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FOCUS ON PATENT SURVEY
AND DIELECTRIC PROPERTIES OF FERROELECTRICS

The main topic of this third issue of the Ferroelectricity Newsletter is
patents.  The feature article provides information on how to go about a
patent search, then reproduces a list of  numbers and titles of patents
issued in the field of ferroelectrics since 1969, computer generated by the
Patent and Trademark Office, and closes with a complete list of patents
held by Ramtron as of 5 May 1993.  I want to stress the word complete
because checking the Ramtron list against the Patent Office’s printout
revealed omissions which became more frequent toward the last few months
covered in the Patent Office's list.

This brings up another point:  It would be helpful to the ferroelectric
community if we could publish complete lists of patents held by other
companies or organizations.  Please contact us to make the necessary ar-
rangements.

As announced in the newsletter’s Spring issue, we are paying special
attention to Ferroelectrics' issue on dielectric properties of ferroelectrics,
dedicated to Professor Arthur R. von Hippel on the occasion of his 94th
birthday (Ferroelectrics Volume 135, Numbers 1-4, 1992).  We are listing
the titles and authors of the papers published in this “von Hippel” issue.  The
biographical notes and personal reminiscences contributed by Professor von
Hippel’s students and colleagues shed some light on von Hippel as a person.
Here is a quote from Polish scientist Franciszek Kaczmarek:

“Professor von Hippel was not only an outstanding scientist and lecturer
(his lectures with specially prepared experiments were marvelous!) but also
a man of extraordinary friendly attitude to his collaborators  . . .   One day
Professor von Hippel dropped into the Laboratory (for  Insulation Research
at M.I.T., Ed.'s note) and said, ‘Why don’t you bring your wife and daughter
here and stay another year or more in the US?’  Wow!  The point was that
traveling to the West, and especially to the US, was almost forbidden in
Poland."

Looking ahead, the Fall 1993 issue will focus on research activities in
the field of ferroelectrics presently pursued in Japan.  After that, the Winter
1993 issue will give an overview of the state of the art in Europe.

As always, we are pleased to hear from you and will do our best to
facilitate communication among the worldwide ferroelectric community.

Rudolf Panholzer
Editor-in-Chief
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DIELECTRIC PROPERTIES
OF FERROELECTRICS

Volume 135 Numbers 1 - 4
(1992) of Ferroelectrics, dedicated
to Prof. Arthur R. von Hippel,
contains the following invited and
contibuted papers on dielectric
properties of ferroelectrics:

--continued on page 3

Perovskites
Dielectric and Related Properties of
Fluorineoctahedra Ferroelectrics

S..C. Abrahams and J. Ravez

Dielectric Frequency Dispersion
Behavior in Flux Grown PbTiO3 Single
Crystals

X.H. Dai,  Z. Li, X.Z. Xu, S.K. Chan,
and D.J. Lam

Hyper-Raman Spectroscopy in Hexago-
nal Barium Titanate:  A Model Struc-
tural Phase Transition Induced by a
Nonpolar   Soft Phonon

K. Inoue, A. Hasegawa, J.
Kawamata, H. Yamaguchi, H. Uwe,
and T. Sakudo

Light Scattering Configuration Depen-
dence of the A1(z) Mode Raman Line
Shapes in Tetragonal BaTiO3

M..-S. Jang and K.-S. Yi

Raman Spectroscopy of Ordered and
Disordered PbIn1/2Nb1/2O3

A. Kania, K. Roleder, G.E. Kugel,
and M. Hafid

High Frequency Dielectric Relaxation
in BaTiO3 Derived Materials

S. Kazaoui, J. Ravez, C. Elissalde,
and M. Maglione

Raman Scattering and Relaxor Proper-
ties Investigations in Niobium Doped
Lead Zirconate Titanate PZT 97/3, 96/4,
95/5

M. Hafid, G.E. Kugel, J. Handerek,
and Z. Ujma

Ferroelectrics thin film memory
materials
Integrated Pb-Perovskite dielectrics for
Science and Technology

S.K. Dey

FERROELECTRICS' "VON HIPPEL" ISSUE

-- continued on page 3

SPECIAL ISSUE OF FERROELECTRICS ON
DIELECTRIC PROPERTIES OF FERROELECTRICS

On the occasion of Professor Arthur R. von Hippel's 94th birthday on
19 November 1992, a special issue of Ferroelectrics  (Vol. 135 Numbers 1 -
4, 1992) was published on dielectric properties of ferroelectrics.  In his
editorial, George W. Taylor says:

"The collection of personal reminiscences and invited and contributed
papers in this special issue of  Ferroelectrics is a fitting tribute to the long
and illustrious research career of Professor von Hippel in dielectric and
ferroelectric materials.

"Professor Arthur von Hippel has, through his writings and teachings,
been one of a handful of key educators to several generations of scientists
and engineers working in our field.  His personal and professional courage
during the terribly difficult decades of the 30's and 40's (reference Professor
Maurizo Vallauri's fine Biographical Notes, pp. 1 - 8 of this issue) are an
inspiration to us all."

