that seems to be

investing heavily in publishing.

It is difficult to determine the impact that publications

from Philips (Research) have had on the business of

o



Philips. Unlike patents that impact is rarely if ever direct —
although this may change in the future as publications
underpinning professional (medical) claims will become
more important. Of course, enhancing the image of Philips
in the scientific community, and using that also as a

means to attract top talent, is priceless.

We would like to give some insights in the most important
and impactful publications in the 100-years existence of
Philips Research. We have chosen citation data as objective
criterion, but we are well aware that the citation behavior
has rapidly changed over time. Therefore we have chosen
to search for the top 10 most-cited publications per deca-
de. From two of these papers we show the abstract or

opening part and one or two characteristic figures.

This collection presents a fascinating insight in our rich

history.
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Figure 2 Publication output of several corporate organizations

Research and IP

Over many years, Philips Intellectual Property & Standards
(IP&S) has worked closely with Research to create
intellectual property (IP). IP&S has created a large IP

portfolio with world-class IP solutions to support the

10

growth, competitiveness, and profitability of the Philips

businesses.

Philips’ IP portfolio currently comprises approximately
59,000 patent rights of which a significant part derives
from activities in Research. In 2012, Philips registered
approximately 1,500 patents, the majority of which relate
to the growth sectors of healthcare and well-being.
Through IP, the Philips businesses are enabled to grow,
enter new markets, and increase competitive strength

and profitability.

The IP portfolio has increased profitability of the Philips
businesses in many of its activities ranging from television
to healthcare. In addition to value created in the Philips
businesses, the IP portfolio has been used to generate
licensing income. In the early years of the 21st century,
Philips started large licensing programs, e.g., on the audio
cassette, LOCOS technology for semi-conductor industry,
and optical recording/DVD and Blu-ray. These programs
have made a significant contribution to Philips’ profit

over the years.

This collection gives examples of patents that are part of
the portfolio that generated value for Philips. The patents
in this collection originate from Philips Research. The full
|P portfolio is composed of inventions generated in
Research, the Philips businesses, and obtained by

acquisition of IP or entire companies.

The list includes IP that covers products sold by the Philips
businesses and IP that is part of larger licensing programs.
Although a fully quantitative value determination for IP is
difficult, we defined several components that contribute

to value generation through IP. These components include
direct revenue from licensing agreements and the con-
tribution made by IP to the profit generated by the other

Philips businesses.

Real value generation with IP usually starts several years

after the filing of the patent applications and their publication
18 months later. Therefore, we also included a few patents
of the most recent decade to show their potential for value

generation.

The publications in this book are derived from the "Web of
Science core collection" by Thomson Reuters and this book
only includes a selection of peer-reviewed articles from
12,000 most renowned scientific journals and 150,000

conference proceedings. A publication was considered for

inclusion if at least one of the authors has a Philips affiliation.

Other publications created by Philips Research (such as

scientific books and publications in newspapers, etc.) were

left out of the selection criteria. Nevertheless, it is important

to stress that these publications were also crucial to the
reputation of Philips Research as a thought leader. Here, we
would like to give special mention to “Simulated Annealing
and Boltzmmann Machines”, by E. Aarts and J. Korst (4,400
citations according to Google Scholar) and “The new every-
day” by E. Aarts and S. Marzano (353 citations according to
Google Scholar).

Veertig jaren research; natuurkundig laboratorium der N.V.
Philips’ gloeilampenfabrieken, Philips Eindhoven 1955

K. Boersma — Inventing structures for industrial research:
a history of the Philips Nat.lab. 1914-1946, Aksant 2002

* H.B.G. Casimir — An anthology of Philips research; (1891-1966),
Philips 1966

Unsere Forschung in Deutschland I-1V, Philips Aachen 1964,
1972,1980, 1988

Marc J. de Vries — 80 Years of research at the Philips
Natuurkundig Laboratorium 1914-1994

A. Sarlemijn and P. Kroes — Between science and technology,
North Holland, 1990

” H.B.G. Casimir — Phlips Res. Repts 24, 161-167 (1969)

8 D. Lely, L. Hamburger — Z. Anorg. Allgemeine Chemie 87,

209-228 (1914)

° Searching for addresses containing “philips res*” or “philips
forschung*” or “philips nat*” or limeil-brévannes or briarcliff.

0 As the publication data have never been converted into a
practical database, it is unfortunately not possible to give
yearly figures on output volumes before 1973. From Web of
Science this is possible after 1973 when they began to add
address data to their records. For the first 60 years between
1914 and 1973 we had to identify the most important authors
from the Registers and then check these names for citations.

n




Historical timeline
1914 — 2013

ﬁﬁ

G Holst L Hamburger GL Hertz E Oosterhuis

v 1914 — 1923 1964 — 1973

G Blasse A Slob

1924 - 1933

K Posthumus A Bouwers B van der Pol FM Penning LF Feiner

1934 — 1943

1984 — 1993

JL Snoek A Horowitz HC Hamaker HJ Lemmens

1994 —
2003

1944 — 1953

Nobe
1

!

JN Huiberts C Liedenbaum R Florent

»

AJW Overbeek BDH Tellegen

1954 — 1963 2004 - 2013

12 K Compaan G Bouwhuis JA Haringx EF de Haan J Westerink MWJ Prins BHW Hendriks 13



1914 — 1923

Patents

Patents and IP have always been important in
Philips. The first Philips Research patent dates
back from June 11 1914, when Gilles Holst filed

a patent on a new incadescent projection lamp.

It was granted in 1918.

In 1921, Philips started its own |IP department.
INn the next chapters you’ll see examples of
valuable patents and publications per decade.

G Holst
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NAAMLOOZE VENNOOTSCHAP PHILIPS' METAAL-GLOEILAMPENFABRIEK
en GILLES HOLST, beiden te Eindhoven.

Verbetering aan electrische gloeilampen voor projectie-doeleinden.

Deze uitvinding heeft betrekking opeen | gen, wordt volgens de unitvinding aan bet 30
verbetering van de electrische gloeilamp | gloeilichaam zoodanige vorm en plaats
voor projectie- en andere doeleinden, waar in den ballon gegeven, dat het door den

het er ovm te doen is, in een bepaalde spiegel gevormd optische beeld van het

& richting groote lichtintensiteiten te ver- gloeilichaam, in het vlak van bet gloei-
krijgen. Te dien einde wordt het gloei- lichaam zelt valt en wel zoodanig, dat 35
lichaam zoo in den ballon geplaatst, dat deze afbeelding de, door het gloeilichaam
een spiegel (die eventueel op den ballon zelf vrij gelaten roimten zoo goed moge-

zelf kan worden aangebracht) een optische lijkk aanvult, Hierdoor wordt een belang-
10 atbeelding van bet gloeilichaam ontwerpt, rijke wrhun?ing van de gemiddelde op-

die zoo goed mogelijk in het vliak van pervlakte helderheid verkregen. 40
het gloeilichaam zelve valt. Teneinde het Aan de hand van de bijbehoorende
gloeilichaam op korten afstand van het teekening is de uvitvinding vader toege-
condensorsysteem te kunnen plaatsen, liebt.

15 wordt een kleine, eventoeel kunstmatig Fig. 1 geeft een voorstelling van het
gekoelde ballon toegepast beeld, dat een dergelijk gloeilichaam op 45

Het is wenscheljk, dat bij een licht- het ooz maakt, terwijl

gevend systeem, dat voor projectie- en der- fig. 2 een doorsnede is door cen gloei-
gelijke doeleinden dienen moet, de ge- lamp volgens de witvinding met bijbe-

20 middelde vlaktehelderheid van den straler hoorenid lenzenstelsel.
z0o hoog mogelijk gemaakt wordt. Bij ge- In fig. 1 is het gloeilichaam zelf door s0
wone electrische gloeilampen wordt aan de gelroklken lijn voorgesteld, terwijl de
deze gemiddelde oppervlakie-helderheid gestippelde lijn hetoptische beeld van het
een bovenste grens gesteld door de eigen- zloeilichaam voorstelt. )

25 aardige constructieve moeilijkheden, die Het verdient aanbeveling, Dbet gloei-
niet veroorlooven, de gloeidraden op een lichaam klein te kiezen en ongeveer in 355

willekeurigz kleinen afstand van elkaar te het middelpunt van den spiegel te plaatsen,
plaatsen. Teneinde nu toch een grootere | tencinde een zoo zuiver mogelijkc optisch
gemiddelde vlakte-belderheid te verkrij- beeld van het gloeilichaam in het vlak

E pl van dit Octrooischrift zljn tegen

betaling van 60 cents per stuk verkrijgbaar bl
het Bureau voor den Industrieelen Eigendam.

IleT DIEEE Wt een serie proeinemingen, I5]) daaromtrent uwitgevoerde metin,

dat als metaalspiegel met succes de ver- | bleek bij eenzelfde potentiaal verschilde 40
zilverde wand van een zorgvuldig uitge- lichtstroom der lamp binnen een openings-

10 zochten glasballon genomen kon worden. hoek van 90° door het aanbrengen der
Het is daarbij wenschelijk den ballon ge- hovenbeschreven constructie met 160 °f,

heel met een metaalspiegel te bedekken te zijn toegenomen, terwijl het wattver-
en slechts dat gedeelte vri) te laten, waar- bruik 5 °f, minder werd. Bij een zelfde 45
door de stralenbundel naar buiten moet temperatuur van het gloeilichaam was

15 treden. Hierdoor wordt o.a. bereikt, dat de vermeerdering der lichisterkte ruim
een groot gedeelte der warmtestralen na 120 .
de reflectie den straler weder treffen,

waardoor het nuttig effect van de lamp Coneclusie. 50
als bijkomstig voordeel vergroot wordt.

20 Teneinde een kleinen afstand tusschen Verbetering aan electrische gloeilam-
gleeilichaam en condensor te verkrijgen, pen voor projectie- en andere doeleinden,

wordt het gloeilichaam in een kleinen | daarin bestaande, dat een spiegel, even-
ballon geplaatst, waarbij, om een over- taeel op den ballonwand van de lamp 55
matige verhitting van den ballon en den aangebracht is, die een optisch beeld van

25 eventueel daarop aangebrachten metaal- het kleine, ongeveer in het middelpunt
spiegel te verhinderen, een kunstmatige van den spiegel geplaatste gloeilichaam
koeling aangebracht kan worden. Kiest ontwerpt in het vlak van het gloeilichaam
men  hiervoor bijvoorbeeld cirenleerend zelf, en wel zoodanig, dat het optische
water of een andere middenstof, die een beeld zoo goed mogelijk de door het

30 grooten absorptiecoéfficient voor warmte- gloeilichaam vrijgelaten ruimte aanvalt,
stralen Dezit, dan wordt bovendien het De lamp kan daarbij eventueel gekoeld
voordeel verkregen dat de, op het conden- | worden.

