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THE 1988 JAPAN PRIZE

Sandy Kawano

F ive doctors, crusaders against smallpox Dr. Donald A. Henderson, as the

andAIDS, andaFrenchnuclearphtysi- first chief medical officer of the World
cist who established /at breeder reactor Health Organization (WHO) World
technology are this years winners of the Smallpox Eradication Office, dedicated his
Japan Prize. efforts to the development of group vacci-

nation programs and contributed to it, his-
torical success through the worldwide erad-

On Thursday, February 4, the ication of smallpox.
Science and Technology Foundation of Dr. Henderson received an A.B. in
Japan atinounced the winners of the 1988 1950from Oberlin College, an M.D. in 1954
Japan Prize. The Japan Prize was estab- from the University of Rochester, and an
lished in 1985 !o deepen thc understanding M.P.H. in 1960 from Johns Hopkins
of the role playcd by science and technology University, School of Hygiene and Public
in furthering world peace and prosperity. Health. His professional career began in
Drs. Donald Henderson of the United 1955, after his internship. From 1955 to
States, Isao Arita of Japan, and Frank 1966 he was responsible for epidemiologi-
Fenner of Australia were cited for their cal surveillance at the Center for Disease
efforts in the eradication of smallpox, a Control in Atlanta, GA. From 1967 to 1970
disease that plagued manki" 1 for 30 he was the chief medical officer for small-

centuries. Drs. Robert C. Gailo of the pox eradicatioi for the World Health
United States and Luc Montagnier of Organization in Geneva, Switzerland. In
France won the prize for their respective 1977 he was appointed dean of the School of

research in identifying and developing tests Hygiene and Public Health at Johns

for the Human Immunodeficiency Virus Hopkins University.
(HIV), the AIDS pathogen. These five Dr. Henderson has been honored

doctors shared the Japan Prize in the cate- with many awards including the Albert

goryof Preventative Medicine. In the cate- Schweitzer International Prize for

goryof Energy Technology, French scientist Medicine (1985) and the National Medal of

Dr. Georges Vendryes was honored for his Science (1986).
work in establishing fast breeder reactor Dr. Isao Arita, as the second chief

technology, deemed by many to be medical officer of the WHO World
mankind's best energy hope of the future. Smallpox Eradication Office, established
This year marks the first time a Japanese basic disease control knowledge and per-
has been chosen as a prize winner, and it is formed epidemiological analyses as well as
also the first time awards were made to surveys and research into vaccine quality
French and Australian scientists. improvement.
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Dr. Arita received an M.D. in 1949 school in 1967. From 1973-79 he served as
and a Doctorate in Medicine in 1957 from director of the Centre for Resource and
the University of Kumamoto, Japan. From Environmental Studies. Currently Dr.
1957 to 1958 he studied communicable Fenner is president of the Institute of
disease control in Denmark, the Federal Resources and Environment.
Republic of Germany, the Netherlands, Dr. Fenner's awards iiclude the
Switzerland, and the United Kingdom. ANZAAS Medal (1980) and the ANZAC

Dr. Arita began his professional Peace Prize (1980).
career with the Public Health Bureau, Dr. Luc Montagnier, as leader of the
Ministry of Health and Welfare, Japan, joint research staff at the Pasteur Institute
where he served as epidemiologist from in 1983, became the first researcher in the
1950 to 1962. From 1962 until 1985 he world to discover HIV, the pathogen behind
worked for the World Health Organization AIDS, thus launching the start of genuine
in various capacities. From 1962 until 1964 HIV research. He also developed practical
he was a medical officer at the WHO blood serum diagnostic methods for the
Regional Office in Brazzaville, Africa. establishment of basic preventative
From 1964 until 1967 he was a medical countermeasures.
officer in the Virus Program at WHO Dr. Montagnier received a B.Sc. in
Headquarters, Geneva. In 1967 he trans- 1955 from Poitiers and Paris and a
ferred to the Smallpox Eradication Pro- Doctorate in Medicine in 1960 from Paris.
gram, where he became chief medical offi- In 1955 he joined the staff of the Paris
cer in 1977. In 1985 he assumed his present University of Sciences as an assistant
position of director of Kumamoto National professor. From 1960 Dr. Montagnier has
Hospita!. held various positions with the National

Dr. Arita's major awards include the Center for Scientific Research, including
Fourth Ohyama Health Award (1978) and head of research (1967), director of
the Asahi Award of Science (1981). research (1974), and chief of the Associated

Dr. Frank Fenner, as the chairman Research Unit UAl157 (1984). Inaddition
of the WHO Smallpox Eradication Surveil- to his work with the National Center for
lance Committee, supervised implementa- Scientific Research, Dr. Montagnier has
tion of the global smallpox eradication also been associated with the Pasteur
program. His consistent efforts greatly Institute since 1972, first serving as chief of
contributed to its success. the Viral Oncology Division (1972) then as

Dr. Fenner is a graduate of the head of the Virology Branch (1982-85).
University of Adeleide in Australia. He Currently he is chief of the Department of
studied virology at the Department of Virus Tumors.
Microbiology, Australian National Dr. Montagnier has received
Univeraity, under Professor Burnet. From numerous prizes and awards including the
1967 he has held various positions with the Chevalier of the Legion of Honor (1984)
Australian National University. From and the Albert Lasker Prize (1986).
1949-67 he was professor of microbiology at Dr. Robert C. Gallo, lead-ng his own
the John Curtin School of Medical independent research group, established a
Research, assuming the directorship ofthat method of culturing human T cells and
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succeeded in isolating the HIV virus, fast breeder reactor development. His
making a major contribution to analysis of work led to the successful completion of
its relationship with AIDS. He is also a "Super Phoenix," the world's first large-
pioneer in the research and development of scale test breeder, establishing practical
AZT, the most effective AIDS treatment technologies for a solution to mankind's
thus far, as well as in the effort to manifest energy problem in the future.
a virus gene and realize an AIDS vaccine. Dr. Vendryes received an M.S.

Dr. Gallo received a B.A. in biology degree in 1942 from Ecole Polytechnique
in 1959 from Providence College and an and a Doctorate in Physics in 1951 from
M.D. in 1963 from Jefferson Medical Paris University. From 1952 until the
College. He has received numerous present he has served in various positions
honorary D.Sc. degrees from all over the with the Commissariat a l'Energie
world from such institutions as Providence Atomique. From 1952-59 he was chief then
College; Thomas Jefferson University; the head of the Experimental Neutronics
School of Medicine and Dentistry, Branch, from 1959-71 he was head of the
University of Rochester; the University of Physics Research Department, from 1971-
Turin, Italy; and the University of Tel Aviv, 74 he was directorof the Division of Nuclear
Israel (D.Ph.). Reactors Research and Development, from

After completing his internship and 1974-85 he was managing director then vice
residency in 1965, he joined the staff of the president of Industrial Nuclear Applica-
National Cancer Institute in Bethesda, MD. tions, and in 1985 he wac appointed scien-
From 1965-68 he was a clinical associate in tific advisor to the president.
the Medical Branch, from 1968-69 he was a Dr. Vendryes has received many
senior investigator in the Human Tumor awards and honors throughout his career
Cell Biology Branch. from 1969-72 he was including the Enrico Fermi Award from the
head of the Section on Cellular Control U.S. Government (1984) and Grand
Mechanisms in the same branch, and from Officer, I'Ordre du Merite National (1985).
1972 until the present he has been chief of This year's Japan Prize winners join
the Laboratory of Tumor Cell Biology. the ranks of past distinguished recipients

Dr. Gallo's major awards and who have all strived through their research
honors include the American Cancer and accomplishments to improve the
Society's Medal of Honor (1983), the Third quality of life for all mankind.
Armand Hammer Prize for Cancer
Research (1985), and the Albert Lasker Sand, Kawano is the editor of the
Clinical Medical Research Award (1986). Scientific Infornation Bulletin. Before

The sole recipient in the category of coining to Japan, she worked for the Naval
Energy Technology, Dr. Georges Vendryes Civil Engineering Laboratory, Port
has been honored for his contribution to the Hueneme, CA, as a technical writer-editor.
establishment of the fundamentals of She has a Bachelor of Arts degree in Liberal
nuclear power design and the promotion of Studies from California State University,

Northridge.
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GROWTH OF LOW RESISTIVITY
I-VI CRYSTALS AT THE
TOKYO INSTITUTE OF TECHNOLOGY

George B. Wright

T he possibility of using wide bandgap GE, IBM, and MIT Lincoln Laboratory.
semiconductors, particularly the IW-VI More recently, with the introduction of

compounds, for optoelectronic devices is a GaAs-AlAs superlattices at Bell Labs and
goal that has eluded workers for three IBM, very high speed field effect transistors
decades, primarily because of the inability (FET) have been fabricated from GaAs and
to develop low resistivity materials of both named high electron mobility transistors
n-tYpe and p-type conductivity. The (HEMT) by the Fujitsu group that first
physical reasons behind this problem, the introduced them. Very successful and
models that were employed to analyze it, sophisticated laser engineering is now pos-
and recent breakthroughs in solving the sible using a wide variety of III-V materials
problem are the subject of this article, and structures (Ref 1). Japan is a world
Possibilities for future developments are leader in its vigorous pursuit of this impor-
suggested. tant field, and the prospect of important

_J markets has supported heavy investments
in the improvement of growth techniques

INTRODUCION for bulk crystals of GaAs, which will serve as
substrate material.,, for .ompound sewicon-

Soon after the discoverv of transistor ductor uevices and integrated circuits
action in germanium and its extension to (Ref 2).
silicon, both elemental semiconductors In the II-VI family, by contrast, vir-
crystallizing in thc diamo 4 ,tjctmre, it was tually the only successful device application
realized that there are compound semicon- has been the iniiared oictcct,,. 6cvchlopcd
ductors, such as GaAs, crystallizing in the in the HgCdTe alloy system. It has been a
closely related zincblende structure, whose struggle of two decades to make these work.
bulk properties seemed to offer high prom- and there are still problems with material
ise for application in improved devices. In instability. The more general goal of usirit
fact it has proven remarkably difficult to the l1-Vis to provide wide bandgap, short
make Nature deliver on that promise. wavelength optoelectronic devices has not

Within the zincblende clan, there been achieved, and the reason is not far to
are two prominent families, the III-Vs, seek. To make an efficient semiconductor
exemplified by GaAs and its siblings, and light emitting diode (LED) or laser, one
the lI-Vis, represented, for example, by needs low electrical resistance material of
ZnSe and HgTe. A spectacular III-V device both n-type and p-type, and these have not
success in the early 1960s was the achieve- been available in II-VI compound semicon-
ment of semiconductor injection laser oper- ductors. The reasons behind this problem,
ation in (aAs, simultaneously by groups at and a recent research breakthrough at the
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Tokyo Institute of Technology that provides structure, which is composed of two inter-
a solution to the problem, will be the sub- penetrating, face-centered cubic lattices so
jects of this article, arranged relative to one another that each

atom on one sublattice is surrounded by
THE DIAMOND, ZINCBLENDE, four atoms on the second sublattice in a
CHALCOPYRITE SEMICONDUCTOR tetrahedral symmetry. This geometry is
FAMILY shown in Figure Ia. There are two atoms in

the unit cell, and each atom has four (IV)
To understand the problem with valence electrons, so there are eight valence

II-VI compounds, we need first to review a electrons in each unit cell. The elements
little semiconductor physics. Germanium with foui valence electrons aie shown in
and silicon crystallize in the diamond column IV of the Periodic Table inset in

Figure 1.

I I lIii I U U- I VI

FACE E Na Mg Al Si P ; Cl
ECu Zn 6a (Jo As Se Br

I ,--. UBIC Ag Cd In Sri Sb TellI
CRYSTfl Au H I

,. -L -------

I. AMONl Z INCBI-ENDE CJIA LCOPYR I TI

IU--LU Ill U, I 1--U! I I IU-U 2 , I- IlI-UI 2

44. 1,r  .'1

4 3 :3 ,

(a) Diamond. (b) Zincblcndc. (c) Chalcopyritc.

Fi!uj;. I The di ,mend, "incblcn&, chalcopyritc family of crystals.

ONRFE SCI INFO BUL 13 (2) 88 6



To derive the zincblende structure, important new feature in these compounds
we replace the atoms on sublattice Awith an is that the symmetry of an atomic site is n
element from column III (three valence longer tetrahedral; we have introduced
electrons) and the atoms on sublattice B "chemical symmetry breaking" with impor-
with elements from column V (five valence tant consequences for the nonlinear optical
electrons). This symmetrical move away properties, to which we shall return later.
from column IV elements preserves a count
of eight valence electrons per unit cell. Now SHALLOW DONORS AND
because the atoms on the twosublattices are ACCEPTORS IN SEMICONDUCI'ORS
different, the bonds between the atoms
become polar but retain some of their pre- Inagermanium crystal, if we replace
vious homopolar character. The energygap one atom with an arsenic impurity atom,
increases andbecomesadirectgapformost there is an extra electron present that is
members of the family, in contrast to the weakly bound to the arsenic atom at low
indirect gap of silicon and germanium. This temperatures, but it breaks free at elevated
makes for greater optical transition proba- temperatures and "donates" itself to con-
bilitv and makes semiconductor lasers pos- tribute to the electrical conductivity of the
sible. We could have substituted column II crystal. The impurity is called a "donor'
atoms onsUblattice A and column VI atoms and can be modeled as a hydrogen atom
on sublattice B, which would have given a immersed in the dielectric medium of the
still wider energy gap and a more polar crystal with the effective mass of the ger-
bond. These are the I-VI compounds, manium conduction band. The binding
which crystallize in the zinchlende structure energy is very much reduced below that of
(Figure lb) and in a hexagonal form, thehvdrogenatoni inavacuum, so wespeak
wurzitewhich is not shown in Figure 1. The of a "shallow'' impurity. If the impurity had
atomic coordination is still tetrahedral, and been gallium, there would have been a
there is onlvone typc of bond.the A-Bbond. deficienc\ of on electron, which leads to a
As we move symmetrically from ger- "hole" in the valencc band, associated w;li
manium to gallium arsenide to zinc the "acceptor impurity. This leads to
selenide, the crystal becomes more ionic "p-type "cmductivitv (po'itive type). coll-
ahd the energygap increases, but the lattice pared with the "n-typc conductivitv asso-
constant changes very little. ciated with donorrs. The conductivity i

Finally, in a II-VI compound, we can proportional t tho number ot e\cess clc-
take the A sublattice and subdivide it svm- trons or hole- piesent, and the solutiilt
metrically between atoms from column I 1i,,is fo; impurities may be in the range of
and atoms from column III to obtain the 10'" to l0>/cm'. If we put about 10cm'
chalcopyrite sIructure shown in Figure lc. acceptor atoms into a ZnSe cr-ystal, xwe
We have to double the unit cell in the would expect a coiiductivitV Of about one
process, and the composition becomes reciprocalI -cm. Instead, conductiviticst'1(
I-III-VI 2, which maintains the same average 12 orders of magnitude less have otten been
electron concentration as before. We could observed! This failure to obtain reasonable
have done the same procedure on a Il1-V p-type conductivity has been a major
crystal to obtain a Il-IV-V chalcopyrite. An impediment to using the Il-VI compounds

in devices.