As this special issue's guest editors Bozena Hilczer (Poznan, Poland),
Toshio Mitsui (Kawasaki, Japan), and V. Hugo Schmidt (Bozeman, Mon-
tana, USA) remark, Professor von Hippel's career "spans work in Germany,
Turkey, Denmark, and the United States, where he set up the famous Labora-
tory for Insulation Research at M.I.T.  He was a pioneer both in setting up an
interdisciplinary laboratory and in destroying the barrier between basic and
applied research."

Ferroelectrics
Volume 135 Numbers 1 - 4 (1992)

Tributes to Professor Arthur R. von Hippel

Biographical notes on Professor Arthur R. von Hippel
M. Vallauri

Professor Arthur R. von Hippel and Socrates' Maieutics
M. Vallauri

Some memories of the M.I.T. Laboratory for Insulation
Research

M. Vallauri
Personal reminiscences of the stay in the lab of Professor
Arthur R. von Hippel

F. Kaczmarek
Dedication to Professor Arthur R. von Hippel

S.C. Abrahams
Memories of Arthur von Hippel

R.E. Newnham
A tribute to Professor Arthur R. von Hippel

L.A. Shuvalov
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-- continued on page 4

DIELECTRIC PROPERTIES,
cont.

FERROELECTRICS' "VON HIPPEL" ISSUE

Chemical Etching of Thin Film PLZT
S. Mancha

Microstructure and Dielectric Quality
for Mn-Doped (Zr0.8Sn0.2)TiO4
Ceramics

Y. Fang, Z. Xu, A. Hu, and D.A.
Payne

Phase Stability and Dielectric Properties
of Ceramics in the Pb(Zn1/3Nb2/3)O3-
PbTiO3 Relaxor Ferroelectric System

A. Vierheilig, A. Safari, and A.
Halliyal

Dielectric Properties of Nonaged PLZT
8/65/35

G. Schmidt and U. Storbeck

Thickness Dependence of d.c. Leakage
Current in Lead Zirconate-Titanate
(PZT) Memories

B.M. Melnick, J.F. Scott, C.A. Paz
de Araujo, and L.D. McMillan

Hydrogen-Bonded Ferroelectrics
Infrared Reflection Spectroscopy in the
KDP Family:  Para-, Ferro-,
Antiferroelectrics, and Orientational
Classes

P. Simon

Impulsive Stimulated Scattering Study
of the Coupled Acoustic and Soft
Models in KD2PO4

T.P. Dougherty, M.R. Farrar, L.-T.
Cheng, Y.-X. Yan, G.P. Wiederrecht,
and K.A. Nelson

Possible ESR Evidence for Disorder of
Heavy Atoms in CsH2AsO4

P.K. Kahol

Endor Detection of Charge Density
Redistribution Accompanying the
Ferroelectric Transition in KH2PO4

B. Rakvin and N.S. Dalal

Anomalous Dielectric Behavior of
KH2PO4 Type Crystals in the Ferro-
electric Phase

E. Nakamura

Studies at the University of Göttingen
Arthur von Hippel obtained his doctorate at the Institute of Applied

Electricity of the University of Göttingen in 1924 for a thesis entitled "The
Theory and Investigation of the Thermomicrophone."  In his Biographical
Notes, Maurizio Vallauri points out that von Hippel "developed measuring
instrumentation for the design and testing of this device, on which he even
obtained a patent.  The exceptional qualities of the man and scientist were by
then emerging, blended together, and pointing toward a bright future."

Research and Teaching Activities at M.I.T.
In 1935 Professor von Hippel accepted an invitation by President Karl

Compton to join the Electrical Engineering Faculty at M.I.T. in Cambridge,
Massachusetts.  There he continued his studies of electrical breakdown in
gases and solids and with the participation of brilliant graduate students
pioneered research on the color centers in alkali-halide crystals and investi-
gated the initial stages of the electric breakdown in gases using Lichtenberg
figures.

Moving Into the Field of Applications
At the end of World War II Professor von Hippel decided to move from

materials research into molecular designing of materials and devices.  In his
autobiography he writes:

"In my early days in science, it was frequently maintained that a true
scientist should not think of applications of his work.  But new insights must
be tested in order to reveal the loopholes in our knowledge, and I became
convinced that scientists, engineers, manufacturers, and users of materials
should learn to speak each other's language and appreciate mutual prob-
lems, failures, and advances.  This was the driving impulse which led to the
Summer Session Courses of the Laboratory for Insulation Research at
M.I.T."

 Entering the tenth decade of his life, Arthur von Hippel reexamined his
early research on Lichtenberg figures in the light of his latest research
achievements and concluded, "Time has run out for this observer; old age
has called its halt.  But possibly some young scientist may be challenged by
the beauty of Lichtenberg figures to explore further the turbulent events
which transform insulators into conductors."

"VON HIPPEL" ISSUE --  continued from page 2
Papers from Asian, European, and North American Scientists

According to the guest editors, the excellent response to the request for
articles came in about equal numbers from Asian, European, and North
American scientists.  The first 20 pages of the issue are devoted to biographi-
cal pieces and reminiscences about Professor von Hippel including seven
black-and-white photographs.  Then follow the papers on perovskites and
their applications, materials for thin film memories, hydrogen-bonded
ferroelectrics, miscellaneous single-crystal ferroelectrics, dipole glasses,
ceramics, and polymers which exhibit spontaneous polarization.  The final
two sections of papers do not deal with specific materials but feature electro-
mechanical properties and measurement methods.
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DIELECTRIC PROPERTIES
cont.