[-.]

Hierbij 1 blad teekeningen.

Octrooi No. 2660.
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1914 — 1923

Publications

© Uber die Anregungs- und lonisierungsspannungen
von Neon und Argon und ihren Zusammenhang
mit en Spektren dieser Gase
GL Hertz
ZEITSCHRIFT FUR PHYSIK 18, 307-316 (1923)
Times Cited: 48

© Over de electrische geleiding in gassen
G Holst; E Oosterhuis
PHYSICA 1, 78-87 (1921)
Times Cited: 47

© Uber Trennung von Gasgemischen durch Diffusion
in einem strémenden Gase
GL Hertz
ZEITSCHRIFT FUR PHYSIK 19, 35-42 (1923)
Times Cited: 47

O The sparking potential of gasses
G Holst; E Oosterhuis
PHILOSOPHICAL MAGAZINE 46, 1117-1122 (1923)
Times Cited: 38

GL Hertz

16

© Ein neues Verfahren zur Trenning von Gasgemischen

durch Diffusion

GL Hertz

PHYSIKALISCHE ZEITSCHRIFT 23, 433-434 (1922)
Times Cited: 37

Experimentelle Untersuchungen liber die Warmeleit
fahigkeit der Gase. |

S Weber

ANNALEN DER PHYSIK 54, 325-356 (1917)

Times Cited: 34

Experimentelle Untersuchungen liber die
Warmeleitfahigkeit der Gase. Il

S Weber

ANNALEN DER PHYSIK 54, 437-462 (1917)
Times Cited: 32

Untersuchungen liber das Gleichgewicht von
Fliissigkeit und Dampf des Systems Argon-Stickstoff
G Holst; L Hamburger

ZEITSCHRIFT FUR PHYSIKALISCHE CHEMIE 91,
513-547 (1916)

Times Cited: 31

Unikristallijn wolfraam
AE van Arkel

PHYSICA 3, 76-87 (1923)
Times Cited: 26

Herstellung der Elemente Thorium, Uran,
Zirkon und Titan

D Lely; L Hamburger

ZEITSCHRIFT FUR ANORGANISCHE UND

ALLGEMEINE CHEMIE 87, 209-228 (1914)
Times Cited: 22

Uber die Anregungs- und Ionisierungsspannungen von
Neon und Argon und ihren Zusammenhang mit den
Spektren dieser Gase.

Von @. Hertz in Eindhoven (Holland).

Mit acht Abbildungen. (Eingegangen am 12. August 1923.)

Von den Edelgasen ist bisher das Helium das einzige, bei welchem
die dem Atom durch Elekt G zmzufithrenden Energi
verlissig bek und in Beziehung zum Serienspek gesetzt
sind. Fiir Neon und Argon liegt swar auch eine ziemlich grobe Zahl
von Messungen vor, welche aber zum Teil nur ungensu sind und
deren Resnltate sich insbesondere beim Neon in wesentlichen Punkten
widersprechen !). Der Grund fiir die bei derartigen Messungen in
diesen Gasen auftretenden Schwierigkeiten liegt zum Teil in der grofen
Empfindlichkeit dieser Gase gegen Spuren von Verunreinigungen. Vor
allem scheint mir aber die hier im Vergleich zu anderen Gasen sehr viel
kleinere Ausbeute der unelastischen Stife unterbalb der Iounisierungs-
spannong eine Rolle zn spielen, welche bewirkt, dab die bei anderen
Gasen, insbesondere bei Metalldimpfen sehr brauchbaren Methoden
hier versagen. Um zu einwandfreien Hesultaten zo kommen schien
es mir daher nitig, die Methode zur Unt hung der q haf
Energieiibertragung zwischen Elek und At zu verschiirfen
und dareh ein einwandfreies, anch bei lastiseh
Ansbente anwendbares Verfahren zur U,
und Ionisation als Folge der Z zU er

Die bisherigen Methoden bestehen darin, dal die von einer be-
stimmten Geschwindigkeit der stobenden Elektronen an aunftretende
Strahlung oder Ionisation, oder aber die Erscheinung, dab die Elektronen
bei ZusammenstiBen Energie verlieren, als Merkmal fiir das Auftreten
unelastischer Stile benntzt wird. Man erbiilt hier stets Kurven, in
denen sich die verschied fen als Knicke bemerkbar
machen, deren genaue Auswertung besonders bei den hiheren Energie-
stufen oft sehr schwierig ist. Es schien mir daher erwiinscht, als
Kriterinm fiir die quantenbafte Energiefibertragung ein Merkmal zu
benutzen, welehes unmittelbar nach dem Uberschreiten der kritischen

Stoben von geri
i iel
g von L

haid .

ui

Energi

1) F. Horton u. A. C. Davies, Proe. Roy. Soe, London (A) 97, 1, 1920 und
95, 124,1820. G. Btead u. P.B.Gosling, Phil. Mag. 40, 415,1920. H.C. Rentschler,
Phys. Rev. 14, 508, 1919, G, Déjardin, C. K. 172, 1347, 1921, C. Found, Phys.
Rev. 16, 41, 1821,
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dieser Gase

D. Lely jr. w. L. Hunburger, Herstellung der Elsmente Thorium usw. 209

Herstellung der Elemente Thorium, Uran, Zirkon und Titan.
Von
D. Leny jr. und L. HaMBuroER.
Mit 5 Figuren im Text.

A. Allgemeine Gesichispunkte.

Die Herstellung der obeng Metalle wird durch ibren
hohen Schmelzpuokt und ibre groBe Affinitit zu vielen anderen
Elementen erschwert.

L Im allgemeinen kann man wohl sagen, daB es sich bei der
Bereitung dieser Metalle empfiehlt, nur solche Stoffe zu verwenden,
von denen kein ungiinstiger EinfluB auf das herzustellende Metall
zu erwarten ist! Als Regel ist dies aber gerade bei denjenigen
Elementen, die so schwierig rein herzustellen sind, eine fast nicht
zu erfilllende Bedingung. Dazn kommt noch die Einwirkung der
Verunreinigungen, welche die A inlien beglei

II. Es ist auch plehl t, die A toffe so zu
withlen, daB aus dem Reaktionsprodukt die nicht metallischen Teile
bequem herausgewaschen werden kdnnen. Stoffe, die sich in Al-
kohol, Wasser oder verdinnten Agenzien leicht aufldsen, diirften zm
diesem Zwecke brauchbar sein. Wir haben denn auch das Prinzip
der alten Methode, die Metalle ans ihren Chloriden mit Hilfe von
Natrium zu bereiten, angewendet.

Schon im Jahre 1882 ist von Ser * zur Herstellung
eines so schwierig zu gewinnenden Metalles wie Vanadin, diese
Methode mit ziemlich gutem Resultat befolgt worden.

III. Ein drittes Erfordernis fir eine rationelle Herstellungs-
weise ist, daB man das Metall in einer Form erhiilt, in der es seine
auberordentliche Angreifbarkeit verloren hat.

Dies wird der Fall sein, wenn man das gesuchte Element in
nicht zu fein verteilter Form bekommt, wenn also das Metall zn
griberen Teilchen zusammengeschmolzen oder gesintert ist.

' 8o ist z. B. mit der Herstellung der Elements ans ihren Oxyden mit
Kok die grofe ierigkeit der V i des ‘hten Produktes
mit dem Reduktionsmittel verbunden.
* Qerems K. Vet Akad. Firlandl, 39, Nr. 10, 18—21.
£ wnorg. Chem. B 87 14

MaBstab 1:5.7.
Fig. 3.

@ The first published paper from Philips Research: D Lely et al. — Herstellung der Elemente Thorium, Uran, Zirkon und Titan
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Patents

© Pentode
G Holst; BDH Tellegen
US Patent 1.945.040 (1926)

A Bouwers K Posthumus

© X-ray tube
A Bouwers

US Patent 1.893.759 (1927)

© Amplifier

K Posthumus

US Patent 1.996.830 (1928)

(4] Strapper Magnetron

K Posthumus

US Patent 2.103.638 (1933)

Putcrted Jan, 30, 1834 1,945,040

UNITED STATES PATENT OFFICE

1,945,040

MEANS FOR AMPLIFYING ELECTRIC
OSCILLATIONS

Gilles Holst and Bernardus Dominicus Hubertus
Tellegen, Eindhoven, Netherlands, assignors to
N. V. Philips’ Gloeilampenfabrieken, Eind-
hoven, Netherlands, a limited-liability company
of the Netherlands

Application November 25, 1927, Secrial No.
235,504, and in the Netherlands December 14,

1926
26 Claims. (CI 250—27)

0 G Holst; BDH Tellegen — Pentode

18

This invention has reference to the amplifica-
tion of electric oscillations by means of thermi-
onic devices. It is known that when these de-
vices are to be used for amplifying purposes it
is desirable that the slope of the grid voltage-
anode cwrrent characteristic should be steep.
With the customary iriodes the steepness of the
static characteristic decreases to an appreciable
extent when oscillations are impressed on the
control grid because these oscillations are trans-
ferred to the anode amplified, but in opposite
phase, so that when the grid potential increases
the anode current will on the one hand inerease
under the influence of the seid inereasing poten-
tial but the eurrent will on the other hand de-
crease under the influence of the falling anode
potential caused by the increased current flow
50 that the resulting increase of the anode cur-
rent is diminished. In order to obviate this dis-
advantage with the final amplifier a so-called
screening grid may be used between the control
grid and the anode, said sereening grid being
meaintained at a constant and fairly hish posi-
tive potential, whereby the possibility remains of
applying an appreciable negative grid bias to the
confrol grid, which is very desirable in connec-
1ion with the comparatively large output energy
of the final amplifier. :

v

A

Figd

]
A
-

Patented Jan. 10, 135 1,893,759

UNITED STATES PATENT OFFICE

AINERT BOUWERS, OF EINDHOVEN, NETHERLANDS ARITONOR TO M. V. PHILIPE
GLOETTANTENT ANRIEEEN. 0F EINDHOVEN, NETHERLANDE, A LIMITED LIARILITY
ONFANY OF THE

I-RAY TUDE
dpplimuas fhed April 38, 1597, Berlal Ne :mmnﬁnmnuw IN, 1paT.