ONRFE SCI INFO BUL 13 (2) 88 7



SELF-COMPENSATION impurity acceptor if the energy required to
form the defect is less than the energy given

A reduction of p-type conductivity in up by moving the electron from the donor to
a crystal doped with acceptor impurities the acceptor, namely, the energy gap of the
occurs if there are also donors present. host semiconductor. Another type of self-
Then the electrons from the donors simply compensation has been postulated in the
cancel the holes from the acceptors. This case of lithium impurities in zinc selenide
cancellation is termed "compensation." (Ref 4). There it was proposed that iJ
This compensation commonly occurs substituted for a host atom was an acceptor,
because there are residual donor impurities while interstitial Li was a donor, so the self-
present in even the purest chemical mate- compensation would occur by movement of
rials used to prepare the crystal, but usually the lithium atom from a substitutional site
the compensation due to this cause can be to an interstitial one, followed by a tranfer
reduced far below the intentional doping of the resultant donor electron to a substitu-
level of the acceptors. A more difficult case tional acceptor. The energy arguments
to deal with is"self-compensation," which is were unchanged. It should be noted that
illustrated in Figure 2. It has been known for compensation to one part in ten thousand
a long time (Ref 3) that a vacancy or inter- most probably involves deep donors as well
stitial atom in the host crystal may act as a as shallow donors. This is an issue well
donor. This is termed a "native" defect studied in the case of "semi-insulating"
donor because it is not a chemical impurity, gallium arsenide and is discussed in the
We show in Figure 2 that a native defect Appendix.
donor can form to compensate a chemical

_F I F- COMPFNSOfl I UN I N W IJ-)[ BArNl)(;P SL I C ONI K. ORS

CONDIIC T ION GONIJI ICI ION CONDUCT ION
POND _I NrDI __. BAND

na t ive 0- native o--
defect dofoct ()
donior donor

c/ ONIZfII ON

-0- shall low acceptor -0- 5,haII ow acc~pLor .->- , low a:cept or
- -- ---- .-UENFC JAI.FNC[_ VA~LENCE

SELF-COMPENSATION MAY OCCUR WHEN THE BANDGAP ENERGY IS GREATER
THAN THE ENERGY REQUIRED TO FORM THE COMPENSATING NATIVE DEFECT

Figure 2. Self-compcnsation in wide handgap semiconductors.
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These self-compensatioa argu- lattice constant of 5.6533 differs frm that
ments, proceeding from equilibrium of ZnSe (5.687 A) by only 0.27 percent.
thermodynamics, seemed rather over- Experiments using MOCVD growth with
whelmingly conclusive against the possibil- dimethylzinc (DMZn) and diethylselenide
ity of exploiting II-VI compounds in useful (DESe) and a substrate growth tempera-
devices, and in the late 1960s and early ture of 400 'C established that the lattice
1970s support for research programs in strain is accommodated by misfit disloca-
these materials was rather sharply curtailed tions for film thicknesses greater than
in the United States. The I-VI compounds 0.15 micron, and it was established that the
had been the premier hosts for research on flow rate of DESe/DMZn should he 10:1
excitons, and much pioneering work had (Ref 5).
been done to show the value of photolumi-
nescence as a tool for understanding CONDUCIVTY CONTROL BY
impurities at very low chemical concentra- SHALLOW IMPURITIES
tions. This work row shifted to gallium
phosphide and the II-Vis were largely aban- A simple view of shallow impurities
doned. In Japan, by contrast, a lively inter- leads us to expect that we could ob:ain
est was sustained, and when moiectlar shallowdonors bysubstitutinga column V11
beam epitaxy (MBE) was introduced, halogen atom on the Se site or a column III
Japanese workers were amaong the first to impurity on the Zn site. In fact Al, Cl, and

apply it to Il-Vis. Plasma chemical vapor most recently iodine have all been success-
deposition (CVD) and metalorganic fully substituted for Se to produce low resis-
chemicalvapor deposition (MOCVD)were tivity n-type zinc selenide. By analogy the
also applied. We shall see how this persis- alkali metals (column I) substituting for Zn
tence paid off with the development of low or column V atoms substituting for Se
resistivity zinc selenide, both n-type and should produce shallow acceptors, and thus
p-type. p-type material. A problem with the alkali

impurities is that they are amphoteric: that
MOCVD EPITAXIAL GROWTH OF is, they produce both donor and acceptor
ZnSe ON GaAs SUBSTRATES .enters, with the donor most probably being

an interstitial atom. Nevertheless, p-type
Since most future device applica- bulk crystals doped with Li were demon-

tions are expected to involve epitaxial strated in 1985 (Ref 6 and 7). Nitrogen and
growth, research workers had directed their phosphorus have been shown to act as shal-
efforts to achieving growth of high quality low acceptors, but with the DESe/DMZn
crystalline films at low temperatures on flow ratio of 10:1 it would be difficult to
substrates thatwill be readily available. For incorporate them as substitutes for Se
growth of zinc selenide, the obvious choice during MOCVD. Accordingly the group at
of substrate is GaAs because its bulk the Tokyo institute of Technology chose
crystals are the most readily available of any LiN as a dopant. Note that Li substituting
compound semiconductor and because its on the Zn site and N substituting on the Se

site would both act as acceptors.

ONRFE SCI INFO BUL 13 (2) 88 9



The first successful MOCVD growth 19 ,__7
of low resistivity p-type ZnSe was reported 0
in 1987 (Ref 8), with the results shown in
Table 1. A p-n junction, fabricated on a
p-type GaAs substrate, exhibited the I-V
characteristic shown in Figure 3, with an a

electroluminescence spectrum shown in I

Figure 4. An investigation of the acceptor -to 0 to

binding energy in the material suggested
that compensation was still present, and for
the most heavily doped material an VOLTAGE(V)

impurity band probably formed. In retro- Figure 3. Current-voltage characteristic of a ZnSc
spect, success depended upon the low sub- p-n diode (from Ref 8).
strate lemperature available through the
MOCVD method; choice of chemically
pure MO source materials, which were also WAVELENGTH (nfn)

optimized to produce a high quality host 6oz 550 500 450

crystal; and finally, choice of a suitable R

dopant. The thermodynamic problem of
self-compensation was overcome by metas-
table growth at the low temperature. In
particular, the deep levels must have been
eliminated; the successful bulk growth of
p-type material took place in an overpres-
sure of Zn (Ref 7), suggesting control of this
factor. High crystalline quality also proba- 20 22 24 26 28

bly prevented in-migration of compen- PHOTON ENERGYv)

sating Ga atoms from the GaAs substrate.With the achieve-ient of low resistivity Figure 4. Electroluminescence spectrum at 3(X) K
Withtheachivemnt o lo resstiityof a ZnSe p-n diode (from Ref 8).

ZnSe of both n-type and p-type, and the
fabrication of a blue-light emitting LED,
the door to optoelectronic applications of
ZnSe can fairly be said to be wide open. EPITAXIAL GROWTH OF LATTICE-
What possible future directions for devel- MATCHED CHALCOPYRITES
opment may we expect?

Tame 1. Li-Doped ZnSe For optoelectronic devices involv-

Carrier ing epitaxial films, two very important
Sample Concentration obAity Resistivity design parameters are the lattice constant
No. (P-tyre) (cm2/V- s (M-cm)(cm- ) of the film and the energy bandgap of the

1A-C 6 4 x bo17 39 0.25 resulting material. For ease in visualization
i101 44 0.37 of the system to be designed, it is common to

A-C 81170.plot these parameters for the available
1 5A-C 8.8 X 016 38 0.8 materials in a diagram similar to that shown

I5.9 I io 6 38 28 in Figure 5. On this diagram, a line drawn
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between two compounds, such as ZnSe and isvery important for prevention of semicon-
ZnS, means that as the two compounds are ductor laser degradation under long-time
alloyed together, the lattice constant and operation.
energy bandgapvaryas shown. A horizontal On the diagram of Figure 5 we also
line means that the lattice constant does not note a system based on four compounds:
vary. We mentioned earlier that ZnSe has CuGaSe2, CuGaS2, CuAIS 2, and CuASe 2.
a slightly larger lattice constant than that of These are all I-VI derived chalcopyrites,
GaAs, leading to strain in epitaxial growth. and their alloys provide an attractive system
We note that by alloying ZnSe with a small to be grown on GaP substrates. As a start in
amount of ZnS, the alloy can be brought thisdirection, CuGaShasbeen successfully
intoabetter matchwith the GaAs substrate, grown by MOCVD on both GaAs and GaP
leading to better crystal quality of the epi- substrates despite the substantial mismatch
taxial layer. Such an experiment has (Ref 10). Interesting anisotropies in the
actually been performed (Ref 9), and the growth direction behavior were observed,
results are shown in Figure 6, where the related to the nonideal c/a ratio in the
minimum in the diffracted x-ray linewidth crystal. Quite recently the quaternary alloy
indicates improved crystal quality. CuGa(SSe), lattice-matched to GaAs has
Removing crystalline strain by this method also been successfully grown by MOCVD

(Ref 11).

~6.0Z Cdde

z S ZnCdS

0 Z~
o GaAs ---------------------- ZnSSe

CuGoAISSe CuGaSCuAiS

I

.0 2-0 3.0 4.0

ENERGY GAPEg (eV)

Figure 5. Lattice constant - Bandgap diagram for the Il-VI compounds
and their derivatives (courtesy of H. Kukimoto).
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750 optical devices become possible. The suc-oZnSxSe,_x/GoAs (100) cessful epitaxial growth of chalcopyrites by

o& Epiloyer MOCVD represents a first step in this direc-
Ssubtiroto tion.

500 Even without the nonlinear optical
C applications, the chalcopyrite system of
" Figure 5 offers the possibility of optical

devices with wavelengths from the near
, 250 infrared to the near ultraviolet. Another

0 possibility apparent from Figure 5 is the use
0of GaAs and GaP substrates to support

0 o"superlattices of either GaAs/ZnSeS or
L 0 GaP/ZnSeS in lattice-matched composi-

0 0.0 5 00o tions. The superlattices can be tailored by
Solid composition x varying the layer thicknesses to give "artifi-

cial alloys" of the desired bandgaps. The
Figure 6. Lincwidth (full width at half maximum) abilityto dope either n-type or p-type makes

of x-ray rocking curves as a function of possible "doping superlattices" or "nipi"
composition in ZnS.Se epitaxial layers
grown on GaAs (10X)) substrates. Open structures.
and filled circles arc for 2-micron-thick This brief list of possibilities and
cpilaycrs and their substrates, rcspcc- others that will be invented give some hint
lively, and open and filled triangles are of the great importance that the develop-
for a 1.4-micron-thick cpilaycr and its mentof MOCVDepitaxial growth of n-type

respectively (from Ref 9). and p-type Il-VI compounds represents to
f optical device engineering.

In the initial discussion of the

chalcopyrites in connection with Figure 1, ACKNOWLEDGMENTS
we alluded to the fact that the column VI
element is no longer tetrahedrally sur- I would like to acknowledge the
rounded by four identical atoms, as would generosity of Dr. H. Kukimoto for interest-
be the case for the zincblende structure. In ing and stimulating discussions of his
GaAs, the A-B chemical bond would research and to thank my former colleague,
actually possess substantial nonlinear opti- Dr. E.J. Johnson, for originally pointing out
cal propertieswere it not for the tetrahedral to me the interesting role which deep levels
symmetry, which causes cancellation. In the play in semi-insulating semiconductors.
chalcopyrites, the symmetry is broken, and
this family of materials has some of the REFERENCES
highest known nonlinear optical Figures of
Merit. This means that if these materials 1. G.B. Wright, "The Tenth IEEE Inter-
can be successfully incorporated into opto- national Semiconductor Laser Confer-
electronic devices, then mixers, phase- ence," Scientific Bulletin 11(4), 91 (1986).
conjugators, and other classes of nonlinear
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Appendix

SEMI-INSULATING SEMICONDUCTORS:
Close Compensation and Deep Levels

The high resistivity of many Il-VI temperature; the donor ions are positive
compounds (1O' to 10 n-cm) when doped and the acceptor ions are negative. Then
with substantial amounts of shallow impuri- electrical neutrality requires thzt thC
ties implies the presence of deep level positive charge equals the negative charec
impu rities/defects that are partially
ionized, in addition to the fully ionized p + N" = n + N
shallow impurities. To see why this is so, we
discuss compensation, with and without We plot these two quantities as heavy lincs
deep levels, in Figure 7a. The Fermi level will adjust to

Since the resistivity of ZnSe with the position where the lines cross. Then
1017/cm holes is about 1 o-cm, a resistivity of
l (Y -cm implies th-' the hole (or electron) p =N - N + n, /(N - N)
concentration is only about 10/cm But the
background impurity concentration of Suppose we try to decrease p by making
shallow impurities in ZnSe is unlikely to be Nd = N.. If N, precisely equaled N eve r-
below l0"'/cm',soobservationofaconcen- where in the crystal, then p would he
trationfive orders of magnitude lessimplies reduced to n,. In fact, even if the average
a very precise compensation mechanism. value of N and N, were equal. rnonnitur-

In a semiconductor, the number of mity would be at least of the order 10'. so
holes in the valence band, and the number thatelectrostaticdifferenceswould develop
of electrons in the conduction band, between different regions, and the hand
decreases exponentially with the distance of edge would fluctuate within the hounds

the Fermi level, E, from the respective band given by the lines N - E - N.
edge. In a pure, perfect crystal, the number The problem with this method ot

of holes equals the number of electrons, and compensation came because we were deal-
the Fermi level is at the intrinsic energy, E. ing with fully ionized shallow impurities.
Figure 7a shows a logarithmic plot of carrier represented by horizontal lines on the dia-
concentration versus Fermi energy. There gram. As the horizontal linesbecome super-
N is the effective density of states in the posed, great fluctuations are possihe
valence band and N is the effective density because they coincide over a wide range ot
of states in the conduction band, while n is Fermi energies. Suppose we introduce N
the intrinsic carrier concentration. The deep donors at an energy Edd slightly elow
product np= n. If there are N, shallow E. For graphical simplicity, assume that
donorsandN shallowacceptors,we assume when E, is below E , the deep donors are
that they are fully ionized at room fully ionized, while for E, above E, the
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ionization falls off exponentially. This is an In fact, it doesn't matter if Ef is above E so
approximation that is excellent on our long as it is not far above. Then we would
logarithmic scale. The charge neutrality have a highly insulating n-type crystal.
equation now becomes We note that since the crossover

point is down the slope from Ed, the deep
p + Nd" + N" = n + N- levels are only partially ionized. This reser-

voir effect is what makes the precise con-
If Nd + N d is less than N., no essential centration of ti compensation levels

change occurs, but if Nd + N disgreaterthan unimportant, and in fact makes the high
N, as shown in Figure 7b, then the solution resistivity possible. It is also important that
point for charge neutrality can place the E. not be too far from E. So finally, "lth1en
Fermi energy close to E,, and the resultant high resistivity is present in a material known
p is close to n,. The resistance will be high. to contain shallow impurities - Look for the

Deep Levels!"

Iol N Log N

NY N NY -dd
C nv No

r " " Nd ( n N

N N. - r+Na

p., ,."d N d p - . -, ; N (

4P
Ev Ef Fi  E(. EYf [.i F

Fermi Energy Formi [nergy

(a) N. shallow acceptors and N, shallow donors (b) Thc sne a (a) with the addiain oi Ndd dXcp

together with p holes and n electrons, donors.

Figure 7. The charge concentration in a semiconductor vcrsus Fermi level.
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A SURVEY OF HIGH-TECHNOLOGY
TRANSFER PRACTICES

Robert S. Cutler*

T he high-technolog iransferpractices of THE TECHNOLOGY TRANSFER
Japan and the United States are SURVEY

described and comnpared to determine how
U.S. companies can make better use of the The investigation involved a corn-
basic research performed in the United parative study of Japanese and U.S. high-
States and abroad. technology transfer practices, particularly

regarding the use of university research in
three fields: robotics, biotechnology, and

INTRODUCTION ceramic materials.
The focus was on three fundamental

A number of reasons have been engineering fieldsilcit Japancse and U.S.
offered to explain Japan's commercial suc- firms appear to be comparable in terms of
cess with high-technology products. One technological capability. I had read in the
frequently cited is the Japanese ability to press (Ref 1) that former attitudes about
assimilate and apply new technologies technology transfer were beginning to shift
derived from basic research performed in and, in some new fields, the Japanese were
the United States and Europe. Another is beginning to innovate, rather than import.
the policy of the Japanese Government to patented technology and to export and
organize and stimulate the civilian tech- license their latest technology to interna-
nology transfer process. tional markets.