-- Hannah Liebmann

Anisotropic Broadening of the Brillouin
Scattering Spectra of Hydrogenbonded
Ferroelectric PbHPO4

Z. Lu, T. Yagi, A. Sakai, K. Deguchi,
and E. Nakamura

Pressure-Temperature Phase Diagrams
of Betainearsenate, -Phosphate, and
-Phosphite

S. Launer, M. Le Maire, G. Schaack,
and S. Haussühl

Phase Transitions and Properties of
Mixed RbHSeO4-RbHSO4 Crystals

O. Cupinski, L. Sobczyk, and Z.
Czapla

Other Ferroelectric and
Ferroelastic Crystals
Dipolar and Higher Order Interactions
in Ferroelectric TSCC

G. Lifante, J.A. Gonzalo, and W.
Windsch

Ferroelastic Phase Transition in
(CH3NH3)3Bi2Br9 Single Crystal

M. Iwata and Y. Ishibashi

Structural Study of Phase Transitions in
the DSP-Type Ferroelectrics

K. Itoh

The Dielectric Behavior of KSCN
H. Kabelka, A. Fuith, H. Warhanek,
S. Kamba,  J. Petzelt, S.P. Lebedev,
and A.A. Volkov

A Double Well Oscillator Model for the
Ferroelectric Phase Transition in SbSI

J.W. Flocken, R.A. Guenther, J.R.
Hardy, and L.L. Boyer

Dipole Glasses
Raman Study of Rb1-x(NH4)xH2P1-
yAsyO4 Mixed Crystal:  Order Param-
eters in Competing and Frustrated
Interacctions

J.-J. Kim and H.-K. Shin

Dielectric Dispersion of the Dipolar
Glass K0.989Li0.011TaO3

F. Wickenhöfer, W. Kleemann, and
D. Rytz

-- continued on page 5

SURVEY OF PATENTS
IN THE FIELD OF FERROELECTRICITY

As anyone who has ever been involved in finding out about patents
might know, this undertaking can be quite an adventure.  When I started to
collect the following information, I was pleasantly surprised how knowledge-
able, efficient, and courteous every person I contacted was.

HOW TO CONDUCT A PATENT SEARCH
 The first surprise was that a human person and not a recorded message

responded to my initial inquiry.  Here is the address and phone number of the
first point of contact:

Office of Public Affairs
Commissioner of Patents and Trademarks
Washington DC 20231
Phone (703) 305-8341

The person at the Patent and Trademark Office informed me that the
patent depository library closest to Monterey, California, is located in
Sunnyvale, 1500 Partridge, phone (408) 730-7290.  When I called this
number, I again received concise information delivered in a friendly way,
including such frustration deterring tips as to arrive with plenty of $1 and $5
bills to feed the various money hungry microfilm and copying machines.

When I entered the patent library, I had no idea about the exact proce-
dure of a patent search.  I wondered how long it would take me to find out
what to do and in which sequence so as to optimize my time.  Again: sur-
prise!  There were not only handouts in different colors delineating each step
of a certain procedure but also librarians at hand who provided special
information not covered in the printed directions.

Patent Classification

Step 1 was to find the class and subclass numbers in the Index to U.S.
Patent Classification.  The class for patents in ferroelectrics is 365, the
subclasses are 65, 109, 117, and 145.

The next step involved using The Manual of Classification to determine
specific subclasses.  Armed with this information I consulted the Official
Gazette on microfilm to find a list of all the patent numbers granted under
class 365, subclasses listed above, since 1836.  I then printed the list of patent
numbers.

Official Gazette
At this point I took a shortcut.  If I had had to perform a complete patent

search, I would have had to check the numerous volumes of the Official
Gazette for a brief description of each patent.  This part of the search is
extremely time consuming.  The librarian told me that people spend whole
days, even weeks, checking these short summaries.  That particular afternoon
I have watched several teams of two people each,  one being the gopher, the
other perusing the summary, working with high concentration and consider-
able speed.  So I decided instead to make a computer printout of all the
patents in class 365, subclass 145 (called "system with particular element")
granted since 1969.

The following list, compiled on 6 April 1993, gives the patent number
and the patent title, which is truncated if it exceeds a certain length.  It does
not include patents granted during the last couple of months.

 PATENT SURVEY
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PATENT SURVEY

LIST OF PATENTS GRANTED SINCE 1969
3422400 Ferroelectric storage means
3423654 Bistable ferroelectric field effect device
3426255 Field effect transistor with a ferroelectric control gate layer
3434122 Multiremanence ferroelectric ceramic memory element
3435425 Storage device with readout system and having

photoconductors and . . .
3448437 Ceramic memory device
3451046 Electroelastic memory
3460103 Ferroelectric memory device
3462746 Ceramic ferroelectric memory device
3466618 Memory restore circuits for bistable multivibrators
3472776 Electrically stabilized ferroelectr. compositions of perovskite. .
3476951 Ferroelectric devices
3496553 Sintered-film ferroelectric memory line
3508213 Ferroelectric memory apparatus using the transcharger prin-