The invention relates to X-ray tubes,

1t is known that during the operation of an
X-ray tube the anticathode becomes burnt
in or is otherwise unfavorably affected when
the load of the focal spot exceeds a definite
value,

Theoretically it can also be proved that
with a determined anticathode material a
given amount of energy must cause per unit
of time 2 determined rise of temperature. A
greater allowable load is obtained by consti-
tuting the anticathode of good heat-conduct-
ing metal having a high melting point.
Fundamentally, however, better resulls are
obtained by mounting the anticathode so 2s
to be movable,

Q A Bouwers — X-ray tube
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© Der Niedervoltbogen
MJ Druyvesteyn
ZEITSCHRIFT FUR PHYSIK 64, 781-798 (1930)
Times Cited: 597

© Uber die Stromung sehr verdunnter Gase durch
Rohren von beliebiger Lange
P Clausing
ANNALEN DER PHYSIK 12, 961-989 (1932)
Times Cited: 407

© On relaxation-oscillations. |
B van der Pol
PHILOSOPHICAL MAGAZINE 2, 978-992 (1926)
Times Cited: 369

B van der Pol
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@ Forced oscillations in a circuit with

non-linear resistance

B van der Pol

PHILOSOPHICAL MAGAZINE 3, 65-80 (1927)
Times Cited: 362

The heartbeat considered as a relaxation-oscillation
and an electrical model of the heart

B van der Pol; J van der Mark

PHILOSOPHICAL MAGAZINE 6, 763-775 (1928)
Times Cited: 318

Uber die Strahlformung bei der Molekularstromung
P Clausing

ZEITSCHRIFT FUR PHYSIK 66, 471-476 (1930)
Times Cited: 190

Frequency demultiplication

B van der Pol; J van der Mark

NATURE 120, 363-364 (1927)

Times Cited: 186

Uber den Zusammenhang zwischen
Deformationsvorgang und Rekristallisationstextur
bei Aluminium

WG Burgers; exper. PC Louwerse
ZEITSCHRIFT FUR PHYSIK 67, 605-678 (1931)
Times Cited: 160

Uber lonisation durch metastabile Atome

FM Penning

NATURWISSCHENSCHAFTEN 15, 818 (1927)
Times Cited: 147

Darstellung von reinem Titanium-, Zirkonium-,
Hafnium- und Thoriummetall

AE van Arkel; JH de Boer

ZEITSCHRIFT FUR ANORGANISCHE UND
ALLGEMEINE CHEMIE 148, 345-350 (1925)
Times Cited: 146

Der Niedervoltbogen.
Von M. J. Druyvesteyn in Eindhoven (Holland).
Mit & Abbildungen. (Eingegangen am 26. Juli 1930.)

Zwei Theorien des Niedervolthogens werden besprochen, und zwar die Theorle
von Holst und Oosterhuis und die von Compton und Eckart. Diess
letztere wurde etwas erweitert und als die wahrscheinlichste Erklirung des
Niedervoltbogens betrachtet. Die Erweiterung besteht in der Annahme einer
Energieiil g von schnellen auf 1 Elel i diese Wechsel-
wirkung zwischen Elektronen wird bei groBer Elektronenkonsentration (griBer
als 100%) hiiufig auftreten miissen. Sodann wurde das Spektrum des Ar-Nieder-
voltbogens besprochen. An Ar- und Ne-Niedervoltbogen wurden Sonden-

, wobel ein P ial i von ungefihr 11,4 Volt
(in bezug auf die Spannung der Kathode) bei Ar und 18,6 Volt bei Ne ge-
funden wurde, prechend der A der 1 s-Niveaus bei
Ar (11,7 Vaolt) und der 2 p-Niveaus bei Ne (18,5Volt). Die hichste Elektronen-
kongentration betrigt ungefihr 2. 100* Elektronen/em®, Die Sondentheorie
von Langmuir und Mott-Smith wird erweitert. Mit der Formel (3) in § 5
kann man sus der dencharakteristik durch imaliges Diff ieren die

Geschwindigheitsverteilung der Elektronen finden.

§1. FEinleitung. Ein Niedervoltbogen ist eine Gasentladung mit
glihender Kathode, wobei die Spannung zwischen Kathode und Anode
kleiner ist als die Anregungsspannung der Gasatome®. Holst und
Oosterhuis®** fanden 1924, daB die Spannung des Niedervoltbogens
konstant sein kann, d.h. ¢s kann ein nichtoszillierender Niedervoltbogen
bestehen. In dieser Arbeit will ich mich anf den nichtoszillierenden Nieder-
voltbogen beschrinken. Nach Holst und Oosterhuis ist der folgende
Vorgang fiir das Bestehen des Niedervoltbogens wesentlich: Ein positives
Ton rekombiniert sich mit
wobei die frei werdende Energie sich auf ein anderes Elektron iibertragt.

1 Elektron, jedoch ohne Strahlungsemission,

Dies Elektron kann nun ein Gasatom ionisieren. In § 2 werde ich die Theorie
von Holst und Oosterhuis in eine Formel bringen. Daraus ergibt sich,
dal die Zahl nichtstrahlender Rekombinationen zu gering ist, um das
Bestehen des Niedervolthogens geniigend zu erkliren,

1925 haben Compton und Eekart*** eine andere Erklirung fir den
Niedervoltbogen gegeben. Sie nehmen an, daB das Potential des Raumes
swischen den Elektroden nicht swischen dem Potentinl der Anode und
dem der Kathode liegt, sondern daB eine so starke positive Raumladung

* Andere Autoren nennen diese Entladung einen sbnormen Niedervoltbogen.

_:' G. Holst und E. Oosterhuis, Physica 4, 42, 1624
* K.T.Compton und C. Eckart, Phys. Rev. 25, 139, 1925

52

o MJ Druyvesteijn - Der Niedervoltbogen

Fig. 2.

Niedervoltbogen in Neon; die zwei horizontalen Anoden sieht man auf der Seite, wie anch
die indirekt geheizte Kathode. Von links nach rechts ist 1, "g = 1,24 A, iy = 0,1 A,
Vy=22Volt. 10, 4, =136 &, 4 =014, v, =13Volt. T, 4, =1484, 1, =054
¥y = 9 Volt. IV, ig= 1,69 ﬁ, i =05 :&, Vy = 9 Volt. iy ist der Strom durch den Gliih-
faden der Kathode, ¢ und V) sind Bogenstrom und -spannung. Bei I ist das Lieht um die
Kathode konzentriert, bei III und IV sieht man ein freischwebendes Kiigelchen,

From the Puitosopuicat Macazixe, vol. vi. Suppl. November 1928,

The Heavtheat considered as a Relavation Oscillation, and
an Electrical Model of the Heart. By BALTH. VAN DER
Por, D.8e., and J. vax pEr Marg *.

[Plates X.-XIL]

1. Relazation Oscillations.

THE equation
i —all—v%) o+ wle=0 . .. (D

is representative of an oscillatory system of which the
resistance is a function of the elongation. When « is a
positive quantity the system bas a resistance which for a
small amplitude is negative. Therefore, the position

v=0
is unstable. When, further,
P 4]
it is obvious that as long as
e,

the variable v will initially leave the value v=0 in an
aperiodic way, but when later

vi>1,

the resistance has changed its sign and has become positive
and, therefore, v will have the tendency to go back again
towards v=0. The possibility of (1) even with the
condition (2) having stiﬁ a purely periodic solution is made
plansible by the above considerations, and a full description
of the solutions of (1) was given by one of the present
anthors some years ago f.

It followed from the research mentioned that the
fundamental period T. of the solution of (1) with the
condition (2) 15

Ty = 1-615,.

* A more detailed account of these considerations will appear in the
next issue of L'Onde Electrique,
+ Balth, van der Pol, Phil. Mag. ii. p. 978 (1926) ; Jarhb. d. dr. Tel.
{2s. f. Hochfreq. Technik) xxviii. p. 178 (1926), xxix. p. 114 (1927).
3D2

Fig. 3.

’{

Schematic representation of the heart by three relaxation systems:
S (=S8inus), A (=Aurienlum), and V (=Ventriculum). R isa
retardation system representing in the model the finite time
necessary for a stimulus to be transmitted through the A-V bundle.

9 B van der Pol; J van der Mark - The heartbeat considered as a relaxation-oscillation and an electrical model of the heart
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Patents

© High pressure mercury vapour lamp
C Bol; W Ellenbaas; HJ Lemmens
US patent 2.094.694 (1934)

© Rectifying device
FM Penning
US Patent 2182736 (1936)

C Bol

A Horowitz

HJ Lemmens
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‘of operation which enable extremely high vapor
- pressures to be used. o .

© Permanent Magnet
GB Jonas
US Patent 2.295.082 (1938)

@O Philishave rotary electric shaver
A Horowitz; A van Dam

US Patent 2.308.920 (1939)

© Electron Discharge Device
JH de Boer
US Patent 2.159.946 (1939)

O Ferroxcube
JL Snoek
US Patent 2.452.529 (1941)

UNITED STATES PATENT OFFICE

Our invention relates to vapor electric discharge
devices and includes improvements in both the
apparatus and the method of operation.

'Among the objects of our invention are to pro-
duce luminous vapor electric discharge devices

extraordinarily
face brightness or intrinsic brilllancy. Purther
objects are to provide constructions and methods

o C Bol; W Ellenbaas; HJ Lemmens — High pressure mercury vapor lamp

Patented Jam. 19, 1843 mﬂzn

UNITED STATES PATENT OFFICE

2,508,920
HAIR CUTTING DEVICE

Alexandre Horowitz and Alexis van Dam, Eind-
hoven, Netherlands, assignors, by mesne assign-

ments, to Hariford National Bank and Trust

Company, Hartford, Conn,; as trustee

Application February 25, 1940, Serial No. 320,484
In Germany February 23, 1939

4 Claims. (CL 30—43)

The present application, which is a continua-
tion-in-part of our co-pending U, 8. application
S. N. 303,290, filed November 7, 1838, patented
May 19, 1942, No. 2,283,834, relates to hair cut-
ting or shaving devices having a shaving head
consisting of an apertured, for instance slitted,
cutting or shear plate and a rotary, preferahbly
electrically-driven, cutter,

In our above-meniioned application we pro-
posed to move the shear plate, for instance ro-
tate the same, at a speed which is much less than
that of the cutter in order that the hairs may ba
caught in the slits and cut in a better manner
than in devices using a stationary cutiing plate.
However, we have found that when the plate is
rotated continuously, it frequently happens that
gome hairs are not cut.