In this paper, I present some empir- During the early part of my 9-month
ical results describing the principal ways in stay inJapan, I recognized the face of the so-
which industrial researchers in Japan and in called "Japanese Miracle," the rapid eco-
the United States use certain new technolo- nomic development over the past two
gies resulting from university research. The decades based on technology. I then set out
finding, are from a survey conducted in to investigate and compare the ways newk
Japan and the United States between technologies are acquired and commer-
October 1986 and December 1987. cialized in Japan, and hopefully to learn

how it is done so well and so fast.

*The author is a senior staff associate with the Program Evaluation Staff, National Science

Foundation, Washington, DC 20550. He was a visiting Fulbright research scholar at the

University of Tokyo between September 1986 and June 1987. The views expressed are the
author's and do not necessarily reflect those of the National Science Foundation.
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Technology transfer involves many In addition, information was sought
functional as well as ciltural factors. When about career objectives and hiring prac-
intciprcting the differences observed tices, awareness of significant research
between Japanese and American tech- advances, and attitudes toward collabora-
nology practices, I believe it important to tive arrangements with foreign counter-
view the Japanese--their institutions and parts.
their behaviors--from a cultural perspec-
tive. Approach

Simply stated, the Japanese have a
different language, a different thought First, let me offer the succinct defini-
process, and different soacial and business tion of "technology transfer" that JLcques
processes than Americans. To attempt to Bagur of Gulf South Research Institute
observe technology separately from its recently presented to members of the
environment is to lose sight of this larger Fedeal Laboratory Consortium:
picture. I was soon to discover that there are
strong cultural elements in the ways the "Technology, Tran.sfer" is the process
Japanese acquire, evaluate, and transfer by which knowledge concening the
new technology. I elaborate on those ele- making ordoitg ofuseful thitgs con-
rments later in this article. tained within one organized setting is

brought into use within another
Scope of Survey organizational context.

My research in Japan primarily The concept of "technology transfer"
involved a surveyofJapanese universityand that I use in this study consists of several
industrial researchers who are working in functional mechanisms that are classified
three high-technology fields. Fifty-five into three domains:
interviews were conducted at 12 universi-
ties. 9 companies, and , Government I. Pu hl ica tions--jou rnals, technical
research and development (R& I)) organi- reports, trade press
zations. The parallel survey in the United
States included I researchers at II univer- 2. Patents--invention disclosures, patents,
sities, 8 companies, and 3 Government and licenses
organizations. In total, 106 researchers
were polled in the two surveys (Table 1). 3. People Links--meetings, collabora-

The questions focused on the profes- tions, joint projects
sional behavior of the researcher himself,
rather than on the research, per se. The These domains are operationally
objective was to identify the principal trans- defined by the principal mechanisms used
fer mechanisms used by the particular for communicating, facilitating, or other-
researcher in Japan or the United States wise moving the results of university
and his professional colleagues at universi- research into industrial application. These
ties and other R&D organizations. principal !echnology transfer mechanisms

are as follows:
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Table 1. Survey Sample

Japan United States

Plc No. of PaeNo. of
Place Interviews Interviews

Universities

Hokkaido Univ. 1 Carnegie Mellon Univ. 4
Kyoto Univ. 1 IMass. Inst. of Technology 3

Nagoya Technology Inst. 2 Penn State Univ. 3

Nagoya Univ. 1 Stanford Univ. 3

Osaka Univ. I Rutgers Univ. 2

Saitama Ujiv. I Univ. of Arizona 2

S)phia Unov. 1 Univ. of CA/Santa Barbaca 2

T..kyo Inst of Technology 2 Univ. of Delaware 2

Tohoka !:nlv 3 Univ. of Massachusetts 3

Tiokoba Univ. 2 Univ. of Nebraska 3

Univ of T.Vy 2  3 Univ. of Utah 2

Waseda !!niv 1

at .al 21 29

Industrial Laboratories

'iitachi Central R&D Lab 3 Ceramatec, Inc. 2

Hitathi Production Automation 3 Eaton Corp. 3

IBM Tokyo Research Lab 5 IBM Corp.

Xy-cera Corp.. Inc. 1 ICR Associates, Inc. I

s, b Metal Corp. 3 Monsanto Co 2

NEC Central Research Labs 2 J.D. Searle, Inc. 2

Nippon Steei Co 2 Repligen. Inc. 2

Nissan Motors Co.. Ltd. 4 United Technologies Corp. I

Klein Beckman Tapan, Ltd. 1

-I-totl 24 14

Government R&D Organizatsons

Mechanical Engineering Lab (MEL) 4 National Bureau of Standards 4

Electrotechnical Lab (ETL) 2 National Institutes of Health 2

institute for Agricultural Research (NIAR) 1 National Science Foundation 2

Ministry of Internat'onal TraJe & Industry (MITI) 1

M nistry of Education and Culture (Monbusho) 1

Jap in Research Development Corp. (JRDC) 1

Subtot 10 8

Total 55 51
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1. Meetings. Seminars, Intensive Confer- and the relationship of the data to the
ences results. Here is my reasoning for choosing

the three domains of the model:
2. Professional Society Meetings

1. When one attempts to compare
3. Journal Publications, Newsletters research activities, albeit there is some

professional controversy as to what things
4. International Conferences count, it is generally accepted among

science policy researchers that the publica-
5. Advisory Boards, Councils, Commit- tionofjournalarticlesand citations tothose

tees articles in other publications are reasonable
measures of scicntihic advancement and

6. Study Missions, Site Visits, Trade research productivity.
Shows

2. Patent counts are now becoming
7. Patent and Licensing Agreements useful to econometricians who study the

process of technological innovation. The
8. Consulting Arrangements use of such numbers is less exact than cita-

tions to the literature; nonetheless, some
9. Joint University/Industry Research carefullyselected patent statistics rcflecting

Projects large quantities can be a useful indicator.
There is also new interest in university

10. Visiting Scientists and Resident patents because such patents can attract
Researchers industrial support.

The approach supports the "multiple 3. The third domain of the model is
factor" philosophy, wherein technology what I call "People Links." From talking
transfer is seen as a process involving many with several policy analysts before going to
functional and environmental factors work- Japan, and from my experience as an R&)
ing in concert. engineer in industry and a research admin-

istrator at NSF, I have learned that tech-
AN APPROPRIATE RESEARCH nology transfer also occurs in activities such
MODEL as professional societies, workshop senii-

nars. and employee mobility.
As a researcher myself, I was com-

pelled to devise an appropriate model and The three-domain model expresses
to collect relevant data, something useful to the notion that technology transfer is more
count. From the kinds of program evalua- than simply the exchange of technical pub-
tion studies we do at the National Science lications, or the licensing of patents.
Foundation (NSF), I have learned that a Rather, the model of the transfer process
proper evaluation design involves a simple includes various contact mechanisms and
model that describes the principal factors communications activities that essentially
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are "'person-to-person" linkages. Such Publications
mechanisms actually serve to bring the
desired technology "know-how" into actual a In Japan nearly all (94 percent) of the
use. researchers surveyed were able to read

An interview questionnaire was and write in English. In the United States
designed to obtain information from each very few (4 percent) of the Americans
researcher on: interviewed admitted any technical com-

petence in the Japanese language.
1. Publication activities--which journals

are most frequently read and where w In Japan a majority of those researchers
authored articles were most recently surveyed (85 percent) published and read
pulhiished. English language journal articles as well

as those in Japanese. In the United States
2. Patent activity--whether listed as an few (9 percent) said they read any trans-

inventor on patents issued within last lated Japanese journal articles in their
5 years, and whether patents are field (Table 2).
licensed or used.

w In Japan journal publications do not
3. People links--whether active in profes- necessarily contain new work. Most U.S.

sional society activities, consulting, col- journal editorial policies insist upon new
laborative work, conferences, and and original work only.
career mobility.

Patents
FINDINGS

- In Japan few university professors
B:ased upon an analysis of the sur- (14 percent) hold patents. In the United

vevs* conducted in Japan and in the United States nearly 46 percent of the universit\
States, the following comparative results researchers surveyed do.
are reported.

* Survey sample (n = 106) consists of 55 Japanese and 51 U.S. researchers. The population it

represents would he hard to describe fully, but I hope it is an important part of the university,
industry, and Government R&D organizations performing advanced research in the fields of
robotics, biotechnology, or ceramic materials between October 1986 and December 1987
(Table 1).
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Table 2. Princ ipal Journals Mentioned in Survey

Area J apan United States

Robotics * Journal of the Robotilc-s * IEEE Journal of Robot ic-s
Soc tr: of Jaiparn and Automation

m Intec-na: lonal JIournail of a ASME Journal of Dvnami r

Robot ics Resecarch Syvstems Measures and .

*I EFF Tournil of Robot i cs a Internati onal Journail o!

16 !rAd :i* OTOi ion Robo tics Research

F~io*,(Cl!Ioloyx', a 'urn- U t1 l;o! * Joulrnal of iliU l* :

a %c I B iochtil utstv

T IT,! 1 0i 1 1- 11 of I n '

.. .. ou 1-11* I of *11 ;"T
Sc I - I S

ai IIjapan. hetvkee;t ) nd ) i People I inks

thecpanice Soce!\ fo r :K . I': lop1 Wn (2 lhtanI Q3 pcetCttt of lit.. 1;I%?1;\l

Scie nec JS1S ) -% the top tike nn~rIe>re ,archcrs, and SI) pcrce;it Wt!'
i ncreasecd f rom 2 4 to 3 p iItc 11t Id ItcsriacI resea rc IfLursL SI-F\ c dKc t k ho
(tit) per-cent). wile, liccwmin zccerint ttend technical 11Ctini>-" ontsjde Ihcl;

increased frorn 2 to ft In1 the I1ted "ork location at least twkice per nnnth. i
States. hce t cn S15 and jQN5, the h ntdSae 3p e no c '

nIIL in-her of pate nts rcp oid N ithe tiy I i\ c researchers and IT petcitI II I indn "t t%
research Unniesities inicreased from 122 said they, did so.
to 177 (45 percent). I icensine, for the
sac cc 5 vcars Iincreased from 53" tcc 90
(8I percenit).
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I i Japan the ave rage proport Ion of Ph.DI.s Additional Observations
reported in the work unit (Ph.D. ratio)
was 18 percent for the universities, m Iniapan 83 percent of the researchers sur-

7 percent for industry, and 33 percent for veved said they were aware Of Current
Government labs. In the United States research advances made hy foreigners if]
the ratios were 38 percent for universities, their field. Inl thle United States uiv
57 percent for industry, and 6 1 percent for 30 percent said they knew of any%.
Government labs.

a In the Lnited States the fol lowingo
* In Japan 62 percent of the high- attitudes and interests were expressed by
technology university researchers researchers interviewed regarding the
su rveyed and 46 percent of those inl work of Japanese colleagues:
ndiistrv said they were involved in at least

one Joint univcrsitv'id I tr prac.I 68 percent oif the university res.earchers.
the Infltedl StateS tile leveCl was 84 percenit 35 percent of thle Iindustrial researchecr>.
hIOr Universities and 93 percent for those and 60) pe rcenit of the Govern file lit
suLrveyed ili inidustry, researchers acklowledged having had

aIt least one Japaniese research col-

tor their current employecr slince gradui- rator\.
atlilig from colleg~e, while 23 percent ot
f1ios;e SU rveyed inl tilie Uin itedh States saild a 7 8 lierce fiti said t lint t lic\ %k O nld \% ci CII ic

they did. sonic type 4f reseCarch colhlaborat (Ii

wilth an appropriate COIii iterpart inl

*Ini .1 apai 59) pe rcenit reported havn us, Japanl.
aItteliided at least one international
11C~tinl" during the past 2 \-ears. Ili the m 63 percenlt said t1 heyko111d he \kflii iii to

UmiitCel States thle proplirtiOnl wals work in a taboratuv Mn Japanm for- an

'S percent. exene peh11otI m 1itfv e
4to 6 mo(nth.)

m lInJapan 6i5 perce nit (f thlose surveyed said
they Spent a vear or more inl the U nited a Anionu tliw sc ,nirvevcd iiili Ithi cmmtih! Vk

States or in [Lu rope. il ile t)Ti Ited States tlie ilchanui fl prc ferrcd min i! f) rF

3percent said that they had spent miore etecti 11 0li g-techa.-,,li I\ transfer airc as
than one year abroad: 4 percent had foll Iow s:
%k orked ill Japan and 17 perce nt had
\vPitcd Japan for brief periods raning
frolm 1-3 weeks.
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In Japan: In contrast to the kinds of scientific
research performed in the United State,,

" Meetings, seminars (90%) most of the reseai ch I observed in Japanese
* Professional conterences (75% ) universities can be described more accu-
* Study missions, site visits (58%) rately as "fundamental engineering

science" rather than hasic scientific
In the United States: research. It usually is done in groups rather

than by individual investigators, and it con-
* Meetings, talks (84%') sists largely of experimental verification
* Gordon-type conferences (62%,-) work. However, there are a fewk senior
" Publications (55%) professors doing sonic theoretical work at

the more basic end of the researcl process.
M In addition, some two-thirds of the

robotics researchers surveyed in Japan Publications
said they currently exchane VCR video
recordings with colleagues in their own To describe what the Japanese doi
country. lowever, it was not clear how differently, first Iwill discassjournal p lhi-
widespread the use of VCR tapes is cations.
among L.S. researchers. The principal sources of basic

research information for the Japanese
CAVIE'AT ON TI IlE ANALYSIS researchers I interviewed are the journal

articles published by leading Liniverit\
Due to limitations in the data and the researchers in the I 'ited States and in

sampli ng method used, one should not draw Europe, rather than by other Japance
definitive conclusions from this sitdv. researchers.
l iweve r, there are som, :nteresting find- Japanese engineering researclier,
ings that are more suggestive than indica- work in teams to carry througLh a partic na r
tire..Moreover, the concept of -technology project, from the Initial reserch ac
transfer" itself is complex and difficult to through dcvelopment to prototpin, and

efne precisely. TIsaneea even on to production and arketin. It

requi ri ng more study and analysis. d ifficulIt to track research actvi ties in lalpa ii
because there are no paper trails, no iat er-

I)ISCUSSION mediate piiblication poinls. On the othe:r
hand. beintgi closc-lv associatld wkith ic

From the findings outlined above, it is particular item or development project
clear there are similarities as well as sonic gives the Japan sc researcher a trenie-
miportant differences in the way teclinology dons sense of pride and attachment ii the
is "-ansferred between university and i ndus- project and to the final product.
trial researchers in Japan and in the United
States.
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Journal editors in Japan apparently The difference between the two
do not insist on publishing only original groups in the number of patents acquired
work. Their journals often consist of prog- stems largely from the traditional belief in
ress reports as well as reports on setting up Japan that universities are primarily for the
and testing methods of experimentation teaching of students rather than for corn-
that may have been published elsewhere. mercializing research results, which is the
This practice is related in part to the domain of industry. However, this picture is
Japanese feelings about originality,* which now changing.
are quite different from ours, and in part to Although the numbers of Japanese
Japanese research funding practices, par- university inventions since 1981 are smaller
ticularly in universities, which require prog- than those for U.S. universities, the JSPS
ress reports to be published, data show a remarkable increase in the

In the United States. typically, a uni- licensing of those patents during the past
versitv researcher does the fundamental 5 years.
work and then publishes his or her findings This increase appears to reflect the
in the open literature. From those publica- recent shift in the patent policy of both
tions in the primary literature, another countries (since 1978 and 1980) that autho-
researcher picks up the new knowledge and rized universities and research laboratories
basic ideas which he/she considers to be to promote inventions resulting from
feasible, carries them through the applied Government-funded projects. Both in
research phase, and again publishes the Japan and the United States there are pro-
results either in the journal literature, as a grams now in place to assist university pro-
company report, or as a patent disclosure. fessors to transfer their inventions to com-
The industrial R&D community picks mercial use. The Japan Research Develop-
promising projects out of this pool of new ment Corporation (JRDC) is the agency
technologw. In this process user require- responsible for promoting the transfer of
ments are rarely cited or integrated into the universitypatents to industry. In the United
research. States there is no central Government

responsibility for this activity, rather each
Patents research university has its own patent

licensing office.
AlthCuh the proportion of surveyed

Japanese professors holding patents is People Links
smaller (14 percent) than that of the
Americans (46 percent), the top five univer- I observed throughout this study that
sities in Japan reported an increase of the most preferred and also the most effec-
66 percent between 1981 and 1985 and the tive technology transfer mechanisms are
American top five universities reported a "people-intensive" rather than "paper-
45-percent increase. intensive."