ciple of . . .
3510852 Ferroelectric storage capacitor matrices
3518634 Optical memory with photoactive memory element
3531779 Method for poling bismuth titanate
3535686 Ceramic memory system
3537079 Ferroelectric storage device
3543258 Encapsulated ceramic memory
3579208 Ceramic memory amplifier
3585610 Solid state memory and coding system
3585611 Ferroelectric semiconductor memory element
3586415 Light modulator element
3599185 Ferroelectric capacitor output amplifier detector
3623030 Semiconductor-ferroelectric memory device
3623031 Ferroelectric storage device using gadolinium molybdate
3651494 Ferroelectric synchronizing and integrating apparatus
3659270 Strain-biased fine grain ferroelectric ceramic devices for

optical . . .
3675220 Planar random access ferroelectric computer memory
3681765 Ferroelectric/photoconductor memory element
3681766 Ferroelectric/photoconductor storage device with an interface

layer . . .
3691535 Solid state memory array
3701121 Fine grain ferroelectric ceramic optical display device . . .
3701122 Ferroelectric domain shifting devices
3701585 Optical line scanner using the polarization properties of . . .
3710352 High speed-large storage capability electron beam accessed

memory . . .
3710353 Thermal capacitative-ferroelectric storage device
3735051 Digital information storage unit having parallel stores and a

control . . .
3740734 Coarse grain polycrystalline ferroelectric ceramic optical

memory
-- continued on page 6

 DIELECTRIC PROPERTIES
cont.Ceramics

Influence of Grain Boundary, Defect
and Internal Stress States on Properties
of Ferroelectric Materials

R.C. Buchanan, T.R. Armstrong, and
R.D. Roseman

Extremely Low Distortion Dielectric
Ceramics

Y. Ishikawa, H. Tamura, T.
Nishikawa, and K. Wakino

Piezoelectric Polymers
The Effects of Pressure on the ß
Molecular Relaxation and Phase
Transitions of the Ferroelectric Copoly-
mer P(VDF0.7TrFE0.3)

G.A. Samara and F. Bauer

Dielectric Relaxations in Copolymers of
Vinylidene Fluoride

T. Furukawa, Y. Tajitsu, X. Zhang,
and G.E. Johnson

Electrical Conductivity of Ferroelectric-
Polymer Composites

H. Amin, L.S. Balloomal, S.A.
Khairy, H.M. Osman, and S.S.
Ibrahim

Electromechanical Properties and
Behavior
Electrostriction and Polarization

V. Sundar, and R.E. Newnham

The Effectiveness of a Piezoelectric
Heterogeneous Bimorph to Perform
Mechanical Work Under Various
Constant Loading Conditions

J.G. Smits and W.-S. Choi

Experimental Techniques and
Applications
Studies on Electrical Second Harmonic
Generation and Tandel Effect in LiVO3
Doped with Gd2O3

A.P. Kashid, R.T. Patil, and N.B.
Patil

Thermally Stimulated Electron Emis-
sion from Charged Dielectric Surfaces

G. Rosenman

In cas you are interested in obtaining
the "von Hippel" issue, contact
Gordon and Breach Science Publishers
S.A, P.O. Box 786, Cooper Station,
New York, NY 10276 or STBS Ltd.,
P.O. Box 90, Reading Berkshire RG1
8JL, Great Britain
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-- continued on page 7 -- continued on page 7

                                          PATENT SURVEY

3745537 Memory elements utilizing gyroelectric substance and method
of . . .

3774174 Polarization and optical switching of quadristable ferroelectric
films

3798619 Piezoelectric transducer memory with nondestructive readout
3812575 Electret microphone
3820088 Ferroelectric memories and method of activating the same
3832700 Ferroelectric memory device
3859642 Random access memory array of hysteresis loop capacitors
3866189 Recording and playback device without moving parts
3868652 Multilayer ferroelectric optical memory system
3890604 Selective dipole orientation of individual volume elements of a

solid . . .
3936146 Irregular ferroelectric element for controllable single domain. .
3953109 Domain switching element
3958230 Arrangement including a piezo-ferroelectric body
3964033 Electrooptic storage device
3978458 Selectively erasable optical memory system utilizing a photo

excitable . . .
3990057 Ferroelectric analog memory device and method of operating

the same
4031525 Process for recording and reproduction of information in . . .
4075706 Surface wave devices for processing signals
4086124 Method of polarization of a ferroelectric material
4103341 Ferroelectric photovoltaic method and apparatus for transfer-

ring . . .
4144591 Memory transistor
4158201 Flat electrooptic display panel and method of using same
4161038 Complementary metal-ferroelectric semiconductor transistor

structure
4169258 One-third selection scheme for addressing a ferroelectric

matrix
4185322 Elimination of noise in the operation of a stress controlled

memory
4195355 Process for manufacturing a ferroelectric device and devices . .
4259728 Ferroelectric analog device
4262339 Ferroelectric digital device
4348611 Ferroelectric or pyroelectric sensor utilizing a sodium nitrite

layer
4360896 Write mode circuitry for photovoltaic ferroelectric memory

cell
4391901 Photosensitivity enhancement of PLZT ceramics by positive

ion . . .
4809225 Memory cell with volatile and nonvolatile portions having . . .
4853893 Data storage device and method of using a ferroelectric

capacitance

PATENTS SINCE 1969 --  continued from page 5

CONDENSED MATTER NEWS

Volume 2, Issue 2 (March/April
1993) of Condensed Matter News
lists abstracts of six  papers on
ferroelectrics.