Q A Horowitz; A van Dam — Philishave rotary electric shaver
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© The London - van der Waals attraction between
spherical particles
HC Hamaker
PHYSICA 4,1058-1072 (1937)
Times Cited: 1884

® Electronic conduction of magnetite (Fe304) and its
transition point at low temperatures
EJW Verwey
NATURE 144, 327-328 (1939)
Times Cited: 671

© Electronic conductivity and transition point of
magnetite (Fe304)
EJW Verwey
Physica 8, 979-987 (1941)
Times Cited: 616

@ Mechanism of electrical discharges in gases of
low pressure
MJ Druyvesteyn; FM Penning
REVIEWS OF MODERN PHYSICS 12, 87-174 (1940)
Times Cited: 427

HC Hamaker JL Snoek
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© Eifect of small quantities of carbon and nitrogen on

the elastic and plastic properties of iron

JL Snoek

PHYSICA 8, 711-733 (1947)

Times Cited: 425

Cation arrangement in a few oxides with crystal
structures of the spinel type

EJW Verwey; JH de Boer

RECUEIL DES TRAVAUX CHIMIQUES DES PAYS-BAS 55,
531-540 (1936)

Times Cited: 268

The non-linear theory of electric oscillations

B van der Pol.

PROCEEDINGS OF THE INSTITUTE OF RADIO
ENGINEERS 22, 1051-1086 (1934)

Times Cited: 264

Die Glimmentladung bei niedrigem Druck zwischen
koaxialen Zylindern in einem axialen Magnetfeld
FM Penning

PHYSICA 3, 873-894 (1936)

Times Cited: 248

Semi-conductors with partially and with completely
filled 3d-lattice bands

JH de Boer; EJW Verwey

PROCEEDINGS OF THE PHYSICAL SOCIETY 49,
59-71(1937)

Times Cited: 230

Heat dissipation of parallel plates by free convection
W Elenbaas

PHYSICA 9, 1-28 (1942)

Times Cited: 220

The propagation of radio waves over a finitely
conducting spherical earth

B van der Pol; H Bremmer

PHILOSOPHICAL MAGAZINE 171, 817-834, (1938)
Times Cited: 27

THE LONDON—VAN DER WAALS ATTRACTION
BETWEEN SPHERICAL PARTICLES
by H. C. HAMAKER

Natourkundig Laboratorium der N.V. Philips” Gloeil i i Holland

Summary

ly we experi the exi of adhesive forces between
small parhclcs It seems natural to ascribe this adhesion for a large part to
Londoen-v.d. Waals forces. To obtain general information concern-
ing their order of magnitude the London-v. d. Waals interaction
between two spherical particles is puted as a f ion of the di
and the distance separating them. A table is caleulated which enables
numerical application of the formulae derived. Besides approximations
are added, which may be used when the distance between the particles is
small. In a separate section it is investigated how the results must be
modified, when both particles are immersed in a liquid. Here we are led
to the important conclusion that even in that case London-v. d.
Waals forces generally cause an attraction,

§ 1. Introduction. Frequently we experience the existence of
adhesive forces between small particles of any substance or between
a particle and a surface. Of this the general occurrence of flocculation
in colloidal systems is one of the most striking examples.

It seems natural, to date, to attribute this adhesion mainly to
Londonv.d. Waals forcesand it may be of interest to possess
formulae from which the magnitude and range of these forces can be
estimated. It is the purpose of this paper to provide some data which
may be used for such computations. To simplify the calculations we
will consider spherical particles only; in practical problems the
particles will mostly be of irregular shape ; in such cases the formulae
derived below must be applied with caution, a question that will be
discussed more in detail in a subsequent paper ).

The energy of interaction between two particles containing g
atoms per cm? is given by: Lo

Ez_]riv,r_ld;- % o

'y
Vi

— 1058 —

0050
Fig. 2.

With respect to a second sphere of radius R,, the centres being a

distance C apart, the same method may be applied and we obtain for
the total energy of interaction (compare fig. 2):

C+Ry

E= E,,qr:é—e—{ng(C—R)z} dR =

= €4 R4R, ,
o — __#\2
— 7‘292"\ j {Rz e R]2} AR ./ s “is ?’) }dr . (6
C—R, R—FR,

@ HC Hammaker — The London - van der Waals attraction between spherical particles

WITH COMPLIMENTS

Laboratoria der N. V. .F.hl{o: G.i'ofdampn_,-‘abnfkm.
Eindhoven, Holla

(Reprinted from Naruwe, Vol. 144, page 327, August 19, 1939.)

El ic Conduction of M: ite (Fe,0,) and its
‘Transition Point at Low Temperatures

WE have measured the electronic conductivity,
down to liquid ni of a
of iron oxides of the homogeneous ‘Fe,0,’ phase,
especially as a function of the exact stoichiometric
composition of the material. This seemed of theoretical
interest for several reasons :

{a) Fe,0, iz an abnormally good conductor among
the semi-conductors with partially filled lattice
bands!.

(b) Fe,0, has a very remarkable crystal structure
involving a probably statistical distribution of both
Fe?+ and Fe'+ ions at equivalent lattice points?,

(¢) There are indications that Fe,0, shows a
transition point in the neighbourhood of 120° K.
Anomalies in the magnetic behaviour? at 120° K., in
the specific heat? and in the lattice constant® at
114° K., have been found. The magnetic anomaly,
however, depends on the mode of preparation®.

We thought it possible that the istical distribu-
tion of Fe?+ and Fe?+, which is a statistical distribu-
tion of electrons about the double number of lattice
points containing Fe®+, and which accounts for the
rather high el luctivity of ti
would lead to some type of order at lower tempera-
tures. A transition of this kind would probably offer
an explanation of the anomalies at 120° K. One
would expeet such a transition to be very sensitive
to the ratio Fe: O in the crystal, since an excess
of oxygen (solid solutions of Fe,0, and y-Fe,0,)
WDuId imply (a) vacant lattico points in the 16-fold

in stoicl Iy pure Fe,0,,
8 Fet+ + 8 Fe+++, and (b) an increase of the
ratio Fe'+ ; Fe*+ at this lattice position; both
factors would be unfavourable with respect to order.
For the irregularities fou.nd by H]Jporb and Forrer
this would supply an v
than that put forward by thess mll-bons

Furthermore, one would expect that such a transi-
tion, m\clumg the condueting electrons, would be

1 by wvery p d effects in the
i at the ition temperature.

Actually we have found a strong discontinuity in
the resistivity curves of some Fe,0, samples, and a
considerable influence of the ratio Fe: 0.

b

.0
50 5 10 T 15
Tﬁ /
1 7%
0 7 /
1
_f :
T —~ ///
-
- 500 300 200 150 100  °K -—

The accompanying graph shows log ¢ against 1/T
for two bars: I with FeO :Fe,0; = 1:1:025, and
IT with FeO : Fe,0, = 1:1:08. All details of the
curves are in full accordance with the picture pro-
posed above for the nature of the transition and our
concept of the cation arrangement in the Fe,0,
(and the y-Fe,0;) lattice. In further support of
our views, we found that sample I shows a distinet
drop in the susceptibility for weak magnetic fields
at about 117° K., whereas with sample II the corre-
sponding effect is much weaker.

e EJW Verwey — Electronic conduction of magnetite (Fe304) and its transition point at low temperatures
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(1) Vorrichtung zur Verstaerkung kleiner Spannungen

mit einer elektrischen Entladungsroehre

AJW Overbeek

BDH Tellegen

© Gyrator
BDH Tellegen

US Patent 2.647.238 (1947)
DE 809220c1 (1944) © L-Cathode

HJ Lemmens; MJ Jansen; R Loosjes

US Patent 2.543.728 (1947)

@ Deltamodulation
JF Schouten; F de Jager; JH Greefkes

US Patent 2.662.118 (1948)
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JJ Went; GW van Oosterhout; EW Gorter
US Patent 2.762.777 (1950)

0O X-ray image intensifier tube

MC Teves; T Tol

US Patent 2.757.293 (1951)
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UNITED STATES PATENT OFFICE

PASSIVE FOUR TERMINAL NETWORK FOR
GYRATING A CURRENT INTO A VOLTAGE

Bernardus Dominicus Hubertus Tellegen, Eind-
hoven, Netherlands, assignor to Hartford Na-
tional Bank and Trust Gomum, Hartford,
Conn., as trustee

Application March 6, 1948, Serial Ne. 13,506
In tlle Netherlands April 29, 1947 -

4 Chaims. (1. 333—24)

12

Q BDH Tellegen — Gyrator

For the impedance elements connected be-
tween the terminals of a passive electrical quad-
ripole or four terminal network use has hitherto
been limited to inductances (L), resistances (R),
capacities (C) and ideal f{ransformers as the
basic cireuit elements. The first three elements
are dipoles, the relation between the instantane-
ous values of the current i passing through and
the voltage v set up across the elements being
given by

u=Lg{, v=iR and v= _f Zat

GYRATOR

Ef

United States Patent Office ., 2"

uly 31, 1950

2,757,293
LUMINOSCOPE

Marten Cornelis Teves and Taeke Tol, Eindhoven, Neths
erlands, assignors to Hartford Nafionsl Bank and Trusi
Company, Hartford, Conn,, as trusiee

Application August 29, 1952, Serial No. 306,974

Claims priority, a tion Netherlands
September 26, 1951

3 Claims, (CL 250—213)

This invention relates to “luminoscopes,” i. e., a de-
vice for converting an infra-red or X-ray image into a
luminescent image having a different wavelength or a
higher degree of brightness,

Lursinescemr
ConNouc TIVE Soaeen

[ 22 o b

BapiaTion Responsve
TO CATHSDRL

6 MC Teves; T To — X-ray image intensifier tube
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Publications

© On the attraction between two perfectly

conducting plates

HBG Casimir

PROC KONINKLIJKE NEDERLANDSE AKADEMIE VAN
WETENSCHAPPEN 51, 793-795 (1948)

Times Cited: 1946

© The influence of retardation on the London -

van der Waals forces

HBG Casimir; D Polder

PHYSICAL REVIEW 73, 360-372 (1948)
Times Cited: 1554

© Ferromagnetic compounds of manganese with

perovskite structure

GH Jonker; JH van Santen
PHYSICA 16, 337-349 (1950)
Times Cited: 1350

EJW Verwey

28

@ On the dispersion of resistivity and dielectric constant

of some semiconductors at audio frequencies

CG Koops

PHYSICAL REVIEW 83, 121-124 (1951)

Times Cited: 817

Physical properties and cation arrangement of
oxides with spinel structures. I: Cation arrangement
in spinels

EJW Verwey; EL Heilmann

JOURNAL OF CHEMICAL PHYSICS 15, 174-180 (1947)
Times Cited: 605

On Onsager’s principle of microscopic reversibility
HBG Casimir

REVIEWS OF MODERN PHYSICS 17, 343-350 (1945)
Times Cited: 547

Physical properties and cation arrangement of
oxides with spinel structures. Il: Electronic conductivity
EJW Verwey

JOURNAL OF CHEMICAL PHYSICS 15, 181-187 (1947)
Times Cited: 494

Magnetic compounds with perovskite structure Ill:
Ferromagnetic compounds of cobalt

GH Jonker; JH van Santen

PHYSICA 19, 120-130 (1953)

Times Cited: 420

Controlled-valency semiconductors

EJW Verwey; PW Haaijman; FC Romeijn;

GW van Oosterhout

PHILIPS RESEARCH REPORTS 5, 173-187 (1950)
Times Cited: 387

The effective permeability of mixtures of solids

D Polder; JH van Santen

PHYSICA 12, 257-271 (1946)

Times Cited: 330

H. B. G. CasimIR: On the atiraction between two perfectly conducting

plates.