*The traditional Japanese attitude about originality is one which prefers to follow a pattern

rather than to break new ground. In Japanese, the term "learn" (manabu) comes from
"imitate" (manebu) (Ref 2).
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This conclusion became clear to me FACTORS AFFECTING
from the amount of time (two-thirds) the TECIINOLOGY TRANSFER
researchers said they devote to exchanging PRACTICES
"new ideas" by participating in talks, meet-
ings, and working with leading colleagues, If one is attempting to compare the
as compared to the remaining one-third of principal technology transfer practices
their time spent reading, extracting, or observed in the two countries, three signif-
preparing new information for publication icant factors that underlie the Japanese
or for patents. This allocation of time R&D system are worth mentioning. They
appears to be as true in the United States as are attitudes about cooperative research,
it is in Japan, at least for the three high- the "old-boy" network, and R&D manage-
technology fields surveyed. ment styles.

Apparently there are strong personal
needs for face-to-face discussions leading to Japanese Technology Transfer and
bench-to-bench collaboration in order to Cooperative Research
better communicate new complex ideas
from one person to another, and then to use Japanese companies achieve such
them elsewhere in the research lab or in effective use of high-technology research
another organization or institutional and its transfer between laboratory and
setting. I conclude that high-technology production by holding many more technical
transfer is largely a "contact sport": meet- meetings on an industry-wide basis than
ingwith people, carrying new ideas forward, American companies do. Professor
and joining individual efforts toward a Thomas Eagar of the Massachusetts
common goal. Institute of Technology observed that

The rapid transfer of university "there is not just technology transfer within
research to industrial technology also a company in Japan, but also between
requires the necessary "know-how," which companies, and companic.s and universi-
is a skill attribute of a researcher. In tracing ties, through the many meetings of the var-
the transfer patLis within the fields of ous professional societies" (Ref 3).
robotics, biotechnology, and ceramic mate- The topics discussed at many of these
rials, in both countries, I find a similarity in meetings include more technical content
the preferential use of "person-to-person" and detail than is common in the United
contacts for obtaining substantive informa- States. In addition, major research labora-
tion. Many of these links involve long-term tories become familiar with the work at
collaborative work between university and other labs, resulting in rapid dissemination
industrial researchers. Examples of suc- of new results and less duplication of effort.
cessful transfers of university research to The meetings also permit researchers to
industrial applications can be found in communicate very effectively their knowl-
computer-vision robotics, geneticengi neer- edge of work outside of Japan.
ing, and functional ceramics.
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There are a number of reasons why Here is how the two circles of power
the Japanese meetings system works. One work. Perhaps you noticed that Japanese
is the strong leadership of the university companies seem to sell similar products. So
professors who serve as committee chair- much so that it looks like they must be
men. There are strong ties between these collaborating on the designs and specs.
professors and their former students that do That is because "high-tech" Japan is a small
not seem to exist in the United States. country and the too engineers in the con-

Several of the robotics engineers panies all know each other. For that matter,
interviewed inJapanshowedmeVCRtapes so do the company presidents, who most
documenting theircurrent experiments and likely went to the same university at the
work of their colleagues abroad. This low same time. When one company starts
cost, highly effective, audio-visual reporting something new, the president calls his
mechanism is yet another example of the friends to discuss it.
way Japanese researchers rapidly exchange Japanese companies do not suffer
research results. from the "not-invented-here" syndrome,

I do not believe there is such a system that attitude which stifles ideas from exter-
in the United States that pools, analyzes, nal sources. Instead, they are eager to
and disseminates current information on please their custonlers and would rather
international research activities as effec- have their people involved in making sonie-
tivel as the Japanese system does. thing better for the marketplace than tr'ing

to capture all of the profits from a new
The Japanese Old-Boy Network technology product. In fact, the licensing of

patents from other companies and from
The process was described by several foreign sources is widely practiced.

speakers at a seminar on high-technology Many foreigners imagine that
competitiveness held by the Japan Tech- Government officials at the Ministry of
nologv Transfer Association in Tokyo on Inteiinational Trade and Industry (MITI)
March 13, 1987. That discussion helped to stand overthe R&D stage like grand puppe-
crystallize what I discovered during my four teers, manipulating private industry at will.
dozen interviews in Japan. This is not the case. particularly because the

Japanese industry has two powerful average MITI officer changes jobs every
assets: a cohesive national policy on tech- 2 years.
nology development and a scientific "old- MITI's method of influence is
boy network," with links to practically every through its "committees." Mixtures of
board room and laboratory in the country. industry leaders, academics, and consumers
The Government spends nearly one-third (users) are selected for dozens of commit-
of its R&D budget (20 percent of total R&D tees on new technology and industry mat-
spending) at universities and at Govern- ters, ranging from restructuring a weak
ment research institutes, and nearly all of industrial sector to organizing a national
t'isactivity is centrally coordinated through program for advanced robotics or for
Government committees and the scientific manned spaceflight.
old-boy network.
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Through committee debate, MITI cooperation among researchers ser-ve as a
helps industry form a consensus on which glue that keeps the Japanese R&D organi-
areas of new technology it should concen- zation together. "In Japan it is difficult to
trate. By this "committee method" policy is move people, but it's easy to move ideas,"
actually negotiated by the leaders of indus- one Hitachi laboratory director told me.
try, so it is accepted naturally by all the In the United States the antitrust laws
companies. That is what I found to be the have required each competing firm to carry
secret of Japan's cohesive industrial policy: on its own industrial research. Technical
the Government acts as the organizer and cooperation not only is limited but is often
coordinator of private industry action. perceived as unlawful by corporate
Eightypercent of the R&D fundinginJapan management. Recently, however, the law
comes from private industry rather than hasbeen liberalized to allowcertain consor-
from the Government. tia like MCC, SEMATECH, and the Semi-

conductor Research Corporation (SRC) to
R&D Management be organized.

Things are different for industrial
A final remark about Japanese research in Japan. The Government there

methods for running research organizations actively promotes the formation of research
and their methods for decision-making. associations among leading companies in

What I observed closely resembles particular fields for purposes of developing
what author William Ouchi of the and transferring new technologies. Patents

UniversityofCaliforniaatLosAngelescalls resulting from these arrangements are
"Theory Z" (Ref 4). One main feature of pooled for participating companies to use.
Japanese society that Ouchi describes as And there is a remarkably high degree of
being essential for the success of each work communication and collaboration between
unit is the great trust that exists between professors at leading Japanese universities
superiors and those who work for them. and their colleagues who work in competi-

One of the best inventions of tive companies.
Japanese industry is the "quality circle,"
where 5 to 10 workers meet almost daily to CONCLUSION
discuss possible improvements in their
work. This method works in Japan where it This study surveyed a variety of
serves to give group sanction to innovative mechanisms being used to effect high-
departures from the old ways of doing technology transfer among, and between,
things. researchers in the United States and in

There is a general sense of family Japan. The approach tested the multiple
solidarity that seems to characterize factor philosophy whereby technology
Japanese endeavor, whether at home, at transfer is seen as a process involving many
work, or in professional pursuits. The functional behaviors working in concert.
personal commitmentt, trust, and desire for
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The empirical data confirm the con- I conclude that personal communica-
ventional view that the flow of new informa- tion and technical collaboration are the key
tion, for the three high-technology fields factors in the rapid diffusion of high-
surveyed, is largely from U.S. university technology research results in both
researchers to industrial researchers in countries, rather than widespread avail-
Japan. The ratio of Ph.D. researchers in the ability of the scientific journal literature and
labor force (Table 3) indicates the relative recentefforts to promote university patents.
capacity to do high-technology work The differences observed in practice stem
(Ref 5). However, the data also show that largely from cidtural and institutional fac-
some of the advanced technology used in tors.
the United States increasingly is derived In the United States Government
from research initiated in Japan. agencies support most of the basic and

applied research performed at universities

Table 3. PhD Ratio (Z) in Laboratories Surveyed primarily for public purposes such as mili-
tary defense, public health, and space

Sect ors.exploration. By contrast, most of the higb-
(n = 27) (n = 22) technology research in Japan is funded and

-e- performed by industrial companies for
commercial purposes. Further, Japanese

Industry 17 57 Government agencies and professional

Government Labs 33 61 societies take a more active role in
organizing and energizing the civilian
technology transfer process than do the

Journal publications and university counterpart organizations in the United
patents are more widely used in the United States.
States, where university professors both This study attempts to plow new
teach and do basic research. Meetings and ground in an uncharted and complex area:
intensive conferences, however, are by far the cross-cultural comparison of technology
the most popular means for technology transfer mechanisms used in Japan and the
transfer among those U.S. researchers sur- United States. The database was con-
veyed. structed from information obtained during

In Japan the results of university an exploratory investigation of active
research are used primarily in industrial researchers who were recommended by
settings. Typically industry uses outside peers in both countries. They were not
professional meetings and close collabora- randomly selected. Care was taken during
tion as the means for translating the scien- the survey to avoid undue geographic con-
tific knowledge and new engineering centration and institutional bias. The
"know-how" into commercial use. results presented, therefore, are indicative,
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SURVEY OF HOT ISOSTATICALLY

PRESSED CERAMICS

Edward Mark Lenoe

M ore than 30 years have passed since in 1955 used a hot-walled vessel, heated
the original research on gas pressure externally and pressurized by helium. The

bonding was conducted. Since that time working zone was about 5 mm in diameter
there has been truly impressive growth ofhot and 900 mm in length. From that modest
isostatic pressing (HIP) technology, partic- beginning, progress in the technology has
ularly in the last 1 Oyears, and particularly in been truly amazing. For instance, Figure 1
Japan. Nowadays Japan may well have the illustrates the size increases in HIP units in
greatest number of high temperature HIP the United States, while Figure 2 shows HIP
facilities engaged in ceramics research and facilities by size in three industrialized
development. In the same time frame and nations. Figure 3 indicates the wide range of
worldwide there has been extensive activity applications for HIP facilities in Japan, the
in fine ceramicsfor a varietyofapplications. United States, and West Germany as of
Therefore, this article attempts to survey the 1985. At that time it was apparent that the
more recent studies of HIPed ceramics and United States was heavily committed to
discussesthe increasingnumberofceramics research and development (R&D) studies
and expanding complexity of processing as well as to a variety of industrial fields
techniques. Examination of the literature including production of cemented carbides,
demonstrates that impressive improve- superalloys, castings, and general HIP ser-
ments in strength, fracture toughness, creep vices.
resistance, hardness, and wear resistance In 1985 a survey of industrial appli-
have been achieved and that the process cations of hot isostatic pressing in Europe
reliability of ceramic components has been was conducted by ASEA, AB (Ref 1).
greatly improved. The fundamental ques- During that period in Western Europe
tion remuins: which of these promising there were over 50 hot isostatic presses in
materials and process combinations can operation or on order. About 30 were for
and will be economically and reliably research and the remainder were for pro-
scaled-up for meaningful applications. duction. ASEA and ASEA Pressure

Systems supplied at least 50 percent of
these units, followed by Autoclave Engi-

ADVANCES IN EQUIPMENT AND neers (about 29 percent) and National
GROWTH OF THE TECHNOLOGY Forge (8 percent). ASEA's survey found

that the primary application was postdensi-
Most workers in this field know that fication of cemented carbide. About

the hot isostatic pressing (HIP) method 600 tons per year were being processed on
dates back more than 30 years when 13 presses. The second most important
researchers in the United States developed application was specialty steels and the
a specific process they referred to as "gas thirdwashealingofsuperalloy andtitanium
pressure bonding." These first experiments castings.
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1975 196216

LArge size press Large site press Production press

for cemented carbides (or defect heating for alloy steel components

Furnace size: Furnace size: Furnace size:

Dia 24" x height SO' Din 41" x height 96' Dia 69' x height 118'
Weight 27 tons Weight 120 tons Weight 360 tons

Figure 1. Trend for increasing size of HIP units.
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Figure 2. HIP workzone diameters in several industrialized nations.
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elements

Figure 3. Fields of application for hot isostatic pressing in several nations.

With the advanced HIP technology years refinements to equipment and pro-
available today, it is evident that production cessing methods have led theway not only in
rates at thousands of tons per year can be cost reduction but also to many new appli-
achieved in a single HIP unit. HIP tech- cations for various composites, glasses, and
nology is commonly thought to be a very ceramics. Currently in powder metallurgy
expensive and time-consuming process that and in ceramics there is a merging of hot
is used almost exclusively for cemented isostatic pressing with sintering as the
carbide and aerospace materials. Process increasingly flexible HIP furnaces become
costs in these industries as much as $1 to operable with higher pressures and strictly
$10/lb are commonplace. However, for controlled and variable atmospheres. For
large-scale alloy steel production, HIPcosts metals production there is very strong
can be reduced to fractions of a dollar per competition from a variety of processes.
pound. For instance, some experts think that

Of key importance to reducing costs improvements in precision casting and
are larger presses, better automation, and melting technology, rapidly solidified alloy
vastly improved process controls. Over the powders, and other methods may slow down
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use of HIP technology. However, a more 14.5 ksi/2,550'F (100 MPa/1,4(X)'C) with
likely happening is that any significant pro- 80 percent argon/20 percent oxygen envi-
cessing advances will probably be incor- ronment. Hot isostatic pressing results in
poratedasasubstepoftheHIPprocessand higher densities and more uniform pore-
that we will witness ever increasing com- free mirostructures that significantly
plexity of the HIP technology as a result. improve magnetic as well as mechanical
Therefore, it is imperative that leading HIP properties. Generally, largei size equip-
equipment manufacturers not only con- ment and higher temperatures and pres-
tinue their research but also seek to expand sures are required for production of struc-
into all appropriate areas to significantly tural ceramics. One of the more advanced
advance the technology. This appears to be units for structural ceramics operates at
happeningworldwide and especiallyhere in 45 ksi/4,000 0F (310 MPa/2,200 °C). There
Japan. When I first visited Japan in late is a wide range of possible methods and
1983 there were about 50 HIP units, and increasing variations in HIP processing.
now there are well over 120. Kobe Steel has One of the more popular methods is sinter-
played the major role in that market growth plus-HIP. A summary of the more common
with the largest portion of sales (see methods and their advantages and disad-
Figures 4a and 4b). The KOBELCO vantages is shown in Table 1.
seminars on hot isostatic pressing, dating
back to 1981, are awell-respected reference EARLY DEVELOPMENTS IN I lOT
ource of leading edge technology (see PRESSING AND GAS PRESSURE

Appendix A for a discussion of a recent SINTERING
seminar).