The following papers will appear in
a forthcoming issue of Ferroelec-
trics:

Impurity Effect on the 14N NQR of
a Polycrystalline Ferroelectric NA1-
xKxNO2

L. Pang and M.A.Whitehead
Department of Chemistry, McGill
University, 801 Sherbrooke
Street West, Montreal, Quebec
H3A 2K6 Canada

To obtain copies of
Condensed Matter News

contact
Taina Fairclough

Circulation Manager
Gordon and Breach Science Pub-

lishers
 P.O. Box 90, Reading RG1 8JL UK

Thermoelectric Power of Undoped
and Aluminium Oxide Doped
Ferroelectric Potassium Vanadate
and Cesium Vanadate

S.P. Rasal, T.S. Magdum, D.V.
Pawar, and H.S. Chavan
Ferroelectrics Laboratory,  Dept.
of Physics, Shivaji  University,
Kolhapur 416 004  India

The Graphical Representation of
Multicomponent Systems of Com-
plex Perovskites

V.A. Isupov
A.F. Ioffe Physico-Technical In
stitute of the Russian Academy of
Science, 194021 St. Petersburg,
Russia
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                           PATENT SURVEY

CONDENSED MATTER
NEWS , cont.
Crystal Growth and Domain Struc-
ture Evolution

V.Ya. Shur and E.L. Rumyantsev
Ural State University, Lenin
Ave 51, 620083 Ekaterinburg,
Russia

The following papers will appear in
a forthcoming issue of Ferroelec-
trics Letters:

Optical Transmission Properties of
LiTaO3 Crystals

Wang Xu-Sheng, Gao Jin-Xiu,
and Tang Nan-An
Technical Physics Department,
Xidian University, Xi’an,
Shaanxi, 710071 China

Fluorescence Properties of Ho3+

Doped Fluorophosphate Glasses
A.V. Ranga Reddy, K.
Annapurna, A.S. Jacob, and S.
Buddhudu
Department of Physics, Sri
Venkateswara University,
Tirupati 517 502 India

Spring Conferences on
Ferroelectricity

In the same issue of Condesnsed
Matter News, Jan Fousek of the
Institute of Physics at the Czecho-
slovak Academy of Sciences in
Prague reports on the 20th Spring
Conference on Ferroelectricity
from 6 - 10 April 1992 in
Güntersberge, organized by the
Martin Luther University in Halle-
Wittenberg, Germany.

A limited number of the Proceed-
ings, edited by Günther Schmidt and
Georg Sorge, are available and can
be ordered by contacting:
Fachbereich Physik, MLU,
Friedemann-Bach-Platz 6
D-0-4020 Halle, Germany.

PATENTS SINCE 1969 --  continued from page 6

4860254 Nonvolatile electronic memory
4873664 Self-restoring ferroelectric memory
4888630 Floating-gate transistor with a nonlinear intergate dielectric
4888733 Nonvolatile memory cell and sensing method
4893272 Ferroelectric retention method
4910708 DRAM with programmable capacitance divider
4914627 One transistor memory cell with programmable capacitance

divider
4918654 SRAM with programmable capacitance divider
4945514 Method of bistable optical information storage using

antiferroelectric . . .
4974204 Nonvolatile programmable interconnection circuit
4995705 Device, method, and apparatus for optical modulation using. . .
4996667 Electron beam addressible recording device utilizing ferro-

electric . . .
5010518 Semiconductor memory device
5029128 Semiconductor memory device with ferroelectric capacitor

cells with a . . .
5031143 Preamplifier for ferroelectric memory device sense amplifier
5031144 Ferroelectric memory with nondestructive readout including

grid . . .
5038323 Nonvolatile memory cell with ferroelectric capacitor having

logically . . .
5046043 Ferroelectr. capacitor and memory cell including barrier and. .
5060191 Ferroelectric memory
5063539 Ferroelectric memory with diode isolation
5070026 Process of making a ferroelectric electronic component and

product
5070385 Ferroelectric nonvolatile variable resistive element
5086412 Sense amplifier and method for ferroelectric memory
5099305 Platinum capacitor MOS memory having lattice matched PZT
5109357 DRAM memory cell and method of operation thereof for

transferring . . .
5119329 Memory cell based on ferroelectric nonvolatile variable resis-

tive . . .
5121353 Ferroelectric capacitor memory circuit MOS setting and

transmission
5136534 Method and apparatus for a filament channel pass gate ferro-

electric . . .
5140548 Ferroelectric space charge capacitor memory
5146299 Ferroelectric thin film material, method of deposition, and

devices
5151877 Ferroelectric space charge capacitor memory system
5155573 Ferroelectric capacitor and a semiconductor device having the

same . . .
5155658 Crystallographically aligned ferroelectric films usable in

memories
5164808 Platinum electrode structure for use in conjuction with ferro-

electric . . .
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-- continued on page 9

PATENT SURVEY

RAMTRON PATENT HOLDINGS AS OF 5 MAY 1993

Short Patent Title Patent No. Issue Date Country of Issue

1.   Series FE Capacitor Structures 5,206,788 4/27/93 US
A ferroelectric capacitor prevents a random defect from propagating through the entire structure of a memory de-
vice by having a series of ferroelectric/dielectric and intermediate electrode layers established sequentially on a
bottom electrode.