(Communicated at the meeting of May 29, 1948.)

In a recent paper by POLDER and CASIMIR 1) it is shown that the inter-

action between a perfectly conducting plate and an atom or molecule with

a static polarizibility « is in the limit of large distances R given by

3 a

and that the interaction between two particles with static polarizibilities

a; and ap is given in that limit by

23, aa
ﬁE——:i—;!hC R’,.

72 1

2 — - .
B =—he 73330 &

© HBG Casimir - On the attraction between two perfectly conducting plates

Physica XVI, no 3 Maart 1950

FERROMAGNETIC COMPOUNDS OF MANGANESE
WITH PEROVSKITE STRUCTURE

by G. H. JONKER and J. H. VAN SANTEN

Philips Research Laboratories, N.V. Philips' Glocilampenfabrieken
Eindhoven - Netherlands

Summary

Various manganites of the general formula La®+ Mn® + 02~ -Me? + Mn*+ 0%~
have been prepared in the form of polyerystalline products, Perovskite
structures were found, ia. for all mixed crystals LaMnO; — CaMnO;,
for LaMnO3 — SrMnOj; containing up to 70%, SrMn0O;, and for LaMnO; —
BaMnOy containing less'than 50% BaMnOj. The mixed crystals with per-
ovskite structure are ferromagnetic. Curves for the Curie temperature ver-
sus composition and saturation versus composition are given for LaMnO; —
CaMnO,, LaMnOy — SrMnQ,, and LaMnO; — BaMnOj; Both types
of curves show maxima between 25 and 409, Me?*Mn**03—; here all 34
electrons available contribute with their spins to the saturation magnetiz-
ation. The ferromagnetic properties can be understood as the result of a
strong positive Mn®* — Mn%* exchange interaction combined with a
weak Mn®* — Mn®* interaction and a negative Mn** — Mn** interac-
tion. The Mn** — Mn** interaction, presumably of the indirect exchange
type, is thought to be the first clear example of positive exchange interac-
tion in oxidic substances,

1. Introduction. During our investigations ') into the occurrence
of the perovskite structure we prepared ia. compounds of the
general formula A B** 02, One of these, LaMnO,, showed ferro-
magnetic properties at liquid-air temperature, whereas LaCrQ,
and LaFeO, did not. It appeared, however, that LaMnO, was ferro-
magnetic at this temperature only when it contained some manga-
nese of a valency higher than three; by a suitable thermal treatment
in an oxygen atmosphere, the substance took up more oxygen and
Curie temperatures up to 210°K were found. A similar increase
of valency of Mn was realized by preparing mixed erystals
La®*Mn®* 02~ — Me?**Mn** 0%~ (Me?** = large divalent ion). An

— 337 —

\\!

N N
lfflm——pa—Am—%"—_ﬂm 0 \.v

—T

Fig. 3. Saturation magnetization I; as a
function of temperature 7 for mixed crystals
(Lag.gp ST0.10)MnO;3 (I) and

(Lag.70 Sro.30)MnOg3 (1I).

0 GH Jonker et al. - Ferromagnetic compounds of manganese with perovskite structure
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1954 — 1963

Patents

© Gallium emitter © Deplistor
LJ Tummers; PW Haayman OW Memelink
US Patent 3.078.397 (1954) US Patent 3.081.404 (1958)
© Cathode-Ray Tube @ Spiral groove bearing
J Haantjes; GJ Lubben JA Haringx; EA Muijderman; H Rinia
US Patent 2.866.125 (1954) US Patent 3.154.353 (1960)

© Colour beam splitter
H de Lang; G Bouwhuis
US Patent 3.202.039 (1960)

0O Plumbicon

US Patent 3.372.056 (1963)

G Bouwhuis

EF de Haan; PPM Schampers; JHN van Vucht

United States Patent Office ,,....05%

3,154,353
AXJIAL THRUST BEARING FCR ROTARY SHAF]
Johunnes Adrianus Haringx, Everbardus Albertus
Muijderman, and Herre Rinia, all of Epunasiagel,
Eindhoven, Metherlands, assignors to North Ameri-
EF de Haan can Philips Cmu];:my, Inc., New York, N.Y,, a
corporation of Delaware
_ Filed June 29, 1961, Ser. No. 120,779
Claims priority, application Netherlands fnly 23, 196
8 Claims. (CL 368—9)

This invention relates to an axial thrust bearing for
shaft rotating in a medium, comprising a fixed supporti
member having a rotation-symmetrical cavity the ge
eratrix of which is a curved line and the axis of rotati
of which coincides with centre line of the shaft, wh
the shaft has a central thrust member co-acting with t
supporting member during operation and the co-acti
surfaces of the two members have the same shape, Su

JA Haringx o JA Haringx; EA Muijderman; H Rinia — Spiral groove bearing

32

United States Patent Office >/

3,372,056
METHOD OF MANUFACTURING A PHOTCRE-
SPONSIVE DEVICE COMPRISING A PHOTO-
RESPONSIVE PO LAYER
Edward Fokko de Haan, Pavlus Philippus Maria Scham-
pers, and Johagues Hendrikus Nicolaas van Vuchi, Em-
masingel, Eindhoven, Netherlands, assignors to North
American Philips Company, Inc., New York, N.Y.,, a
corporation of Delaware
Filed Mar, 10, 1964, Ser. No. 350,713
Claims prierity, application Netherlands, Mar. 12, 1963,
290,119
30 Claims. (CL 117—200)

ABSTRACT OF THE DISCLOSURE

A method of making a photoresponsive deviee, in par-
ticular a television camera tube, employing a layer of
Pb0O in which the PbO is vapor-deposited and subjected
to the action of oxygen in combination with water vapor,
hydrogen sulfide, tellurated or selenmiated hydrogen to
render the layer of PbO photo-sensitive,

6 EF de Haan; PPM Schampers; JHN van Vucht — Plumbicon
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Relations between the Concentrations

1 9 ! :l 1 9 of Imperfections in Crystalline Solids
F. A. Knoeer anp H. J. ViNg

FPhilips Research Laboratories, N. V. Philips' Gloeilampenfabrieken,
Eindhoven-Netherlands

1. Pure Stoichiometric (ompmmds ...................................... 310

° ° 1. Atomie Disorder. . e ceee.. 310

2. Electronic l)l.wrdcr . co.. 816

P u b ll C atl o n S a. Electronic Disorder Not ln\olvlng Atomic Ilnpm'fcl.twn! 111
b. Electronic Disorder Involving Atomic Imperfections. .............. 318

3. Complete Equilibrium Involving Both Electronic and Atomic Disorder. 323

a. Equilibrium at High Temperatures. . ....covvoiiviiiannaiainan 324
b. Processes Taking Place durmg Cooling. . cieae.. S2B
4 igration of Atomic I ions; lonic f.,onclucm u) Ceeeiii....... 328
. Electronie Conductivity Ariging from Lattice Defects. 328
1L \onxl,o:chlomctm Compounds. ...ovoeeneaniiniraiina. . 329
ﬁ. Introduction. 329
© Relations between the concentrations of O Experimental and theoretical study of the domain Reactions Involving Crystal and Vapor 320
s (,mnplu,lu-, Equilibrium Crystal-Vapor for a Simple (m.se ‘with Frenkel 7 /d'/ fi/m/b{n&
imperfections in crystalline solids configuration in thin layers of BaFe12019 ) e R e e e e T Sl bt
Relations Such as Those of Section 8. ... .. ..ot 335
FA Kroger; HJ Vink C Kooy; U Enz " ok Comploay Tnized Finkel Dot =
11. A More Complicated Case of Schottky-Wagner Disorder. . . .
SOLID STATE PHYSICS 3, 307-435 (1956) PHILIPS RESEARCH REPORTS 15 (1), 7-29 (1960) R Crystal and Vapor for & Crystal MX with Anti- . o Jx"--,
Btructure LASOTOCT . . ccvvavsarssnarnarnarssarsarnarnarnsrarnannnnn i - '- r
. . . . a. Pure Antistructure Disorder. .
Times Cited: 1034 Times Cited: 658 b. (x\mbm:tu:n of Autistrusture aud ‘Schottky-Wagner Disorder n
13. Cooling; the State of the Crystals at Low Temperatures. . . 5
© Ferrites © Saturation magnetization and crystal chemistry of B T  Fusston f" - i i
15, The Position of the Fermi Level .. ................................. 380 XJ_-[Ec 5
it 3i i i i Practical Limi ns . o ... 62 A
J smlt’ HPJ Wlln fernmagnetlc oxides :g (omtmrmnnw:’:l:li.s(penmenl ................ S GGo00onCaaC0S0e L ] Wmum
18. The Effect of Heating in a Stream of Inert Gas........ ... Lo... 360 N N
PHILIPS TECHNICAL LIBRARY, 373 pages (1959) EW Gorter 19. Eaquiibris Vapor Liquid and Solid-Liquid. .30
I 2(; ::’_:‘&:;{m Forabn At : g:g F1a. 3. A possible electronic energy level scheme of a erystal of composition MX
Times Cited: 1032 PHILIPS RESEARCH REPORTS 9 (4), 295-320 (1954) B i e ——— o " 13 containing interstitial X atoms.
307
© Topotactical reactions with ferrimagnetic oxides Times Cited: 453
having hexagonal crystal structures. | 0O Magnetic compounds with perovskite structure .4: © FA Kroger et al. - Relations between the concentrations of imperfections in crystalline solids
FK Lotgering Conducting and non-conducting compounds
JOURNAL OF INORGANIC AND NUCLEAR GH Jonker
CHEMISTRY 9, 113-123 (1959) PHYSICA 22, (8), 707-722 (1956) R 248 Philips Res. Rep. 9, 295-320, 1954
Times Cited: 974 Times Cited: 422
© Ferromagnetic resonance absorption in BaFe12019, SATURATION MAGNETIZATION AND CRYSTAL
. . . CHEMISTRY OF FERRIMAGNETIC OXIDES *)
a highly anisotropic crystal
. . by E. W. GORTER
J Smlt’ HG Bel]ers . 621.317.421: 548.3: 548.736.453.2
WA
PHIL'PS RESEARCH REPORTS 10 (2), 113—130 (1955) "M e :!" I n . c tfglagi:g::lmm;l\;ﬁ
structure, The results are in agreement with Néel's theory of ferri-
Times Cited: 419 ' '::;[ e towabed .sb;]";‘:gmm i ;‘3":"“ :
e On the permeation of hyd d heli 5 ;:nlhla'nt:a)e.“:r:- th}mlh nnglcs betwe:'nlﬂ:rmw':fc mmrntn‘:‘::::::ze
P ydrogen an elium in of the sublatti r The spinel e is ibed in uclw: L1,
i 1 and tk ieal data from ki on cation distri-

s =13 s bution are summarized in section 1.2, Néel's theory is reviewed in
single crystal silicon and germanium at elevated section 22,1, with Yafet and Kittel's modification (section 2.2.2).
‘When the moments of the two sublattices are approximately equal,