We have witnessed a phenomenal Hot pressing ceramics offers the
growth in the technology of HIP materials ability to fabricate dense and strongi prod-
and components. Some experts predict that ucts with a small amount of sintering aid,,
in the next 5 years ceramics will beoneof the h"'',,, i J., ini1:-d to relatively
faster growing technology areas. In partic- simple shapes. Pressureless sintering can
ular, new types of electronic and structural be used to fabricate cc mplex shapes, but the
ceramics are expected to be placed on a components have generally lower densities
production basis soon and are expected to and the additives necessary for densifica-
experience continued growth through the tion usually result in poor high temperature
1990s. Application of hot isostatic pressing performance. Gas pressure sintering has
to electronic ceramics continues to grow made it possible to sinter a variety of
and this includes products such as multi- ceramics and complex shapes with small
layer capacitors and magnetic tape heads. amounts of additives. Let us briefly con-
Representative HIP units for ferrite pro- siderthe situationofsilicon nitride, inwhich
cessing may have dual capacity ratings such high pressure nitrogen gas depresses
as 43 ksi/3,600 F (300 MPa/2,000 °C) and thermal decomposition at temperatures
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greater than 1,800 'C. Table 2 summarizes Silicon Nitride
studies of gas pressure sintering of silicon
nitride, an early contender for high temper- Hot Isostatic Pressing and Sinter-
ature applications. These efforts date back HIP. There is, as mentioned earlier, a
more than 10 years. As can be seen by variety of possible production routes, and it
examining the table, rare earth oxides were is well known that the properties of HIP-
generally used as additives for improve- silicon nitride strongly depend on the pro-
ment of high temperature properties and cessing conditions and starting materialk.
enhanced formability. It was learned that
adding a rare earth oxide alone, e.g., less Postsintered Hot Isostatic Pressing.
than 10wt. %, is not as effective as a sinter- High temperature properties of postsin-
ing aid. However, concurrent additions of tered silicon nitride were investigated by

rare earth oxide (Y2 0 3 and CeO) and A120, NTK researchers Shimamori, Matsuzaki.

or SiO 2 increase the sinterability. While Kato, Tajima, and Matsuo (Ref 2). The

addition of Al 20, effectively increases sin- behavior of post-hot-pressed compacts
terability, the amount of alumina must be started with silicon powder and hot-pressed
minimal to improve the oxidation resis- compacts started with silicon nitride pow-
tance of sintered silicon nitride with Y 0, ders was investigated. Three types of pow-

additives. It should be apparent that suc- der produced by three type. of processes

cessful gas pressure sintering requires were used, including silicon nitridation,
indepth knowledge of sintering response vapor phase reaction, and silica reduction.

and precise control ofprocessingconditions Compared with material produced from
and especially raw materials control. But silicon nitride powders, the postsintered

even now phase diagrams for many possible ceramic had higher elevated temperature

compositions remain unexplored, properties. Shimamori et il.'s processing
routes are shown schendticallv in Figure 5

PROPERTY DATA AND and some of their results are presented in

PROCESSING PARAMETERS Figure 6. Table 3 summarizes powder
characteristics.

Duringthe past several years a large In the postsintered (PS) route the

number of papers dealingwith hot isostatic compacts were nitrided at temperatures
pressingof ceramicshave been published in less than 1,450 C in a mixture of hvdrgen
Japan. With our available resources, it is and nitrogen. ttot pressing was by heating
not possible to translate the reference at 1,800 'C for 2 hours under pressures of
material in its entirety; however, we can 20 MPa. Flexure specimens 400 by 3 by

discuss property data and processing 4 mm were tested in three-point flexure on
parameters, which will prove of use to 30-mm spans. Fracture toughness was
researchers in the field. obtained via the indentation fracture

method.
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Figure 4b. Installations of H-IP units in Japan (courtesy of T. Fujikawa, Kobe Steel, Ltd.).
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Table 1. Hot Isostatic Pressing Methods, Advantages, Disadvantages, and Applications

Method Advantages Disadvantages Applications

Pressure Near isotropic Requires repeated Impregnate graphite

impregnation cycles preforms, porous

cei amics

Other composites

Diffusion No additives needed Requires canning Metal-ceramic and

bonding Complex shapes Dependent on ceramic-ceramic

Improved bonding bonding bonding

strengths temperatures Metal-matrix

Isotropic composites

Powder No presintering Requires canning Transparent ceramics

consolidation Low temperature Lower packing BaTiO 2 dielectrics

densification density in autoclave Silicon nitride

Less additives needed Preforms may be structural ceramics

Minimal grain growth difficult to handle Large alumina

Loss of volatile Lower operating containers

species prevented pressure if glass Superalloys

Good dimensional is used Composites

control

Sinter plus No canning required Requires sintering to Cutting tools-ceramic,

HIP Sintered parts are state of closed carbides

easier to hndle porosity Multilayer capacitors

Higher packing Addition of sintering Magnetic ferrites

density in autoclave aids can degrade Cemented carbides

No die friction losses properties

No geotetric Excessive grain growth

limitations Surface defects are

Multiplicity of not removed

parts/cycle Potential volatization

Sinter/HIP No canning required Furnace design Cemented carbides

Full density achieved limitations Ceramic cutting tools

in one cycle Higher temperatures Titanium alloys
Lower cost, pressure

Control grain size

Improved surface

finish

Overpressure Low temperature Higher pressure Refractory metals

sintering densification Equipment size Ceramics

Less structural Expensive

damage
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Table 2. Gas Pressure Sintering of Silicon Nitride Studies With

Rare Earth Additives

Researcher Remarks

Mitomo Achieved 95% density Si3N4 + 5 wt. % MgC,
sintered @ 1,800 *C, 1 MPa N2, 2.98 g/cm3

for Si 3 N4 + 5 wt. % CeO2, sintered @
1,900 *C, 2 MPa

Priest Obtained full density for Si 3N4 +

20 wt. % CeO2 , sintered @ 1,800 to

1,950 *C, 2 MPa N2

Galasso 95% density for S34+ 15%Y23

sintered @ 1,950 C, 2 MPa, 3 g/cm3 for

Si3N4 +4 15 % Y203 + 3% A12 03 ,

sintered at 1,800 C, 2 MPa

Gazza Full density for Si3N4 + 10 wt. %

Y3A1 50 12 ' sintered at 1,770 to 1,780 'C,
2 MPa

Greskovich Two-step gas pressure sintering, obtained

99.7% density for SiN + 7 wt. % SiO2

+ 7 wt. % BeSiN., sintered @ 2,000 *C,

2 to 7 MPa

Sanders Full density for Si, N4 + 5.3 to

8.7 wt. % Si0 2 + 8.3 to 23.5 wt. % CeO2,

sintered @ 1,900 to 2,090 'C, 2.5 MPa;

Full density for Si 3 N4 + 4 to 6,3% rare

earth oxide + 3.6 to 4.0% SiO., sintered

@ 2,140 *C, 2.5 MPa

Tani 3.23 g/cm3 for S3N4+ 10% CeO2 ,

sintered @ 2,000 'C, 4 MPa
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Figure 5. Schematic of proccssing route.

ONRFE SCI INFO BUL 13 (2) 88 42



Starting
Powders Conventional Route PS Route

Additives A B C

M "7 870 900

6.5 600 60

SCO, 5.75.4-

950 960890

62068
5.7 5.7 590

910 910 
800

690 700

Ce, 5.0 5.3 46620 S

CeO2  370

Lgend: Modulus of Rupture (MPa) Fracture Toughness (MPali-)

Room temp. 1,300 C

Figure 6. Flexural strength and fracture toughness results (after Ref 2).
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Table 3. Silicon Nitride Powder Characteristics

Silicon Vapor SilicaPhase
Item Nitridation Re ReductionReaction

(Route A) (Route B) (Route C)

BET, m2/g 20 7.1 10.9

FSSS, pm 0.50 0.70 0.90

a content, % 94 96 99

Chemical analysis
Si, % 59.2 59.4 59.2
N, % 38.4 39.4 38.0
0, % 1.46 0.46 1.79
C, % 0.30 0.03 0.75
free SiO 2, % 0.24 0.36 1.04
Fe, ppm 80 4 160
Ca, ppm 9 <1 220
Al, ppm 130 6 92
M, ppm 20 <1 8

Hot Isostatic Pressing Without Recently, Miyamoto et al. (Ref 5)
Additives. In anticipation of gaining HIPed four kinds of starting powders from
improved high temperature performance, different commercial sources. Specimens
many efforts have been made to densify were fabricated at 180 MPa and 1,850 to
silicon nitride without additives and using 1,900 'C for 1 hour using glass containers
high pressure techniques. Yamada et al. andwithheatingratesof9°C/min. Figure 7
(Ref 3) sintered silicon nitride to nearly full is a schematic of their fabrication process,
density by hot pressing high purity powders along with HIP schedules.
-it 3 GPa and 1,600 'C for 1 hour. These In this research four kinds of corn-
studies showed that high pressure can pro- mercially available powders were used;
mote the rate of alpha to beta transforma- their characteristics are listed in Table 4.
tion and also reduce the sintering tempera- Powders noted as SN-A and SN-B are pure
tures. Okuda et al. (Ref 4) produced 99- powders synthesized by nitridation of Si,
percent-dense silicon nitride by HIPing and SN-C and SN-D are also highly pure
pure powder prepared by nitridingsilicon at powders made by thermal decomposition of
150 MPa and 1,900 to 2,000 C for 2 hours. Si(NH)2. These powders were formed into
Interestingly, while they measured pellets 6.8 mm in diameter and 18 mm long
strengths of 249 MPa at room temperature, and pressed isostatically at 100 MPa at
the material strength at 1,200 'C was room temperature. Next theywereprefired
reported as 460 MPa! at 1,200 'C for 1 hour in a vacuum (10k Pa).
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Figure 7. Schematic of fabrication process and HIP cycle (after Ref 5).

Table 4. Powder Characteristics

a Phase Chemical Composition (wt. Surfac

Powder Content 
Aa 

8
(wt. %) N 0 C F Fe Al Ca Na Cl (m

2
/g)

SN-A 93 38.47 1.30 0.14 0.07 0.03 0.05 0.008 0.001 -- 10

SN-B 93 38.47 1.40 0.17 0.12 0.01 0.04 0.005 0.001 -- 23

SN-C 88.7 39.0 1.20 0.08 18a -- 10a -- 0.1 7

SN-D 97 38.0 1.70 - - < 50 a <50a <5 0 a <- 5 0a 13

SN-A: H.C. Starck, LC 1 (nitridation of Si)
SN-B: H.C. Starck, LC 13 (nitridation of Si)
SN-C: Toyo Soda Manufacturing, TS-7 [thermal decomposition of Si(NH) 2]
SN-D: Ube Industries, E-10 [thermal decomposition of Si(NH) 21
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The resulting green bodies were placed into method up to temperatures of 1,000 'C.
a BN capsule, folded into tantalum foil, and Results of the tests are shown in Table 5.
placed in a pyrex ;!a:s container that was T21-atc,,, 1,,aya.s', and Wada
evacuated to 0.1 Pa and sealed. These (Ref 6) investigated strength and fracture
sealed containers were then packed in BN toughness of HIPed silicon nitride with
powder in a graphite crucible. All HIP various additives. Table 6 summarizes their
experiments were completed in argon gas results. Note the relatively high strengths at
pressure. Initially the container was heated both room and elevated temperatures.
to 730 C under 2 MPa pressure, then the Yoshida et al. (Ref 7) studied sintered
heating rates shown in Figure 7 were HIPed silicon nitride without additives.
applied. Sintering was for about 1 hour at Their data are shown in Figure 8.
180 MPa and about 1,850 'C. After sintering
the glass container was stripped away and Hot Isostatic Pressing of Other Ceramics
specimen surfaces cleaned by polishing.
The cylinders were cut into disks by a Regarding other materials, Suzuki
diamond saw and polished with several et al. (Ref 8) studied the oxidation behavior
grades of alumina lapping cloth, then of sintered silicon carbide with the addition
flexure specimens 3 by 3 by 15 mm were of alumina oxide. It was found that the
prepared. Five flexure specimens were oxidation kinetics in air at 1,200 to 1,300'C
made for each type of powder. Crosshead were parabolic with oxidation time up to
speeds of 0.5 mm/min and 10-mm spans 1,000 hours and the 1,300-'C flexural
were applied. The Vicker's microhardness strength did not change with time up to
was measured with 200-g loads for 5 seconds 1,000 hours. Therefore, HIPed SiC with low
up to temperatures of 1,200 'C. Fracture alumina content exhibited excellent oxida-
toughness was measured by an indentation tion resistance.

Table 5. Summary of Test Results (Density and Mechanical

Properties) of Silicon Nitride Ceramics
Without Additives Sintered by Hot Isostatic
Pressing

Relative I K Flexural
Specimen ty DH ic Strengthg/3 Dens ity ( GPa ) (MN/m3/2 ) Strnh

(g/cm) (%) (a(MPa)

SN-A 3.17 99.3 20.8 3.40 570

SN-B 3.15 98.7 21.2 3.76 620

SN-C 3.15 98.7 25.3 3.54 836

SN-D 3.12 97.8 2C.6 3.40 499

Average 3.15 98.6 23.5 3.53 630
(±0.02) (+0.7) (±3.0) (±0.20) (±200)
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Table 6. Hot Isostatically Pressed Silicon Nitride With
Additives (after Ref 7)

Flexural Strength Fracture

Material Additive Sintered (Four-Point Bending Hardness Toughness
No. (wt. %) Density Test) (MPa) (GPa) (IF Method)

RT 1,200 'C 1,400 'C (MPaJ)

1 lY 3.19 843 462 326 15.9 4.8
2 3Y 3.22 702 583 367 15.0 3.0
3 5Y 3.25 715 457 257 13.8 5.8
4 1Y 3.31 667 391 288 13.5 6.2
5 iZ 3.13 538 408 254 14.9 4.6
6 3Z 3.22 512 560 411 16.4 3.8
7 3.25 506 628 463 16.3 4.0
8 10z 3.32 583 656 461 16.1 4.5

95 -1900 "C, I8 MPa, 2 h

~80 5 s .. 5t % Mgo, YO,

I zn=71 No additives
40 - m 7.13 0 % 0 0 0 0

20 - 1

10 0 I I I

5 0 RT 400 800 120

Tempcrature (0C)

I I 1 I

300 5w0
Flexural Sftrg (MPa) 3

1000 -:)CP 
Q~a2,100

500, --

0_ 2
If I II

I I RT 400 800 1WN

- RT 400 800 120) Temperature (oC)
Temperature (-C)

Figure 8. HIP-sintered silicon nitride properties (after Ref 7).
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As for other materials, substantial and hardness have led to use of such mate-
efforts have been devoted to partially stabi- rials for certain types of cutting tools. Shin
lized zirconia. For example, consider the et al. (Ref 10) investigated the behavior of

oc.... f Siiata of Toiioku University pesintered Al20 3 and Al 2O,/ZrO, com-
(Ref 9). Figure 9 is an interesting summary pacts via HIP processing. The room tem-
of some of hAs studies in terms of strength perature flexural strength and fracture
and fracture toughness. Th- marked effect toughness results appear in Figure 10. It
of hot isostatic pressing is apparent in the was learned that at both low and high tern-
graph, as is the nonlinear relationship of peratures, strength values of zirconia-
strength and fracture toughness. toughened alumina were markedly higher

Alumina zirconia ceramics have than those of alumina.
also been studied extensively. Significant
increases of strength, toughness, modulus,

2.01.-
HIP- Y-PSZ

Ce-PSZ/A12,,O

Ce-PSZCe _psz~talO "---

10 20 30 40

Fracture Toughness (MN,/m)

Figure 9. Strength versus fracture toughness of various partially stabilized zirconia (after Rcf 9).

o 10.8 ZTA

j 0.4"- 88 "T

0.6 -

I
-0 - 6120[ A120,

0.4 [~~ -.--- 6, F_______
2

0.2 4

5 10 15 60 5 10 15 60

Hipping Time (min) Hipping Time (min)

Figure 10. Room temperature flexural strength and fracture toughness (after Ref 10).
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Sonve Hot Isostatic Pressing Applications various ceramics. Kobayashi and Wada
(Ref 13) examined the strengthening effect

Hot isostatic pressing has been of various types of ZrO2 powders inconvcin-
applied to enhance the strength of turbo- tionally sintered silicon nitride ceramics.
chargers and other conponents. In another They observed enhanced densification with
type of application, Kuribayashi et al. theadditionofbothY2OandMgA2O,. For
(Ref 11) demonstrated the improvements instance, room temperature strength of
achieved by HIP treatment of plasma- specimens with ZrO,/YO, was 880 MPa,
sprayed ceramic coatings on stainless steel. and this was increased to about 1,100 MPa

Coatings of alumina, zirconia oxide, and by adding MgAI2O,. Relatively high tough-
yttria and titanium carbide were used. The ness values of 7.0 to 7.5 MPariii were
effects of HIP treatment between 1,100 and achieved. High temperature strength of the
1,300 'C on plasma-sprayed A120 3, ZrO , ZrOJY20 3 containing materials was about
and TiC coatings on the stainless steel were 600 MPa at 1,200 'C. Variation of flexural
to considerably improve both Vicker's strength with tempe;mtvre is shown in
hardness and bond strength in all the coat- Figure 11. Masaki and Sinjo (Ref 14)
ings. Recently, Takano et al. (Ref 12) studied yttria-stabilized zirconia, both par-
studied fabrication of TiB/Ti composites tially stabilized (PSZ) and stabilized teirag-
via sintering under self-combustion and hot onal zirconia polycrystals (TZP), fabricated
isostatic pressing! by hot isostztic pressing. Fracture tough-

ness increased nonlinearly with a decrease
Zirconia Ceramics of 2.5 to 2.0 mol % Y 20 and a. aximum

value of 20 MPafr was achieved. Figure 12
Strengthening With Zirconia shows flexural strength and fracture tough-

Addition. Zirconia addition has been ness of Y-TZP and Y-PSZ sintered at 1,300
shown to be effective in strengthening to 1,600 °C.