2. Pd as Adhesion Layer & Electrode 5,191,510 3/2/93 US
Palladium is used as an adhesion layer in a ferroelectric memory cell.  In one embodiment, a ferroelectric capaci-
tor used in the memory cell includes a substrate, a silicon dioxide layer, a palladium adhesion layer, a bottom
electrode of platinum, a metal, the ferroelectric material, and a top electrode of platinum or metal.

3. Diffusion Barrier  5,170,242 12/8/92 US
An integrated circuit structure has a doped substrate, a metallic silicide layer over the substrate, and a reaction bar-
rier formed by implanting at least one ionic species in an interface in the silicide layer adjacent to the substrate.  A
metal layer and a second reaction layer can be located above the silicide layer.

4. Stacked Capacitor Structure 5,162,890 11/10/92 US
A capacitor arrangement for an IC uses a stick of insulation at a substantially vertical sidewall formed of a central
capacitor plate, dielectric, and an upper capacitor plate.  A conductive layer extends from the upper plate, over the
insulation stick, to the bottom of the step and couples the upper plate to a member at the bottom of the step
without shorting to the central plate.

5. Electrode Layers for FE Capacitor  5,142,437 8/25/92 US
A ferroelectric capacitor and method for forming the same using a configuration of layers of noble metal,
conducting oxide layer, and a ferroelectric layer are disclosed.

6. Current Supply 5,134,310  7/28/92 US
A constant current power supply for driving a high capacitance load, such as sense amplifiers in an IC memory
chip, achieves a constant current equilibrium that is largely independent of operating voltage or load.

7. Reference Generator  5,117,177 5/26/92 US
A voltage reference generator for an IC produces a reference voltage that is self-compensated for variations in  op-
erating voltage and transistor threshold voltages.

8. Charge Magnified DRAM Cell  5,109,357 4/28/92 US
In a DRAM, volatile memory cells use capacitors having a ferroelectric dielectric configured to promote the
development of additional charge on the capacitor through DRAM refreshing operations (by the movement of
dipoles of the ferroelectric).

9. Self-Aligned Contact Process  5,104,822 4/14/92 US
A method of making contact between one region and an underlying region in an IC includes the steps of forming a

step having a sidewall, providing an insulation

10. Trench Capacitor
A trench capacitor arrangement for a DRAM is disclosed in which the active plate is coupled to a pass transistor.
The active plate is spaced from the trench walls by the capacitor dielectric, the other plate, and an insulation layer
between the other plate and the trench wall.  The other plate is kept at a reference potential so that it is used as a
field shield.
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-- continued on page 10

PATENT SURVEY

stick on that sidewall, and further processing steps.

RAMTRON PATENT HOLDINGS --  continued from page 8

Short Patent Title Patent No. Issue Date Country of Issue

11. Sealed Self-Aligned Contact Using Two Nitrides  5,043,790 8/27/92 US
Improved step coverage in a contact without changing underlying design rules is achieved by combining a conduc-
tive nitride layer at the bottom of the contact with a dielectric layer that joins the conductive nitride to seal another
electrode beside the contact.  The contact opening is formed in a thick dielectric that overlies the dielectric layer and
is wider than the contact area.

12. Monolithic Ferroelectric Integrated Circuit 5,024,964 6/18/92 US
A method for making a monolithic ferroelectric memory device IC is directed broadly to forming interconnects
coupled to the IC, depositing a dielectric, forming interconnect and bonding pad vias, depositing a conductive layer
(bottom electrode), applying a ferroelectric layer, depositing another conductive layer (top electrode), and applying
a conductive material to the bonding and interconnect pads.

13. Electrode Structures  5,005,102 4/2/92 US
An IC capacitor is disclosed wherein one of the electrodes of the capacitor includes a plate layer adjacent to the
dielectric and a further layer comprised of a titanium layer and a titanium nitride or conductive oxide layer.

14. SRAM with Programmable Capacitance Divider 4,918,654 4/17/92 US
An SRAM memory cell is disclosed that includes two ferroelectric capacitance dividers for nonvolatile storage for
the two internal nodes of the flip-flop forming the SRAM volatile cell.

15. Memory Cell with Programmable Capacitance Divider  4,914,627 4/3/90 US
Another application of the ferroelectric capacitance divider is disclosed that combines the divider with a transistor
to form a memory cell.

16. DRAM with Programmable Capacitance Divider 4,910,708 3/20/90 US
A ferroelectric capacitance divider is used as the nonvolatile portion of a DRAM memory cell.

17. Ferroelectric Retention 4,893,272 1/9/90 US
Ferroelectric retention is improved in this method of operating a ferroelectric capacitor.  A write pulse is generated
and coupled to a first capacitor electrode via a switching device.  The pulse is then disconnected from the electrode
by opening the switching device prior to terminating the write pulse.