Neéel pmlu-u a number of anomalous &-T curves, All of these should

tempel’atures oeccur in a series of mixed crystals of type la{ in which the resultant
moment m changes sign. Our experimental methods are given in

section 3. The measurements on the single ferrites MellFe, /110, with

ieri . Mell = Mnt+, Fet, Cott, Nit+, Cut+, Mg+ or (0-5 Li* + 0.5 Fel+)

A van Wlenngen’ N warmo"tz uh:w lh:l these belong to  group ‘[n'l'. the mixed erystals
Mey_aZngFe 0, with a = appr. 0-4 belong to group (b) (section 4).

The moment of Cag.,,Z Fe,0, is higher than that of Mgin

PHYSICA 22 (10), 849-865 (1956) foeie, pochaph borkas Eheanglo 4-0-L i fnccsmed by the prewncpof

the greater part of the large Ca ions in the B sites, thus 1':|r:re-su'nlgl

. : the AR interaction; this behaviour would be in agreement wit
Times Cited: 418 Anderson’s theory (section 5.1; Anderson's theory Is reviewed in
section 2,3.2). The moments of ferrimagnetic oxides with other erystal
. . . . . structures may be predicted from the angles (metal ion)-{0* ion)-
© Dislocations in the diamond lattice (metal fon); of. BaFelly0 and KFally; Oy (section 52) In 2
number of mixed-crystal series anomalous o-T curves have been
looked for: these are not found in the systems Niy .oFellly_5.Tio0, and

1 FTiv+

Nij ZngFellITi,, 0, because of the unexpected presence of Ti* jons
J Hornstra i e e N i, e
effective g-factor (section n the system Li, ;Fellly; Cr0,
(f=a<=20) the distribution of the Li* and Fe** jons is anomalous
JOURNAL OF PHYSICS AND CHEM|STRY OF SOLlDS 51 as a result of short-range order. The resultant moment remains
positive, and only one type of anomalous o-T curve, viz. that for
which the spontaneous magnetization changes sign with temperature,
129-141 (1958) oceurs in a wide range of compositions, For e < 1-25 the materials
belong to group (a) (section 7). A change of sign of the resultant
moment does oceur in the system NiFel'ly_aAlOy. Anomalous o-T

Times C]ted 410 curves are here found in a narrow range of compositions, but not e ki_ _______ L~ 77855
all types predicted by Néel: the reasons are dnmaaed (section 8]
The presence of Mn?* ions ap
@ Correlation factors for diffusion in solids ml.z between lhe“mlu:“l:mmcnle in' B sites: tl|e complete xmem Fig. 1. Unit cell of spinel structure. The position of the ions in only two octants is shown.
MnFellly (Cr,0, belongs to group (b) {section 9), as well as MnFe,0, The dashed circles belong to other octants, The drawn lines indicate the fourfold and
prepared by other authors (scction 4) and part of the system sixfold coordination of the respective metal-ion positions,
N Niy.s—aMngFelITi;, 0, ion 6.3). In the first-named system r v -ion posi .
K Compaan; Y Haven a2t s T lTas a1 o kst sl Ja=0-3 )x=3-F Dr=f-1
- Large circles: oxygen ions; small hatched circles: metal ions at octahedral sites; small
TRANSACTIONS OF THE FARADAY SOCIETY 52 (6), *) Thesis, University of Leyden, June 1954, unhatched circles: metal ions at tetrahedral sites. The figure is drawn for u = §.
786- 801 (1956)
K Compaan Times Cited: 393 9 EW Gorter - Saturation magnetization and crystal chemistry of ferrimagnetic oxides
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Patents

© Locos
E Kooi

US Patent 3.970.486 (1967)

©®© Charge transfer device

K Teer; FLJ Sangster

US Patent 3.621.283 (1968)

E Kooi

A Slob
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© Image sensor
LJM Esser; G Lock
US Patent 4.807.005 (1971)

@ Optical Recording
G Bouwhuis
US Patent 3.956.582 (1972)

© Optical VLP record
P Kramer; K Compaan; RFK Forsthuber

US Patent 4.041.530 (1972)

@ Integrated injection logic (12L)
CM Hart; A Slob
US Patent 4.056.810 (1972)

@ Fluorescent lamps
J Verstegen
US Patent 3.937.998 (1973)

United States Patent 119

(11 3,956,582

United States Patent 1 i AST0486
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Bouwhuis 145] May 11, 1976
[54] APPARATUS FOR READING A RECORD [56] References Cited
CARRIER ON WHICH INFORMATION IS UNITED STATES PATENTS
RECORDED IN AT LEAST ONE TRACK 334,160 |ﬁ1m KOMpEl -~ ATno0.3 v
i 1567 055 1971 Harmih . 19100
175 Inventor:  Gijsbertus Bouwhuis, Eindhoven, IAEEOS  BI9T  WHAIKWAE ... - 1791003 G
[73] Assignes: US. Philips Corporation, New Primary Examiner—Raymond F. Cardillo, Jr.
York, N.Y. Attorney, Agent, or Firm—Frank R, Trifary; Simon L,
[22] Filed:  Dec, 24, 1974 o
(2] Appl. MNo.: 538,161
Related U.S. Application Data 1571 MRS
; An apparatus for o record carrier on whick
163] Continwation of Ser. Moo 3808068, March 26, 1973, nf jon & recorded o loas one wrack ks de-
seribed. By illuminating the record carrier with a spot
10 P A then Pri Diata of light which is greater than the width of the track
(30 :“::j “:u orty e mﬂmmhpﬂ!ﬂhnﬁllqumﬂm
Sepi. 9, LT T T T | record carrier to the detection system a lhﬂlﬁ'l. aper-
- ture such that at the wavelength of the madiation em-
13521 ployed no details smaller than the width of the track
are imaged on the detection wystem a simpbe nnd
E:H cheap arrangement may be used.

179/100.41 L, 1003 N, 100.3 M, 100.3 G,
003 B, 1003 Dy, 1004 R 178/66 R, 6.6
DD, 6.7 A; 340173 LM

o G Bouwhuis — Optical Recording

2 Claims, 3 Drawing Figures
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Publications

© Controlled nucleation for regulation of particle-size
in mono-disperse gold suspensions
G Frens
NATURE - PHYSICAL SCIENCE 241, (105),
20-22 (1973)
Times Cited: 3585

© Internal Reflection Spectroscopy
(Google Books, Library of Congress)
NJ Harrick
INTERSCIENCE (New York, 1967)
Times Cited: 1791

© Energy transfer in oxidic phosphors

G Blasse
PHILIPS RESEARCH REPORTS 24 (2), 131-144 (1969)
Times Cited: 512

G Blasse

G Frens
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O Reversible room-temperature absorption of large

quantities of hydrogen by intermetallic compounds
JH van Vucht; FA Kuijpers; HCA Bruning

PHILIPS RESEARCH REPORTS 25 (2), 133- 140 (1970)
Times Cited: 510

Some aspects of semiconducting Barium Titanate
GH Jonker

SOLID STATE ELECTRONICS 7 (12), 895-903 (1964)
Times Cited: 495

Electronegativity parameter for transition-metals -
Heat of formation and charge-transfer in alloys

AR Miedema

JOURNAL OF THE LESS-COMMON METALS 32 (1),
117-136 (1973)

Times Cited: 451

Small-polaron versus band conduction in some
transition-metal oxides

AJ Bosman; HJ van Daal

ADVANCES IN PHYSICS 19 (77), 1-117 (1970)

Times Cited: 358

Investigation of some Ce3+-activated phosphors

G Blasse; A Bril

JOURNAL OF CHEMICAL PHYSICS 47 (12), 5139-5145
(1967)

Times Cited: 335

New compounds with perovskite-like structures

G Blasse

JOURNAL OF INORGANIC AND NUCLEAR CHEMISTRY
27 (5), 993-1003 (1965)

Times Cited: 284

A stagnant layer model for epitaxial growth of
silicon from silane in a horizontal reactor

FC Eversteyn; PJW Severin; CHJV Brekel; HL Peek
JOURNAL OF THE ELECTROCHEMICAL SOCIETY 117 (1),
925- 931(1970)

Times Cited: 267

Controlled Nucleation for the
Regulation of the Particle Size in
Monodisperse Gold Suspensions

Many properties of colloids and suspensions depend on the
particle size. Series of monodisperse suspensions of the same
chemical composition but of rather different particle sizes
may be used to study particle size dependent phenomena, such
as Brownian motion, light scattering, sedimentation and
electrophoresis of small particles. We have used such series
to demonstrate the increased tendency of metal suspensions
1o coagulate in the presence of electrolytes as the radius of
the particles increases’,

From Turkevich’s data® we concluded that the reduction
of gold chloride with sodium citrate in aqueous solution might
bea for the ion of such a set of
monodisperse gold suspensions with widely different particle
diameters. We hoped by changing the relative amounts of
leacums to hnn; about changes in the relative rates of the

of | and growth of
Il\e metal particles. Whether the available gold is divided
over more of fewer nuclei would make a considerable difference
for the diameter of the resulting particles. Our expectations
were borne out by the experiment.

Fig. 1 shows electron micrographs of six gold
with particle diameters varying from 160 A to 1500 A All

six suspensions were prepared by the same simple procedure,
the only difference being in the concentration of sodium
citrate during the nucheation of the parlldea.