I000 - 3pt. Bending

0 0

DZ2
250 vZ3

"Z4
0 ! I i

0 500 1000
Test Temperature (6C)

Figure 11. Variation of flexural strength of yttria-stabilizcd zirconia with temperature (after Ref 13).
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Figure 12. Relation between flexural strength and fracture toughness of
Y-PSZ and Y-TZP eIPd at 1,30) to 1,600 °C (after Ref 14).

Takahata et al. (Ref 15) investigated Hot isostatically pressed Y-TZP/20 wt. %
the strength-toughness relatiotship of four Al 20, had high room temperature strength
kinds of TZP-based ceramics, including greater than 2 GPa, while 12 mol % CeO 2-

Y-TZP, Y-TZP/A120, , Ce-TZP, and Ce- TZP had high fracture toughness of more
TZP/AI20 ,. It was found that the Al 2 3  than 30 MPa.fmi by the 1M method
additive was effective for strengthening (12 MPam by SR). The HIPed Y-TZP/
TZP while CeO2 was effective in increasing Al 2 3 materials showed the highe.,t
fracture toughness. The four powders used elevated temperature strengths.
were prepared by the hydrolysis method.
Green compacts were sintered at 1,400 to Whisker Reinforcement. Other
1,600 'C, and hot isostatic pressing of the researchers have sought to enhance high
sintered materials was accomplished at temperature strength by other methods.
1,500'C and 100MPainargongas. Strength Yasuda et al. (Ref 16) used silicon carbide
was determined on specimens (3 by 4 by whiskers and found good strength retention
40 mm) measured via three-point bend using 20 to 30 vol % of whiskers in PSZ.
tests using spans of 30 mm at room Figure 14 illustratesthe influence of volume
temperature and at 1,200 'C. Fracture fraction at room and elevated temperatures
toughnesswas measured bythe indentation in their study of whisker reinforcement.
microfracture (IM) method and the Note that four-point flexure tests (13.3/40-
chevron notched short rod (SR) method. mmspans)wereconductedon3-by4-by50-
Figure 13 summarizes some of the results. mm specimens.
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Figure 13. The relationship between strength and toughness for
four kinds of TZP-based ceramics (after Ref 15).
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Process Optimization. Nakajima
and Masaki (Ref 17) determined the effects
of hot isostatic pressing in an oxygen-

0,, 8containing atmosphere. In their study,
yttria partially stabilized zirconia was made

. 6001 by pressureless sintering at 1,450to 1,5 0C
o for 2 hours in air and HIPing under argon

4 0 0r atmospheres with varying oxygen contents
= at 1,400 to 1,450 °C. PSZ materials HIPedX 0

0 10 20 30 in pure argon were found to suffer much
SiCw (vol %) more degradation than those prepared in an

oxygen-containing atmosphere. Results for

LE the different materials are shown in
Figure 15.10 10

0 0. OVERALL COMPARISON OF
m 8 u 0PROPERTIES

X: 6 Figures 16 and 17 summarize some
0 of the estimates a Japanese committee

-4- 0 gathered together. These results are based

on questionnaires, meetings, and manufac-
, 2 turers' catalogues. Figure 16 shows both the

'v 0' range of "current" values for the silicon0 i0 20 3ASiCw (Vol%) carbide (structural) ceramics at that time
44 (1983-85) and also indicates the partici-

pants' estimated "anticipated" or future
0000 V potential for these materials. Figure 17

-2D N,34 %presents similar "current" and "antici-
Soo 30,,t,, pated" modulus of rupture versus tempera-

DJ ture values for silicon nitride and several
t 60 other structural ceramics. Contrasting the

current and anticipated values for nitrides
S400 and carbides, it is interesting that this com-0n mittee seems to believe that the nitrides are

200 capable of greater improvements. Perhaps
C [ this is due 1o lack of experience with car-

X 0 , bides. Note also that the strength versus

me0 400 BOO temperature curves for anticipated proper-Temperature ('C) ties are more or less flat out to 1,500 °C.

Figure 14. Flexural strength and fracture There is also optimism in projecting
toughness of whisker-reinforced PSZ as improved high temperature performance
a function of temperature and volume for both carbide and nitrides, as well as
fract;nn of SiCw (after Ref 16).
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enthusiasm for hot isostatically pressed application. Of course it is not a simple task
partially stabilized zirconia (HIPPSZ.) In to arrive at such estimates. Many types of
any case these estimates are for modulus of test methods and specimens are used, even
rUptUre; there are iumerous other mechan- in flexure testing, and this leads to some
ical and physical properties that control the confusion in the data base.
selection of a material for any specific
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Figure 16. Currcnt and future propertv valucs for various types of silicon carbide (JSAE estimates circa 1985).
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Figure 17. Current and anticipated property values for silicon nitride and
other structural ceramics (JSAE estimates circa 1985).
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It is true that the majority of data for silicon nitride (SSN) and hot isostatically
the newer ceramic materials developments pressed silicon nitride without additives.
has been generated on relatively small Included is a set of results described by
specimen sizes and scale-up of the pro- Chen (Ref 18). This is for mullite produced
cesses is a major requirement. Nonetheless, by sintering of spray-dried power contain-
the improvements and varieties of new ing 68 wt. % A1203. Chen mentioned three
materials and processes are impressive and procedures to improve room temperature
encouraging. Let us glance at Figure 18, properties of mullite: ZrO2 alloying, SiC
which shows in aschematicway the trends in whisker reinforcement, and diphasic
modulus of rupture versus temperature for mullite with amorphous SiO 2. He states that
various materials. Modulus of rupture data bending strengths were increased from 200
for early (1970s) reaction-bonded silicon to over 500 MPa and fracture toughness
nitride (RBSN) and hot-pressed silicon improved from 2 to 7 MPai-. Another
nitride (HPSN) are shown along with some interesting ceramicvariety is partiallystabi-
of the more recent results for sintered lizedzirconiawithvariousadditives, suchas

alumina, and with SiC whiskers.
MPa MN/ r 2 kSi

1380

1242 180

1104 160

966 1000 - 140 - IP Without Additives

828 120 Presureless Sintcred' .

690 100
600

552 80

414 400 60

276 40
200

138 20 Early RBSN OF

500 1000 150 2000 2500 3000

0 500 100 1500

OC

Modulus o( Rupturt Versus Temperature

Figurc 18. Trends in strength improvcmcnt for various cLramics.
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Regarding other HIPed ceramic (Ref 19). Post-HIPing can markedly
materials, significant progress has been improve properties. The HIP process not
made. Development of zirconia-toughened only in itself but in combination with other
ceramics, for instance, has proceeded at a processes permits fabrication of materials
rapid pace. Recently, strengths of sintered that would otherwise be impossible. As for
Y-TZP (tetragonal zirconia polytype) typical effects of post-HIP, these include
ceramics were attained as high as those improvements to microstructure and also
measured about 1 year ago on sintered and enhancement of properties. HIP effects on
H IPed materials (4 to 6 wt. % Y203). Values microstructure range over a wide number of
obtained for these ceramics for room tem- aspects including eliminating residual
perature were 1,137 MPa bend strength and pores, minimizing agglomerates, and heal-
7 to 10 MPa,/i fracture toughness. At ing small subsurface cracks. HIP effects on
1,000 'C the values dropped about properties include improvements to final
65 percent. Encouraging results were density, strength, creep resistance, fracture
obtained with Ce-ZTA (zirconia- toughness, oxidation, and wear resistance.
toughened alumina) with better toughness Such results are based on proper indepth
than Y-TZP, and strength reduction was knowledge of processing parameters and
about 34 percent of ambient strength techniques. Numerousexampleshavebeen
(740 NIPa). Aging behavior remains to be presented in this article of new combina-
more fully explored and improved. In the tions of materials and process techniques.
meanwhile this class of HIPed materials has The interested reader is referred to
achieved higher strengths, toughness, and the Selected Bibliography (Appendix B) for
improved thermal aging behavior. For additional information.
instance, HIPed Y-TZP/20 wt. % AL2O
had high room temperature strength REFERENCES
greater than 2 GPa, while 12 mol % CeO-
TZP had high fracture toughness of more 1. S. Skogun, ASEA Metallurgy, AB, and
than 30 MPafm. The HIPed Y-TZP/A 2 0 3  H. Larker, ASEA Cerama, AB (private
materials showed the highest elevated communication) Feb 1986.
temperature strengths of over I GPa at
1,000 11C. 2. T. Shimamori, H. Matsuzaki, T. Kato,

Y. Tajima, and Y. Matsuo, "High tempera-

CONCLUSIONS ture properties of post sintered silicon
nitride," in Proceedings of the Second Inter-

From the application viewpoint the national Symposium, Ceramic Materials and
consistency of ceramic products remains Components for Engines. Lubeck-
problematical for high performance Travemunde, FRG, April 1986.
ceramics in general, particularly in scale-up
of components. However, we have seen the 3. T. Y;mada, M. Shimada, and
marked improvements that can be achieved M. Koizumi, "Densification of Si3N by high
in properties and uniformity of components pressure-hot-pressing," Am. Ceram. Soc.
via hot isostatic pressing technology Bull. 60(12), 1281-88 (1981).
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18. E.S. Chen, "First International Work- assignment on structural ceramics. Nowheis
shop on Mullite: New developments for an on an ARO assignment. His studies forARO
old material," Scientific Bulletin 12(4), 48- will be devoted to advanced materials and
50 (1987). relevant emerging technologies. Dr. Lenoe is

the author of more than 120publications and
has edited four technical books.
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Appendix A

SEVENTH KOBELCO SEMINAR

Recently I attended the Seventh A. Fujiwara discussed powder prep-
HIP Seminar Program sponsored by aration and manufacturing techniques,
KOBELCO at the Kobe International describing various approaches for atomiz-
Conference Center. There were over 300 ing and combining powders and mixing
attendees and 15 presentations during this techniques for additives. He presented data
symposium. Two presentations were in for aluminum and titanium and various
English and the others were in Japanese. alloys. Afterwards Professor R. Hayashi of

After the opening remarks, Kyoto University gave a most interesting
Professor M. Koizumi reviewed the June lecture on high pressure phenomena
1987 international conference, which was applied to manufacture and storage of
held in Lulea, Sweden. He outlined the foods. He presented a variety of results for
presentations of that meeting and briefly different organic materials. Under room
gave selected highlights, including r-p orted icinperature and pressures ranging from
results on sialons; HIP developments in 1,000 to 10,000 psi, germs and viruses are
other advanced ceramics, metals, and destroyed while taste and vitamin contents
alloys; and the analytical modeling of the generally are unaffected. Most covalent
HIP process. bonds in proteins are un,,hanged by pres-

T. Mihara of Kubota Ltd. described sure. He indicated very few people are
his company's activities in hot isostatic studying life sciences under high pressure
pressing of machine parts. These activities environments.
included evaluations of some metal matrix Mr. Nakagawa (KSL) gave an
composites, which showed a sevenfold indepth lecture about numerical modeling
reduction in wear rates compared to unrein- of the cold isostatic pressing (CIP) process.
forced matrix material. Professor Ichinose Efforts were motivated by recurrent fail-
(Waseda University) reviewed supercon- ures in preparing powder compacts.
ducting materials development. He cited KOBELCO markets an Apollo workstation
the challenges to the materials community (Y4 million to Y5 million) that has an inter-
as: developing improved density, shaping active version of the CIP model. A fairly
and forming techniques, and microstruc- conventional set of constitutive equations
tural design techniques for enhanced high and failure theories is used in the simula-
field performance; increasing fracture tion. To avoid powder compact failures,
resistance; and understanding the role of special rubber molds are designed, based on
grain boundaries. He presented some data calculated deformations of the compact.
that indicated that specimen polishing Basically the mold geometry is changed to
caused a slight reduction in To (96.8 to 95) in minimize distortion during cold isostatic
his samples. He stated that replacing pressing; essentially the mold is an inverse
barium with strontium had not proven of the calculated deformations.
effective in his studies.
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Professor K. Ishizaki, from the Dr. K. Koga described Kyocera's efforts on
Technological University of Nagaoka, dis- HIP sintering of silicon carbide. He
cussed the effects of Si3N, particle size in described microstructural changes and
HIP sintering. His main theme was the lack presented mechanical and tribological data
of understanding of the sintering cycle, for various CIP and HIP processing param-
Using recently acquired HIP equipment, he eters, showing substantial improvements in
is attempting to obtain detailed data on the properties and results competitive with the
actual sintering environment and develop highest reported strength measurements.
analytical models. The concluding paper, given by

Dr. Rickinson, from the United Dr. S. Wada of Toyota Central Laboratory,
Kingdom, reviewed the metal casting area, dealt with direct HIP sintering of silicon
with emphasis on the role of hot isostatic carbide. Dr. Wada stated: "We are a little
pressing. Y. Narukawa and T. Naoi bit behind Europe," and then proceeded to
reported on the latest HIP and CIP equip- give a comprehensive summary of Toyota
ment. Dr. T. Fujikawa described his achievements in producing silicon nitride,
research on oxygen atmosphere effects in including silicon nitride reinforced with
hot isostatic pressing, particularly in super- four types of SiC whiskers. He concluded
conducting materials. Y. Fuda (Tohoku that both SiC and Si3N,, produced via HIP
Kinzoku Ltd.) gave a lecture on laminated, sintering, without additives, can meet cur-
stacked, and HIPed piezo actuators. rent engine requirements.
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MEGAGAUSS MAGNETIC FIELD FACILITIES