18. 2T Cell and Read Method 4,888,733 12/19/89 US
A nonvolatile memory cell has a ferroelectric capacitor coupled to bit lines by two transistors, one on each side of
the capacitor.  The cell is read by pulsing the capacitor one way, then the other, storing developed charge at tempo-
rary storage devices and comparing voltages.

19. Self-Restoring Ferroelectric Memory 4,873,664 10/10/89 US
A method for reading data from a nonvolatile ferroelectric memory and restoring the ferroelectric capacitor to its
original state is disclosed.

20. Programmable Capacitance Divider 4,853,893 8/1/89 US
A method for nonvolatile storage and retrieval of data uses a capacitance divider formed of two ferroelectric
capacitors having a common node.

21. Shadow RAM  4,809,225 2/28/89 US
A memory cell has ferroelectric capacitors used for nonvolatile backup; the capacitors are sequentially polarized.

22 Smart Watch 4,800,543 1/24/89 US
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A time piece is combined with a memory, communication circuit, and transmitter.  Data is sent to a nearby
receiver
RAMTRON PATENT HOLDINGS --  continued from page 9

Short Patent Title Patent No. Issue Date Country of Issue

that is coupled to a key pad.  A personal identification number can be compared with data in the memory.  A
method of performing a transaction using the device is also claimed.

23. Ion Beam Method 4,713,157 12/15/87 US
A ferroelectric material is deposited by ion beam techniques using a target bed that ejects ferroelectric material
from the bed onto the substrate.   A method of forming the support member with a recess is also claimed.

24. Monolithic Memory  4,707,897 11/24/87 US
A monolithic semiconductor IC and ferroelectric memory device is made by forming interconnects on the surface
of the circuit, depositing a nonsemiconductor dielectric and cutting interconnect and bonding pad vias, depositing
a conductive layer (bottom electrode), depositing a second nonsemiconductor dielectric and forming vias,
applying a ferroelectric material, filling in imperfections with insulative material, and applying conductive
material to the bonding and interconnect pads.

25. Ferroelectric Devices 4,195,355 3/25/80 US
A process for manufacturing a ferroelectric device having the steps of forming an electrical contact, forming by
vapor deposition in a vacuum a stable thin film of potassium nitrate, relieving the vacuum to one atmosphere of
pressure with a dry gas, reapplying the vacuum, forming a second electrical contact, vacuum depositing silicon
monoxide and heating.

Foreign Equivalent Issued Patents
26 Integrated Ferroelectric Capacitor 622,317 5/1/90 Australia
27. 2T Cell and Read Method 595,147 3/1/89  Australia
28. Smart Watch 599,523 12/1/88 Australia
29. Charged Magnified DRAM Cell 598,962 11/23/88 Australia
30. Ferroelectric Retention 594,587 9/29/88 Australia
31. Programmable Capacitance Divider 600,370 7/1/88 Australia
32. Shadow RAM  588,505 5/4/88 Australia
33. Self-Restoring Ferroelectric Memory 581,820 9/7/87 Australia
34. Ion Beam Method  577,953 5/8/86 Australia
35. Trench Metal, Single Cell  588,856 1/24/86  Australia
36. Stable Potassium Nitrate 1,023,133 2/17/76 Canada
37. Ferroelectric Devices 1,380,979 3/25/80 Japan

Pending Foreign Patent Applications Based on Issued US Patents
The majority of the issued United States patents have equivalent applications filed in the Japanese and European
patent offices.  In each of the European applications, several countries have been elected for eventual perfection of the
patent grant.  The “Ferroelectric Devices” application has issued in Japan; other applications in Japan and Europe
have been allowed, but are not yet issued.

Pending US Patents and their Foreign Equivalent Applications
Ramtron has 26 pending United States applications relating to ferroelectric devices and associated semiconductor
devices and metallization (15), circuits (3), and processes (7), as well as a pending application on an enhanced
DRAM.  The majority of these applications have also been filed in the Japanese and European patent offices.  In each

of the European applications, several countries have been elected for eventual perfection of the patent grant.
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UPCOMING MEETINGS

Ninth American Conference on Crystal Growth (ACCG-9)
1 - 6 August 1993, Hyatt Regency Inner Harbor, Baltimore, Maryland

Scope
ACCG-9 will provide a forum for the reporting of scientific advances and the exchange of information on all aspects of crystal
growth, characterization, and applications.
Topics
Crystal growth fundamentals, optical materials, thin film epitaxy, bulk growth, and new  materials and techniques.
Sponsor and Organizers
American Association for Crystal Growth;  V.J. Fratello and M.A. DiGuiseppe, Conference Chairs;  R.N. Andrews and E.A.
Giess, Program Chairs
Contact
J.C. Jacco, Philips Components, 5083 Kings Highway, Saugerties, NY 12477, (914) 246-2811

First Symposium on High Permittivity Materials at the Electromechanical Society Meeting
10 - 15 October 1993, New Orleans, Louisiana

Scope
This symposium will focus on the deposition, characterization, and integration of high permittivity materials for integrated
circuits, with an emphasis on high density DRAMs.  Papers will discuss the use of Ta

2
O

5
, TiO

2
, Y

2
O

3
, and high permittivity thin

film ferroelectrics, such as (Ba,Sr)Ti
3 
and (Pb,Zr)TiO

3
.