A standard for di:
suspension C is as follows.  Solutions are pmpared of HAuCl,
(10-*% by weight, solution 1) and of Nas-citrate (17, by
weight, solution IT). 50 ml. of solution [ is heated to boiling,
and 0.50 ml. of solution II is added. In about 25 s the boiling
solution turns faintly blue (nucleation). After approximately
70 5 the blue colour suddenly changes into a brilliant red,

ficating the formation of di spherical particles.
Reduction of gold chloride is practically complete after 5 min
of boiling. Neither prolonged heating nor the addition of
extra citrate produces any substantial change in the suspension
after that period.

The monodisperse suspensions with the smaller and with
the larger particles are obtained by the same procedure, the
only change being in the amount of citrate solution added

(Table 1).

The smallest particles obtained in this way had a diameter
of 120 A, The average diameter in the coarsest suspensions
was 1500 A, obtained with 0.15 ml. of Solution I At these
low citrate levels the results are less reproducible, and boiling
has to be continued for at least 30 min to complete the reaction.

The citrate concentration in the standard procedure is such
that overall formation of the particles proceeds as rapidly as
possible. This concentration is about ten times smaller, and
the mar.'.uun an order of magnitude faster than under the

Table 1 Experimentsl Data on the Preparation of Mono.di Gold
~ Sols
unt

Solution Il Diarpete:
So}\ ::vﬂ, ) Colour  fuiee (8} freals)
00 160 Orange 25 145
g 0.75 245 Red 25 120
s sm 410 Red 0
4 b 715 darkred* 40 140
E oz violet * 0 435
16 1470 violet* 80 850

* With a yellow Tyndall effect of the scattered light.

* which are il usadrnrmepmdwlnnd
colloidal gold. That the resulting particle size in the suspen-
sions is determined by the number of nuclei over which the
available gold is divided and is not a result of the reduction of
a different percentage of llne avalluble gold with different
citrate ions was d in the ing way.
The average particle size and the size distribution of the
suspensions can be determined with great accuracy from elec-
tron micrographs. Now assume that in each preparation all
the available gold has been reduced—or at least that the gold
has been reduced to the same degree in each preparation. This
assumption, together with the average volume of a particle

Fig. 1 Electron micrographs of the sols A-F described in Table 1.

© G Frens - Controlled nucleation for regulation of particle-size in mono-disperse gold suspensions
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REVERSIBLE ROOM-TEMPERATURE ABSORPTION
OF LARGE QUANTITIES OF HYDROGEN
BY INTERMETALLIC COMPOUNDS

by J. H. N. van VUCHT. F. A. KUUJPERS and H. C. A. M. BRUNING

Abstract
Some h 1 i i of the

Ay,

where A represents a rare-carth metal and B nickel or cobalt, are ﬂemrl:
ed to absorb and desorb easily large quantities of hydrogen gas under
relatively small pressures at room temperature. For some selected

compounds, viz. LaNiy and SmCoy, absorption

herms and X-ray
data are given. Also data are given for the guasi-bina;

compounds

Lay _ ,Ce,Nis. The compound LaNiy forms the hydride LaMNigHg.» at
room temperature under 2-5 atm of hydrogen pressure. Its unit cell
expands 25 vol. % and seems 1o retain its hexagonal symmetry. SmCoy
forms the hydride SmCogHy at room temperature under 4-5 atm of

hydrogen pressure, while its unit cell expands 10 vol. %, and becomes 50,
ic. For both i heat of reaction is found to be about

7 keal/mol H.

1. Introduction

Many metals and intermetallic compounds are known to form hydrides. 40

sz
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A review was given recently by Westbrook '). Some of these hydrides find
application in the form of getters and as sources of pure hydrogen. Compared
to these the family of intermetallic compounds described in this paper is excep-
tional in that they absorb hydrogen at room temperature quickly and reversibly,
dependent only on hydrogen-gas pressure. This behaviour was recently dis-
covered for the compound SmCos by Zijistra and Westendorp *). The family
may be described in general as having the formula AB, and being of the hexag-
onal CaCuy type of structure; A stands for a metal of the lanthanide series,
calcium or thorium, and B represents nickel or cobalt

2, Experimental

The intermetallic compounds were prepared by arc-melting under argon,
using cially pure p After h izing, they were crushed in
an agate mortar to grains with a mean size of 50 pm. Samples of about 1-5
grammes were enclosed in small brass containers, provided with a valve and
a pressure gauge and connected to a hydrogen cylinder via a thin stainless-
steel capillary tube. After exposing the metal powder to hydrogen gas at a
certain pressure for some time the amount of absorbed hydrogen could be meas-
ured by disconnecting the tube from the cylinder and by allowing the hydrogen
to flow out under water into a gas burette. Experiments not carried out at room

201 -

20°C

1 L 1
10 20 30
Hydrogen concentration (at H/mol SmCos)

Fig. 3. Isotherms of hydrogen gas (pressure p atm) in equilibrium with absorbed hydrogen in
SmCos (concentration: H atoms/SmCog).

o JH van Vucht et al. — Reversible room-temperature absorption of large quantities of hydrogen by intermetallic compounds
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Disclosed is a method and apparatus for recording in-
formation on a disc-shaped record carrier body with a
single beam of radiation. The record carrier body is
provided with a servo track which preferably exhibits a
phase structure and which contains a multitude of sec-
tor addresses each associated with a portion provided
with a radiation sensitive layer. Before the information
is recorded, the beam is switched to a low, read level
and the desired address is located. Simultancously, the
radial position and tangential speed of the radiation spot
and the focusing of the radiation beam are checked.

e WJ Kleuters; GB Gerritsen; JJ Verboom — Data disc with pregroove
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New Class of Materials: Half-Metallic Ferromagnets
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The band structure of Ma-based Heusler alloys of the €1, crystal strocture (MgAgAs
[

type) bas been caleuluted with the

rical-wave mathod, Some of these

magmetic show umual eloctronie propertiss, The majority-spis electrons
are metallio, whereas the minority-spin electrons are semiconducting.

PACS numbers: TL10.4x, T1.25.P1, 75.30.E8

Magnetic materials based on the L2, and C1,
erystallographic phases have been of interest to
‘both theorists and experimentalists since they
were first considered by Heusler.' His interest
focased on the unasual result that some of these
materials in thess crystallographic phases wers
strongly ferromagnetic but were made by com-
bining elements which at the time were condidered
to be nonmagnetic. Subsequently these materials
have been used aa both a teating ground for the-
oretical models and also for the development of
new magnetic systems, In this Letter we will
show that some of thess 1, type compoands en-
compass & new class of materials. The members
of the novel class share simultassously the prop-
arty of an energy gap between valence and con-
duction bands for electrons of one spin polariza-
tion and the property of continuoas basds for the
electrons of the other spin polarization. This
asymmetric band character reflects the charac-
ter of the C1, structare itself: The minority-
spin electrons are semicondacting while the
majority-spin electrons keep their normal metal-
lie charactor, As & consequence we bave the re-
marimble situation bere that the conduction slee-
trons at the Fermi level are 100% spin polarized,
This property may exist for some of the conduc-
tion electrons in other ferromagnets, for example,
for the 4 electrons of Ni or the V electrons of
VPd,." But in the present materials the usasual
situstion exists that the spin polarization entails
@ll of the conduction electrons.

WiMnSh crystallizes in the C1, strecture (Mg-
AgAs type) which in face-centered cuble (fec),
space group Fd3m (mamber 216 in the Isterna-
tiosal Tables)." This structare type is often ob-
served for ternary transition-metal intermetallic
compounds (X¥.2) and is closely related to the
ardinary L2, Heasler alloys (X, ¥2l. Both struc-

ture types can be described by means of four in-
terpenetrating fec lattices, For the ordisary L3,
Heusler alloys these fec lattices can be charsc-
terized by the positions X, 44), X, B33, ¥
{000, and Z fh44). The smame holds for the €1,
structure with the exception that the X, positions
are empty. The nearest-neighbor coordination
of the X, atoms 8 similar in the two types of
Hewsler alloys X, ¥Zand X¥Z This coordination
consists of two interpenstrating tetrahedroas, in-
wolving four ¥ atoms and four Zatoms, respecs
tively, The coordination of the Ma atoms is
distinet, though, in both types of materials, As
a consequence of the X, sites being empty in X¥Z,
the paint symmetry of the Mn sites has been mod-
ified from o in the L2, type to T, in the C1,
type. The importance of this broken inveraicn
symmetry will be discussed below,

Far the calculation we have used the augmented-
spherical-wave method of Williams, Kdbler, and
Gelatt.* Scalar relativistic effects were incladed
a8 described by Methfessel and Kibler." The
empty X, sites were treated as atoms with zero
maclear charge. The basis included s, p, asd d
functioes for all sites. The secular matrix was
complex of rasic 36, The internal summations in
the thres—center contributions to the matrix ele-
ment were carried out including /=3 contribu-
tions.' The bands converged on a better than 1
mRy scale. The experimental lattice corstants
were used.’ Self-cossistency was schieved in 12
iterations to a precisicn of 1:10." Figures 1a)
and 1(b) show the band strecture of NIMnSb in the
majerity- and mincrity-spin directions, respec-
tively. A striking feature is that the minority
band structare has o semicondacting gap strad-
dling the Fermi level, whereas the majority band
structure has metallic intersections.

There are three main elements and their inter-

2024 © 1983 The Amevican Physical Society
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FIG. 2. Valence-band structure of minority-spin
(semiconducting) NiMnSb (C1, structure) where the Ni-
d states were deliberately removed from the Hamilton-
ian (full lines). For comparison the valence-band struc-
ture of GaSb (calculated with the same method) is shown
(broken lines).

o R de Groot et al. - New class of materials - Half-metallic Ferro magnets
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A semi-empirical model of alloy coheskon ksvolving two material constants for each element s introdiseed by means of

the physical Weas underlying the schemse, The rewsl!

for the heat of fo ion of bimary alloys are presented

and 1heis applicability in various extrome situations ig discussed. The model is shown to reprodece & vast amount of experi
mental information on the sign of heats of formation. Detailed comparison with experiment for particalar classes of alloys

will be presented i the sequels to this paper.

1. Introduction
1.1 Types of eohesion

In simple treatments of binding in crystals, one
attempts to classify solids according to the type of
interaction holding them together. In some cases, e.g.
molecular erystals or fonie compounds, the classifica-

tion is relatively straightforward and easy to apply. The

fact that a varlety of electronegativity scales has been
inteoduced to assess the relative i of londe

tive force to be effective. In fact, the overlap provides
the repulsive force that keeps the solid from collapsing.
In the case of solid noble gases, we find a simple rela-
tion between the fairly small electron density between
atoms and the cohesive energy at T =0 per unit molar
surface area (fig. 1). This comelation implies that
there is a proportionality between negative and posi-
tive contributions 1o the total energy at the equili-
brium interatomic distance.