AND RESEARCH IN JAPAN

Dean L. Mitchell

F acilities for research in steady-state physics award to K. von Klitzing for dis-
magnetic fiels to 30 Tnow are avail- covery of the quantum Hall effect. It is

able at laboratories in the United States, worth noting that both those investigations
Japan, and Europe. Significantly higherdc required high fields at the limits of then
fields for research are not expected in the current dc magnet technology, i.e., 1 T for
near future. Pulsed-field facilities have the Zeeman effectand30Tfor the quantum
been developed in anumberof laboratories Hall effect.
with peakfields extending upwards from 40 Research in high magnetic fields was
to 250 T for pulse times ranging from reviewed by the Solid State Sciences Com-
seconds to nanoseconds. Thefollowing is a mittee of the National Research Council
summar " of a sun'e of Japanese high (NRC) in 1979. The published report
magnetic field facilities, instrumentation, (Ref 1) gives broad coverage of the inagpet
and research opportunities for the mega- technology and current status of high
gauss regime, i.e., fields in excess of 50 T. magnetic field facilities in the United States

and abroad and of scientific opportunities
and technological applications. The report

INTRODUCFION concluded that there were significant
opportunities for advances and recom-

Modern developments in magne- mended major projects to provide labora-
tism and magnetic field research owe their tory facilities for quasi-static fields up to
origins to the discovery by Oersted in 1820 1 megagauss (MG) (100 T) and short-pulse
that electrical currents generate magnetic fields extending to 10 MG (1,000T). These
forces indistinguishable from those asso- goals, while recognized as optimistic, were
ciated with permanent magnets. Subse- put forth by the panel in recognition of the
quent explorations of the origins of this importance of high field research to investi-
equivalence have led to remarkable gations of the properties of matter.
advances both in the generation and control Recent developments in high mag-
of magnetic fields, in the use of laboratory netic field research support the vision of the
fields to probe the microscopic properties Solid State Sciences Panel almost a decade
of matter,and in applicationsto technology. ago. High field phenomena in low dimen-
During the present century., such investiga- sional electronic systems have been dis-
tions have yielded a dozen Nobel prizes covered with high field thresholds extend-
beginning with the 1902award in physics to ing beyond the range accessible with dc
H. Lorentzand P. Zeeman fortheirworkon fields. These include the quantum Hall
the influence of magnetic fields on atomic effect (Ref 2) and fractional quantum Hall
spectra and extending through to the 1985 effect (Ref 3) in semiconductor inversion
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layers and quantum well devices, as well as The chaotic status of the field, at the
a variety of field-induced electronic phase present time, precludes a considered assess-
transitions observed in low dimensional ment of the impact of the new supercon-
conductors such as graphite (Ref 4), ducting materials on high magnetic field
niobium tri-selenide (Ref 5), and organic facilities and research. The implications
charge transfer salts (Ref 6). Also, new are profound both in terms of the long-
materials systems under development range potential for high field magnets and in
require higher fields to characterize elec- terms of the immediacy of the need for
tronic and magnetic properties. These higher field research magnets to investigate
include the recently discovered heavy the properties and phenomenology of these
fermion superconductors (Ref 7) and hard new material systems.
magnetic materials based on rare-earth ion The status of high field facilities in
borides (Ref 8). Subsequent to the NRC the United States has not changed signifi-
study, the Major Materials Facilities Corn- cantly since the time of the 1979 NRC
mittee of the NRC reviewed the broader report. Superconducting magnets are
requirements for large facilities in mate- commercially available for fields up to
rials research and related disciplines in about 15 T for research in individual labo-
1984(Ref 9). Improved capabilities for high ratories. Steady-state fields to 17 T are
magnetic field research were recom- available for research at the Naval
mended, with new and upgraded facilities Research Laboratory and to somewhat
for synchrotron radiation and neutron scat- above 20 T at the Francis Bitter National
tering research as priorities during the next Magnet Laboratory (FBNML) using Bitter-
decade. type resistive magnets. Higher dc fields.

The scientific imperative for devel- 30T, are available at FBNML using a
oping higher field research magnets has hybrid Bitter-superconductor magnet
been reinforced dramatically by the recent system. The design and construction of dc
discovery of new high temperature super- magnets for fields much above 30 T face
conducting ceramic materials. Following increasingly severe thermal and mechanical
the initial report of possible superconduc- constraints; fields above 50 T are not likely
tivity at 35 K for Ba-La-Cu-O perovskite in the next decade.
systems in 1986 (Ref 10), there has been an Pulsed techniques using capacitive
unprecedented rapid advance in the dis- energystorage have been used inthe United
covery of new materials with criti al tem- States to generate peak fields up to 70 T
peratures (Ref 11) and inferred upper criti- nondestructively (Ref 12, 13) and to above
cal fields increasing apace (T. > 90 K and I MG(100 T) with coildestruction (Ref 14).
H42 > 100 T). The rate-of-progress has Although techniques for generating pulsed
indeed been so rapid as to outstrip the fields above 50 Tare well established, labo-
ability of norma! publication channels to ratory facilities for general research use in
respond as exemplified by the New York the United States are lacking. At present,
Times report of the special session held at FBNML provides user access to pulsed
the American Physics Society Meeting at fields extending to 45 Twith plans to extend
New York in March 1987. the range to 60 to 70 T in the near future.
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Peak fields in the multimegagauss regime the magnet facilities that have been devel-
have been produced in several U.S. labora- oped for research applications in the mega-
tories, notably Los Alamos National Labo- gauss regime have relied on the use of field
ratory (LANL) (Ref 15), Lawrence coils driven by capacitive power supplies.
Livermore Laboratory (Ref 16),and Sandia This approach has obvious advantages in
National Laboratories (Ref 17), using terms of simplicity, adaptability, and reli-
implosive flux compression and pulsed- ance onwell-developed pulsed-power tech-
power techniques. However, the scale and nologies. The experience at the ISSP in
complexity of those field generation tech- Tokyo indicates that this is a practical
niques obviate their routine use for small- approach for peak fields up to at least 250 T.
scale laboratory experiments. Scaling arguments suggest that

While the United States has somewhat higher fields may be obtained by
remaincd relatively static for the last usingfieldcoilsdrivenbyothertypesoffast-
decade in developing higher field user facil- discharge power supplies with pulse times
ities, laboratories in Japan have moved shorterthan those attainable with capacitor
forward. The High Field Laboratory for discharge. Experiments to demonstrate the
Superconducting Materials at Sendai has feasibility of this approach have been
several hybrid magnets with peak fields in carried out at the Institute of Laser Engi-
the range 20 to 30 T. Facilities with pulsed neering (ILE) at Osaka. A focussed beam
fields in the range of 40 to 50 T are located from the Gekko VIII CO, laser was used to
at Sendai and Tokyo. The only laboratories produce a plasma rich in energetic electrons
presently operating above 50 T for small- (E > 5 keV) which, in turn, provided a
scale laboratory experiments are in Japan. nanosecond current pulse to a 1-mm-
The high field laboratory at Osaka Univer- diameter cylindrical coil. Peak fields of the
sity can generate fields for research in order of 400 T, as measured bypick-up coils,
excess of 60 r using nondestructive coils. were reported in experiments to date
The laboratory at the Institute for Solid (Ref 18).
State Physics (ISSP) in Tokyo can produce
fields in excess of 2 MG (200 T) for experi- CURRENT STATUS: FACILITIES
ments in which the coil is destroyed but the AND RESEARCH
sample chamber is preserved. To date, only
limited experiments have been carried out dc Field Facilities and Research
at fields above 1,000 T, mainly directed to
measurement ofthemagnitudeofthefield. Steady-state fields continue to be

It is now clear that order-of- thechoiceforthemajorityofusersinvolved
magnitude increases in dc fields produced in high magnetic field research. Supercon-
in the laboratory are not likely. Material ducting magnets are available commer-
:onstraints and practical power consideia- cially for fields up to 15 T and are in wide
tions indicate that factor-of-two increases use. The upper limit for laboratory super-
over 30Tare the most that may be expected conducting magnets currently is 17.6 T.
in the foreseeable future. Forthemostpart, Steady-state fields in excess of 30 T are
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available at the Francis Bitter National laboratories have built small magnets for
Magnet Laboratory (FBNML) at MIT and magnetotransport and magneto-optical
the High Field Laboratory for Supercon- experiments to avoid moving experiments
ducting Research at Tohoku University. to larger scale dc facilities. Commercial
The hybrid magnets used in the United magnet systems have been developed by
States and abroad to generate 30-T fields Maxwell Laboratories under the trade
consist of an inner resistive magnet, driven name Magneform for industrial applica-
by a 5- to 10-MW power supply, and an outer tionssuch as impact welding, metal swaging,
superconductingcoil operating at cryogenic and assembly of metal to nonmetal joints.
temperatures. Maximum dc fields for An experimental unit, using a proprietary
hybrid magnets are subject to material coil design, has been operated successfully
limits and available power supplies. Signif- at 70 T with microsecond pulse times with-
icant increases (factor 2) in dc field out coil destruction (Ref 13). The
strengths are not expected unless new Magneform magnet systems would require
superconducting materials become avail- minimal modification for use as research
able with hiher upper critical fields than magnets.
for current commercial superconductors. The generation of peak fields above
The very recent discovery of copper-oxide- 60 T with pulse times longer than milli-

based ceramic materials with transition seconds or above 40 T with pulse times
temperatures of the order of 100 K and longer than tenths of seconds requires facil-
inferred upper critical fields above 100 T ities on a scale not practical for individual
may indeed make such a quantum step research projects. To meet this demand.
feasible in the future. In the interim, how- pulsed-field facilities have been devcloped
ever, pulsed fields will likely be in even in a nuniber of laboratories \vorld wide for
higher demand for studies of these mate- multipurpose experiments. A profile of
rials in fields to 100 T and above, typical peak field values and pulse times at

Research in fields to 30 T is the major Japanese centers is shown in
extreniely broad based and multidisciplin- Figure 1. Peak fields range from 40 to
a . Some of the topical areas with strong 400 T, pulse times from seconds to nano-
interest and activity are summarized in seconds, and experimental volumes from
Table 1. several cubic centimeters to cubic milli-

metersor less. All of the centers except the
Pulsed-Field Facilities and Research Institute of Laser Engineering at Osaka

have active research programs to use the
For many research applications, facilities. The ILE datum (point 4) repre-

small-scale pulsed magnets with milli- sents initial experiments usinga new type of
second pulse times offer a convenient and pulsed-power supply and is included to
inexpensive alternative to dc magnets for indicate a potential extension of the peak-
fields to 30 to 40 T. Cooled copper coils field/pulse-time regime for coil-generated
operate safely and reliably and require fields beyond the range accessible by
mode.,t capacitive power supplies. Many capacitive power supplies.
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Table 1. Some Current High Field Studies of Solids

Topics Systems

Local ization/Delocalization Spin Glasses

Amorphous Alloys

Low-Dimensional Conductivity Inversion Layers
(Quantum Hall Effect) Heterostructures

High Temperature/High Field Rare-Earth/Copper-Oxide Ceramics
Superconductivity Heavy Fermions

Electronic Phase Transitions Organic Conductors

Charge-Density-Wave Materials

Marietic Properties and Rare-Earth/Iron Permanent Magnets
Phase Transitions Actinide/Rare-Earth Compounds

COIL-GENERATED FIELDS
AT MAJOR LABORATORIES

1 - ISSP-Trokyo
Sendai

2 - Osaka
103 3- ISSP-Tokyo

4- 1IE-C)saka

-4

z-
U. 3

2
m "1

101 I I ! I ! I I i I
10- 9  10--8 10 7 10-6 10--5 10--4 10 - 3  10 - 2  

10 1

PULSE HALF-VIDTH T. (sec)

Figure 1. Rcprescntative values for the peak magnetic Fields generated by field coils aLt major high field
laboratories in .lapan arc shown together with corresponding values for the pulse times. The pulse
half-width T is taken to bc thc rise time to peak for capacitor driven coils. The peak fields and pulse
tirncs are typical of values reported for experiments carried out in pulsed fields except for thc box
listed for the Institute of L.ascr Engineering at Osaka. This darum, box 4. is included to indicate the
potential extension of lab(,ratory fields with ultra-short pulse times.
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High Magnetic Field Laboratory, gives the upper critical fields for sUpercon-
Osaka University ductivity in the Chevrel phase system

Pb,. Eu.MooS 8 Ref 19). These upper criti-
The high field laboratory at Osaka cal fields are among the highest reported to

University (under the direction of Professor date and are considerably in excess of those
Muneyuki Date) has evolved over the past for commercial superconductors.
decade to rank as a major international
center for pulsed-field research. Currently, Upper Critical Field

fields up to 60 T (routinely) or 80 T 60Pb , Eu MoS

(occasionally) are available for experi-
ments with pulse times on the order of a
millisecond. The fields are generated by 50

capacitor discharge (1.25 MJ) through
compound magnets consisting of concentric
helical coils machined from maraging steel.
Each of the mechanically independent coils X 0.0
is designed to operate near the stress limit
for steel, which is considerably larger than K
that for copper-based conductors. Two
helices are required to generate 80 T, three
or more would be required for 100 T.

The laboratory is well instrumented 2

for transport, magnetization, and magneto- x - 0.5

optical experiments in pulsed magnetic N
fields. The techniques and instrumentation 10

for high field magnetization experiments
are particularly well advanced. They have
been used to study magnetic interactions 0 .05 10 1

and magnetic phase transitions in a field TEMPERATURE [Kean)

range not otherwise accessible.
In addition to the extensive studies

of magnetic phase transitions and high-
order exchange interactions, the Osaka Figure 2. The upper critical field for the (horcl
group and collaborators from other labora- phase compounds and alloys
grop iPb AEuMoS, is shown for t\Ao allo

tories in Japan and abroad have used the compositions over the temperature
pulsed-field facility for a variety of nag- range from 1.2 K to the critical

netotransport and magneto-optical experi- temperature. The values for |l%.:, c

ments including the Zeeman effect for obtained from resistance mcasurcnlcrts
excitons in layer-type semiconductors, the carried out in pulsed fields extending to,

65 T. The shape of the curve for x - 0.5
Paschen-Bach effect in atomic sodium, and is presumed due to the presence of

magnetic birefringence in liquid organics. mixed metallurgical phases (after

An example is shown in Figure 2, which Ref 19).
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Ultra-High Magnetic Field Laboratory, The laboratory is well equipped with
Institute of Solid State Physics, x-ray flash cameras, lasers, streak cameras,
University of Tokyo and fast data acquisition systems to permit

precision transport and optical experiments
The Institute of Solid State Physics to be carried out over a wide range of

(ISSP) in Tokyo, under the direction of experimental conditions. The development
Professor Noboru Miura, recently has of cryogenic techniques for low tempera-
focussed its efforts on development of tech- ture experiments approaching 4 K and the
niques and facilities for research on matter use of fiber optic data links are particularly
under extreme conditions, such as micro- noteworthy.
Kelvin temperatures, megabar pressures, The range of capabilities at ISSP
and megagauss magnetic fields. Beginning gives the laboratory a unique status among
in 1979, the high magnetic field facility has high field laboratories. These capabilities
undergone a majorupgrade includinga new are being used for a variety of solid state
laboratory building and enhanced power experiments including magneto-optical
supplies. The laboratory currently has three spectroscopy, cyclotron resonance, Faraday
types of pulsed fields available for research: rotation, magnetic phase transitions, and

magnetotransport. Topics of current inter-
Pulsed fields to 45 T are produced on a est include: field-induced electronic phase
10-ms time scale using multiturn copper transitions in semimetals such as bismlith,

coils precooled to 77 K. Capacitor banks graphite, and graphite intercalation com-
of 200 kJ (5/10kV) and 112kJ (4kV) are pounds; electronic states and magneto-
available to drive the coils. transport in two-dimensional electron sys-

tems as in semiconductor superlattices and
N Pulsed fields to about 250 T on a micro- quantum well structures; excitons in layer-

second time scale are generated by direct type crystals: magnetic semiconductors;
discharge of a 100-kJ (40-kV) fast capac- ferrimagnetic resonance; and high field
itor bank into inertiallv stabilized, single- magnetism and magnetic phase transitions.
turn coils. The coil is destroyed: the Figure 3 gives an example of pulsed-field
sample chamber, however, is usually measurements of the magnetoresistanceof
unharmed. single crystal graphite in fields extending

above 100 T. The transition at 40 T is
a Electromagnetic flux compression also is believed to be a field-induced electronic

used to generate fields in excess of 200 T phase transition that also has been observed
for eyperments using a 1.5-MJ (10-kV) at FBNML at iower fields and lower tem-
capacitor bank for the seed field and a peratures; the transition at 80 T has been
5-MJ (40-kV) bank for the drive field. tentatively identified as an electronic phase
Development efforts are underway to transition resulting from the crossing of
extend the peak field to 500 to 1,000 T, Landau s.ibbands.
although to date fields have been limited
to about 250 T.