Contact
B. Gnade, Central Res. Labs., Texas Inst., Inc., M/S 147, Dallas, TX 75265, Fax (214) 995-7735
J. Chapple-Sokol, Z/47A, IBM Corporation, 1580 Route 52, Hopewell Jct., NY 12533-6531, Fax (914) 892-6399
A. Kingon, North Carolina State Univ., Dept. of MS&E, PO Box 7919, Raleigh, NC 27695-7907, Fax (919) 515-3419
P. Fazan, Micron Technology Inc., R&D Dept., 2805 E. Columbia Rd., Boise, ID 83706, Fax (208) 368-4645

The 1993 Fall Meeting of the Materials Research Society
Symposium B: Mechanism of Thin Film Evolution

29 Nov - 3 Dec 1993, Boston Marriott and Westin Hotel Copley Place, Boston, Massachusetts
Scope
Basic atomistic growth processes and surface diffusion, nucleation in heteroepitaxy, thermodynamic and kinetic bases for orienta-
tion selection, influenece of steps and surface topography, roughening processes during growth, epitaxial growth modes and
islanding, stress effects on thin film growth, coarsening processes in single crystalline and polycrystalline growth, development of
texture, applications of microstructural control to technological problems.
Contact
S.M. Yalisova, Dept. of Material Science & Engineering, Univ. of Michigan, 2300 Hayward St., Ann Arbor, MI 48109-2136,
Phone (313) 764-4346, Fax (313) 763-4788
C.V. Thompson, Dept. of Material Science & Engineering, M.I.T. Room 13-5069, 77 Massachusetts Ave., Cambridge, MA
02139, Phone (617) 253-7652, Fax (617) 258-6749
D.J. Eaglesham, AT&T Bell Laboratories, 600 Mountain Ave., Murray Hills, NJ 07974, Phone (908) 582-3768, Fax (908) 582-
4228

6th International Symposium on Integrated Ferroelectrics - ISIF 94
14 - 16 March 1994, Hyatt Regency Monterey, Monterey California

Scope
Ferroelectric memories, ferroelectric and pyroelectric CCDs, high dielectric constant materials for ULSI DRAMs, integrated
optics,  storage, radiation-related subjects such as radiation hardness, fundamental properties, process and substrates, process
integration, new devices and architecture, device modeling, materials processing and integration, supporting circuitry and applica-
tions, ferroelectric ASICs, smart tags and RF ID devices, sensors and actuators, neural networks, bypass capacitors, GaAs/
ferroelectric devices, reliability, and applications and new products.

Deadline for Abstracts --  1 October 1993
Sponsors and Organizers -- DARPA, Naval Postgraduate School, Office of Naval Research, University of Colorado at Colorado
Springs;  R. Panholzer and C.A. Paz de Araujo
Contact
A.S. Miller, Univ. of Colorado at Colorado Springs, PO Box 7150, Colorado Springs, CO 80933-7150,
Phone (719) 593-3488, Fax (719) 594-4257
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SPACE SYSTEMS ACADEMIC GROUP
CODE SP
NAVAL POSTGRADUATE SCHOOL
MONTEREY, CA 93943

CALENDAR OF EVENTS

1993
August

1 - 6 • Ninth American Conference on Crystal Growth, Baltimore, MD (see p. 11).
8 - 13 • The Eighth International Meeting on Ferroelectricity, Gaithersburg, MD (see Ferroelectricity Newsletter,

Vol.1, No.1,  p. 10)

September
5 - 6 • Anglo-Dutch Meeting on Application of Theory to Industrial Crystallization and Thin Film Epitaxy,

University of East Englia, Norwich, England.  Contact: K.J. Roberts, Dept. of Pure & Applied Chemis-
try, University of Strathclyde, Glasgow, England.  Phone 44-41-552-4400, Fax 44-41-552-5664

13 - 18 • 2nd International Conference on Magnetoelectric Interaction Phenomena in Crystals, Monte
Verita, Ascona, Switzerland (see Ferroelectricity Newsletter, Vol.1, No.1,  p. 11)

28 - 1 Oct • Fourth International Conference on Ferroelectric Liquid Crystals, Tokyo, Japan (see Ferroelectricity
Newsletter, Vol.1, No.1, p. 9)

October
10 - 15 • First Symposium on High Permittivity Materials at the Electrochemical Society Meeting, New Orleans,

LA (see p. 11)

November
7 - 10 • The 1993 PAC RIM Meeting of the American Ceramics Society, Honolulu, HI:  International

Symposium on Ferroelectric Thin Films.  Contact Isabel K. Lloyd, University of Maryland,
Materials & Nuclear Engineering, College Park, MD 20742-2115;  Phone (301) 405-5221,
Fax (301) 314-9467

29 - 3 Dec • MRS Fall 1993 Meeting, Boston, MA (see p. 11)

1994
March
14 - 16 • 6th International Symposium on Integrated Ferroelectrics, Monterey, CA (see p.11)

April
11 - 15 • MRS Spring 1994 Meeting

24 - 28 • American Ceramics Society Meeting, Indianapolis, IN