In ionic crystals, the cohesive energy can be

binding shows that the delineation of this type from
metallic and covalent binding is not casy. In fact, a
similar ambiguity exists in the ¢l bon of metals

d for by i between
distinet, oppositely charged jons of well-defined sizes
and charges. In the case of fully jonic substances, i.e.,
ions of integral charge units,

and semiconductors, where the terms “covalent” and

“metallic’ are often applied to compounds in a rather
suggestive way, without giving much insight into the
origin of the cohesive energy.

In malecular crystals, which include the solid noble
gases, one describes cohesion in terms of the Van der
Waals — London interaction between molecules, The
interaction being due to the mutually induced dipole
moments of the two molecules, the cohesive energy
depends quadratically on the molecular polarizability.
There is no need for an overlap between the charge
densities of the interacting molecules for this attrac-

the calculation of the binding energy is a relatively
simple matter. However, fully ionic compounds repre-
sent a limiting case, never actually realized in nature.
Even in the textbook examples of fondc erystals
(alkali halides, axydes of metals with very low electro-
negativity) there must be some overlap between the
oppositely charged jons which generates the necessary
repulsive forces, Thus, one always deals with inter-
mediate, partially bonbc cases, where the electron
density between jons i appreciable, and there is an
ambiguity in the decomposition of the electronic
charge distribution into pesitive and negative jons.

A. R. Miedema et al. [A semi-empirical model for cohesion in alloys 11
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Fig. 8. Demonstration of the validity of eq. (7) for solid binary alloys consisting of a transition metal and a transition, noble, alkali
or alkaline earth metal.

() — In the binary system one or more compounds exist, which are stable at low temperatures (indicating that AH is negative);

+ There are no compounds in the system and both solid solubilities are smaller than 10 at.% (indicating that AH is positive).

{b) & There are no compounds or ordered phases in the system, but at least one of the solubilities in the solid state is larger than
10%. It can be postulated that AH will not differ much from zero. This figure does indeed show that open circles mainly occur in
the neighbourhood of the origin, which in the quadratic eq. (7) means that A# is small; ® As for the open cireles, but now the
solubility drops to kow values at low temperatures or there is only incomplete miscibility in the solid state, although both metals
have the same crystal structure, The quantity A is expected to have a small but positive value.

9 AR Miedema et al. — Cohesion in alloys - Fundamentals of a semi-empirical model
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Ballistic poist contacts, defined in the

electron gas of a IGaAs heterostrec-

ture, have boen studied in 200 magnetic fiekd. The conductance changes in quantized steps of ¢ fwh
when the widih, controlled by a gate on 10p of the heterojunction, is varied. Up to sixteen steps are ob-
sorved when the point costact is widened from 0 to 360 nm. An explasatios is proposed, which asvemes
quantized transverse momentum in the poiat-contact Fegion

PACS sumber: 7230y, 71 40.Cp. T1401g

As a resull of the high mebility sttainable in the twe-
dimensional electron gas (2DEG) in GaAs-AlGaAs het-
erastrustures it is now becoming feasible 1o study ballis-
tic trarspost in small devices."* In metals ideal tools for
such stedies are constrictions haviag a width W and
length L much smaller than the mean free path L.
These are known as Sharvin point conlacts. ' Because of
the ballistic transport through these comstrictions, the
resistance |5 determined by the poini-contact geametry
only. Paint costacts have been used extensively for the
study of elastic and inelastic electron scattering. With
use of binsed point contacts, electrons can be injected
into metals at energies above the Fermi level. This al-
lows the study of the emergy dependence of the scaticring
mechanisms.' With the use of a geometry containing
wo point conlacts, with separation smaller than 1., elec-
trons injected by a point contact can be focused into the
oaber contact, by the application of a magmetic ficld.
This technique {iransverse eleciron focusing) has been
applicd 1o the detailed stedy of Fermi surfaces.”

In this Letter we report the first experimental study of
|h= resistance of ballistic point contacts in the 2DEG of

hemobility GaAs-AlGak The

The classical expression for the conductance of a point
contact in two dimeasions (see below) s

G=le/xh)kyW/n [t}

in which ky is the Fermi wave vector and W is the width
of the contact. This expression is valid if I, 3 W and the
Ferml wavelengh Ap<< W, The firss condition is satisfied
in our devices, which have a maximum width W,
== 250 nm and [, =8.5 ym. The second condition should
also hold when the devices have the maximum width.
We expect quantum effects 1o become important when
the width becomes comparable 1o Ay, which is 42 nm in
our deviees. In this way we are able to stedy the ransé-
tion from classical 1o quantum ballistic transpont
through the poist contact

The point contacts are made on high-mobility
molecular-beam-epitaxy-grown GaAs-AlGaAs hetero
stroctures. The electron density of the material is
3.56%10"/m” and the mobility §5 m*/V s (a1 0.6 K).
These values are obtained from the devices costaining
the studied point contacts. A standard Hall bar geome-
try is defined by wet elching. Using clectron-beam
lithography, a metal gate is made on top of the hetero-

single-point contacts discussed in this paper are part of a
double-point-contact device. The results of transverse
electron focusing in these devices will be published clse-
where.™ The point contacts are defined by electrosatic
depletion of the 2DEG underncath a gate. This method,
which has been uml by several authors for the study of

structure, with an opening 250 nm wide (inset in Fig. 1%
The point contacts are defined by the application of 3
negative voltage 1o the gate. Al K= —06 V the ele-
tron gas underneath the gate bs depleted, the conduction
taking place through the point contact only. At this volt-
age the point contacts have their maximam widih W,
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1D conduction,” offers the possibility 10 control the  about equal to the opening beiwesa the gates, By a fur-
widih of the poist costact by the gate voltage. Contral ther decrease of the gate voltage, the width of the point

of the width is not feasible in metal poist contacts.

contacts can gradually be reduced, wntil they are fully
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FIG. 1. Point-contact resistance as a function of gate volt-
age at 0.6 K. Inset: Point-contact layout.
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Matching Properties

1433

of MOS Transistors

MARCEL J. M. PELGROM, MEMBER, [EEE, MDC J. DUINMAIJER,

AND ANTON P,

been verified by messurements and caloalations on seversl bask: cirosits.

I INTRODUCTION

ISMATCH IS THE process that causes time-inde-
pendent random variations in physical quantities of

G W

the experiments in this paper. The limited variation in
WL ratios in his experiments cannod distinguish between
alternative hypotheses.

This paper is a contribution 1o the discussion on match-
ing and will include an analysis and measarements of the
mismatch in threshold voliage, the carrent factor, and the
substrate factor of the MOS transistor as a function of
area, distance, and orientation. The starting point is not
the wide range of possible mismatch causes, but a mathe-
matical treatment of classes of mismatch behavior which
covers all known ares-related physical causes. Then the

idenically esigned devices hing is a limiting
factor in g ana'los signal ing, bat
especially in mulupltmd analog systems [1), digital-to-ana-
log converters [2], reference sources, etc. In digital circuits
matching can also be important, e.g., in the read and write
circuits of digital memories and even in the voltage mar-
gins of static RAM cells. The impact of (mis)matching
MOS lnnllsmru becomes more important because the

of the devices are reduced and the available

swing decreases.

Despite the widely recognized importance of matching,
there are only a limited number of specialized open litera-
ture contributions in this fiedd, Shyu e al. [3], [4) has
analyzed the variation in capacitors and current sources in
terms of local and global variations. Local variations are
characterized by a short correlation distance: the concept
of local variations is also part of the analysis of this paper.
The effect of the global variations is a constant term in
Shyu's mismatch description. In the following sections &
more detailed description will be used, thereby introducing
spacing . The analysis of current mismatch in
[4] is based on four physical causes: edge effects, implanta-
tion and surface-state charges, oxide effects, and mobility
effects. The resulting measurements confirm the global
trend in current matching, but matching is mot further
specified in parameter terms.

Lakshmikumar e al. [5] described MOS-transistor
matching by means of threshold-voltage and current-factor
standard deviations. The starting points were again the
possible physical causes. Their analysis of the contribu-
tions to the current factor mismatch is not supported by

Manuscrips seceived Decessber 3, 1988; revised May 5, 1985,
_The swthors are with the Philips Research Laboratories, 3600 JA,

IEEE Log Number S90A08.

are used 1o verily the theory and 1o derive
the unknown constants in the theory. The origine of mis-
match in s:uem] MOS parameters have bu:n smdmd by
means of The of the
results is demonstrated on several basic circuits.

I Amavysis

Mismaich that can be observed between the parameters
of a group of equally designed devices (MOS transistors in
this paper) is the result of several random processes which
occur during every fabrication phase of the devices, This
definition excludes batch-to-batch or wafer-to-wafer varia-
tions of the absolute value of parameters and unwanted
offsets caused by electrical, Hthographic, or timing differ-
ences.

In general the value of & parameter P is composed of a
fixed part and a randomly varying part, resulting in differ-
ing values of P at different coordinate pairs (x, ¥) on the
wafer, If the variations are small, the average value of the
|parameder over any area is given by the integral of Pix, ¥)
over this area. The actual mismatch in parameter F be-
tween two identical areas at coordinates (x,, y;) and
(= p)is

dP(k.z.yu}-—{ff P[x'.y').«ny

=1

HEnad) o
wrea g,
This integral can be interpreted as the convolution of
double box functions formed by the integral boundaries
with the “mismatch source™ lumtwu Plx, ¥ By means
of a i t Fourier the geome-

O018-9200,/89,/1000-1433501.00 ©1989 IEEE
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Fig. 6. Sunda:ddmuonof(a} V; and (b) B versus the square root of
I%he inverse area of an NMOS transistor pair for a 25-nm_gate-oxide
process (dots) xmd ~a 50-nm gate- -oxide process (circles). Crosses are

d in a 25-nm process with direct

wafer writing, Thecmss for the 2.4/1.6 device is at 2.2 percent.
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FIG. 3. Magnetic field shifts of the PLE spectra (band edge
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(Received 1 March 2004, accepted 2 June 2004)

The meniscus between two immiscible liquids can be used as an optical lens. A change in curvature
of this meniscus by electrowetiing leads 1o a change in focal distance. It is demonstrated that two
liquids mn a tube form a self-centered lens with a ligh optical quality. The motion of the lens during
a focusing action was studied by observation through the transparent tube wall. Finally, a miniature
achromatic camera module was designed and constructed based on this adjustable lens, showing that
it is excellently suited for use in portable applications. © 2004 American Institute of Physics.
[DOL: 10.1063/1.1779954]

FIG. 3. (Color) (a) Optical design of the camera module containing a liquid
lens; (b) the assembled camera module and the liquid lens.
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