,ONREL SCI INFO BUL 13 (2) 88 71
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QXX48

0 10 20

(a) Temperatures in the range of 150 to 600 iK. These data were obtained at the
Francis Bitter National Magnet Laboratory (FBNML) using steady-state fields.
The breaks, indicated by arrows, are believed duc to the onset of magnetic-field-
induced electronic phase transitions (after Rcf 20).

7-10 K

0 50 100
MAGNETIC FIELD (Tesla)

(b) Data at the higher fields and tcmpcraturcs obtained using the electromagnetic flux
compression facility at the Institute of Solid State Physics (ISSP). The break at 41 T
is in line with the break observed at lower fields and temperatures at FIINML. The
break at 71 T, observed at ISSP, was attributed to an electronic pha.,c transition
resulting from the crossing of Landau subbands (after Ref 21).

Figure 3. The measurcd values for the transverse magnetoresistancc of single crystal graphite.
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FUTURE OPPORTUNITIES reduced dimensionality that have threshold
fields above 30 T. Similarly, new classes of

In the past, research in megagauss magnetic and superconducting materials
magnetic fields has been hampered by the require higher fields to explore phase
lack of magnets that could provide reliable boundaries and to probe the interplay of
and convenient operation for research magnetism and superconductivity in the
applications. The technologies required to ground-state properties. Ideally, large
construct research magnets for fields to samples with long equilibration times are
250 T are now well established. Less well required for studies of ground-state proper-
established are the techniques and instru- ties. Hence, there is a strong existing experi-
mentation required for experiments in the mental demand for higher fields with pulse
small volumes and on the short time scales times as long as possible.
available with the highest fields. Recent The major impediments to develop-
developments in advanced synthesis and ment of higher field magnets, e.g., 60 T, with
microfabrication techniques as well as pulse times approaching 1 second are the
advances in instrumental systems for fact costs of acquiring the power supply and the
experiments on small-scale samples now engineering development required to con-
make it possible to consider experiments struct massive coils capable of withstanding
not feasible a decade ago. The combined the combined thermal and mechanical
developments in magnet technology and stresses generated at the higher fields.
experimental instrumentation provide sig- Estimates based on the feasibility calcula-
nificant new opportunities for research in tions carried out at the University of
the megagauss regime. Amsterdam for copper-beryllium rein-

At present, the facilities for pulsed forced copper wire indicate that such a
magnetic field research with the highest magnet would require a 200-kg coil with a
peak fields in given pulse-time regimes are power supply capable of providing 15-MJ
located mainly outside the United States. stored energy in the field plus resistive
Fields above 40 T, on shorter time scales, losses. Using controlled rectification, it is
are attained with capacitor-driven coils estimated thatapeakpowerofl30MWrms
constructed with strong conductors: 80 T would be required.
with submillisecond duration at the Univer- The size of the power supply
sity of Osaka using maraging steel poly- required for a magnet facility in the
helices and 68 T with 5-ms duration at the -second domain together with the exten-
Fraqcis Bitter National Magnet Laboratory sive engineering development required for
using Cu:Nb filamentary wire. the magnet coils and cryogenic systems

There is a strong demand for indicate that a project on the national scale
increased fields with pulse times of milli- would be needed to build and operate such
seconds and longer. Research on advanced a facility. If, however, parasitic access to a
semiconducting and metallic materials in dc major power grid were possible, then such a
fields to 30 T has revealed a variety of new magnet would be feasible to consider as a
phenomena in electronic systems of laboratory facility.
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Scaling arguments and the experi- for microfabrication, fiber optics, fast data
ence of the existing pulsed-field labora- acquisition, pulsed lasers, and fast detectors
tories indicate that it will be difficult or can be expected to increase the number of
impossible to construct reusable magnets possible experiments in megagauss fields.
capable of producing peak fields higher For example, incorporation of optical
than80tol00Twithpulsetimeslongerthan samples in fiber optic waveguides would
a millisecond. The generation of much allow experiments confined to transverse
higher fields, therefore, requires some form dimensions of a few microns. For such
of inertial confinement of the flux as with experiments, millimeter-sized magnet coils
single-turn coils or with flux compression would be sufficient.
devices using metal or plasma liners. Labo- Another potential area of applica-
ratory scale facilities have been built at the tions for small-scale megagauss magnets is
Institute of Solid State Physics inTokyo that in their use as pressure or shockwave trans-
are capable of producing fields to 250 T ducers. Encapsulation of samples inside a
suitable for small-scale experiments on conducting shell provides away to generate
microsecond time scales. Modest power megabar pressures within the sample with
supplies are needed; at the ISSP, a 100-kJ variability in the strain rate provided by the
capacitor bank is used to drive single-turn pulse time and shell configuration. Such
coils with dimensions on the scale of centi- transducers could have application to mena-
meters. Somewhat highcr fields, 500 to surements of materials Wider combined
1,000 T, should be possible with inertially conditions of high pressure and high strain
stabilized coils, albeitwith smaller volumes rate that are not accessible by static pres-
and shorter pulse times. sure cells (diamond cell) or by standard

Theexploitation of megagauss fields shockwave techniques. Potential applica-
for laboratory experiments on solid state tions include measurements of high pres-
and condensed matter systems has been sure equation-of-state of materials, synthe-
hampered bythe short time scalesand small sis of nonequilibrium materials, and pro-
volumes inherent to inertially established cessing of brittle materials.
fields. However, the attainment of conve- The least explored and perhaps
niently accessible fields an order-of- most interesting application of small-scale
magnitude larger than dcfields opens a new and short-pulse megagauss magnetic fields
regime to investigation that is relatively is in laser spectroscopy and photochemistrv
unexplored, of atoms and molecules. Sample chambers

One area of application involves are relatively unimportant, except to set
quasi-static experiments to measure the initial conditions, since inertia is sufficient
equilibrium electronic and magnetic prop- to confine gaseous or liquid samples in the
ertiesofsolid state systemsthat have thresh- beam for .he duration of a single pulse.
old fields in the megagauss range. For such Thus such experiments should be feasible at
experiments, the short pulse times are an much hightr fields than may be possible for
impediment. However, the adoption of solid samples (500 to 1,000 T).
advanced techniques and instrumentation
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Present magnet technology provides Partial travel support by the Office
the capability for construction of research of Naval Research (Far East) is gratefully
magnets with peak fields of 250 T in centi- acknowledged.
meter volumes with microsecond pulse
times. Such fields have only recently REFERENCES
become available for experimentation on a
routine basis. A natural question that arises 1. NRCSolid State Sciences Committee,
whenever a new experimental capability High-Ma rnwtic Ficd Rscearch and Facilities
becomes available is: what lies beyond? (National Academy of Sciences,
With dc and long-pulse magnets, factors-of- Washington, DC, 1979).
two increases in field are the most that may
be expected. With inertially stabilized 2. K. von Klitzing, G. Dorda, and
fields, the limits are not apparent. M. Pepper, Phys. Rev. Lett. 45, 494 (1980).

The future development of research
and research magnets in the megagauss 3. D.C. Tsui, H.L. Stormer, and
regime appears to involve a conundrum in A.C. Gossard, Phys. Rev. Lett. 48, 1559
that increasing peak fields seem to require (1982).
increasingly larger scale magnets. Static

h1hf m ........ 4. S. Tanuma, Y. Onuki, R. Inada,
drum that was partially resolved by adopt- A. Furakawa, 0. Takahashi, and Y. lye,
ing the philosophy "ThinkSmall" (diamond Physics in High Magnetic Fields, edited by
cell). Perhaps high field research may S. Chikazumi and N. Miura (Springer, New
benefit by the philosophy "Think Small-- York, 1981), p. 316.
Measure Fast."
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Rev. Lett. 58, 405 (1987); and R. Cava, 1982, edited by M. Date (North-Holland,
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E.A. Rietman, Phv. Rev. Lett. 58, 408
(1987). 20. Y. lye, L.E. McNeill, G. Dresselhaus,

G.S. Boebinger, and P.M. Berglund, Proc.
12. S. Foner and H.11. Kolm, Rev. Sci. of the 17th hiternat. Conf. on the Phvsics of
Instrum. 27, 547 (1956). Seiiiconductors, Kyoto. !S4 (Springer,

New York, '095), p. 981.
13. N.T. Olson, J. Baudas, and A.C. Kolb,
Megagauss Physics and Technology: Proc. of
the 2nd Internat. Conf. on Megagauss 21. N.MiuraT.Osada,andT.Goto,Proc.
Magnetic Field Generation and Related of the 17th Internat. Conf. on the Physics of
Topics, Washington, DC, 1979 (Plenum Semiconductors, Kyoto, 1984, p. 973.
Press, New York, 1980), p. 521.

Dean L. Mitchell received his B.S. and
14. H.P. Furth and R.W. Waniek, Rev. Ph.D. degrees in physics froin Syracuse Uni-
Sci. Instrum. 22, 195 (1956). versity. Subsequently, he taught undergrad-

uate physics. at Utica College of Syracuse
15. C.M. Fowler, W.B. Garn, and Universi, (1958-1961), engaged in research
R.S. Caird, J. Appl. Phys. 31, 588 (1960). on semiconductors at the Naval Research

Laboratoty (1961-1974), and administered
16. J.W. Shearer, J. Phys. 40,4490(1969). research programs in solid state ph'sics at the

National Science Foundation (1974-1985).
17. R.B. Spielman, T.W. Hussey, and Dr. Mitchell was a visiting scientist at theA.F.
S.F. Lopez, Proc. of the 4th Internat. Conf. loffe Physical- Technical Institute in
on Megagauss Magnetic Field Generation Leningrad from November 1967 to
and Related Topics, Santa Fe, 14-17 July September 1968 and at the Lawrence
1986. (in press) Berkeley Laboratory from .January to

November 1985. He currently consults for the
Naval Research Laboratore and other
research organizations.

ONRFE SCI INFO BUL 13 (2) 88 76

.. ... . . . . ...-- ------. . . .J . . .... ..



SELF-ORGANIZING METHODS IN
COMPUTER MODELING:
RESEARCH AND APPLICATIONS IN JAPAN

Daniel 0. Molnar

he Group Mthod of Data Handling Man can recognize clear patterns in
(GA IDH) algorithms are aforn ofarti- two dimensions, and with difficulty some-

ficial intelligence. This artile de,,rihes the times in three dimensions. However, Unlike
original GAIDII algorithmn discusses the man, the computer can recognize N-
Japanese revision of GMDH, ald compares dimensional patterns. Frontiers of knowl-
the Japanese GMDtt research iith the edge are becoming more complex because
efforts in the United States. the more accessible areas have already

been explored. These frontiers can be
reached because the computer is the key

INTRODUCIION ilia[ has unlocked a kit of new exploratory
tools such as GMDH.

Computer intelligence is a goal for Why not use some existing modeling
Japan's next-generation computers. Artifi- software package? Because existing
cial intelligence typically brings to mind packages cannot handle large numbers of
exhaustive coding of an expert's decision independent variables and arbitrarily com-
logic. By contrast, what is of interest here is plex structures. The problem manifests
computer self-learning from some experi- itself as a large matrix inversion problem,
ences (training data base). Given a set of which is avoided in the basic GMDH by
data, regarded as a dependent variable, the repeatedly inverting matrices with dimen-
task is to identify the independent variables sion limited to 6x6.
upon which the data depend and to create a
mathematical model of the dependence. TIE ORIGINALGMDII
Specifically, the Group Method of Data ALGORIThM (Ref I and 2)
Handling(GMDH) (Ref I and 2) type algo-
rithms and their derivatives are of interest; The basic GMDH algorithm was
these algorithms are also in the category of proposed by Ivakhenenko (Ref 1). GMDI)
artificial Neural network algorithms identifies polynomial models based on data
(Ref 3). The GMDtI method of analysis presented. The primary advantage of
without a model is versatile, easy toapply to GMDH is that it self-selects the structure
different problems, and helpful for check- (degree of nonlinearity) of the model with-
ing alternative hypotheses. Nonrelevant out prior information. Consider a set of N-
variables are automnatically dropped from observations of experiments with one
consideration. dependent variable (y) and M-candidate

independent variables (X, i = 1,M).
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YI x x1 ...... x y = (x ,x2)

Y, xx x ...... Y2  = f(x,x,)

y x x, . x V= f(x,x)

These data are divided into two sets: Layer #2 uses the "best" outputs of
a training set and a checking set. The basic the first layer (y) as input:
building block of GMDH is an "elemen-
tary" polynomial in two variables (u,v): Z, f(y,,y,)

f(uv) = a, + a,*U + ajv + Z f(vyv,)

*u*u + a ,*%vV +

a u (1) z - f(v ,v)

The initial input variables (X) are used in where k and p denote the number of pair-
all pairwise combinations in a structure wise combinations selected.
such as Equation 1. Least squares fit of the The process continues until some
polynomial to the dependent variable y stopping criterion is satisfied. The final
determines the six coefficients. A total of estimate will use the best two outputs from
M!/[2!(M-2)!] quadratic polynomials is the preceding layer:
obtained. The "best" outputs are selected
for use in the next layer based on some y = f(z,z)
heuristic selection criterion. Each "layer"
of GMDII consists of a bank of such qua- JAPANESE REVISION OF GMDH
dratic polynomial functions. Repeated (Tamura et al.: Ref 2, Chapter 12
layers of quadratic polynomials are devel- and Ref 4)
oped until a predetermined stopping crite-
rion is satisfied. The "complete" model is Some of the GMDIH development
constructed in several layers of "partial" effort in Japan has concentrated on the
descriptions. removal of "heuristic" decisions present in

Layer # 1 starts with independent the original algorithm. One of the methods
variables (X,); the best M-polynomials are used by Tamura et al. to remove the
selected from all possible pairwise com- "heuristics" is described next:
binations:
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(hi) Simplifications of elementary poly- COMPARISON OF JAPANESE GMDtt
nomial (Equation 1) are made avail- WORK WITh THE EFFORTS IN THE
able for automatic selection based on UNITED STATES
Akaike criterion.

In the United States, significant
(h2) Required division of the original data technical details on GMDH improvemcnts

into two sets; training and checking do not seem as readily available. In the
sets are avoided. All the data are used United States, the utility of Akaike's cri-
for training since the use of Akaike's terion is also recognized, which permils the
information criterion prevents over- use of all the data for training the algorithm
fitting. (overfitting is prevented by the Akaike cri-

terion). Selection of only the best models
(h3) Predetermination of the number of forthe next laver is retained; however, when

intermediate variables selected in the GMDH is completed, a global adjust-
each layer is avoided by using all ment of all the coefficients is implemented
combinations permitted by computer (Ref 5 and Ref 2, Chapter 2). The one
memory restrictions in successive principal user of (JMDH1 type modeling is
layers rather than limiting selection to General Research Corp., who indicates that
a few of the best. The stopping rule for heuristic decisions are retained and tailored
GMDI1 is when all the terms of the to specific problems being solved.
final layer have only linear terms, then Mv research has found singular
all such terms are formed into a value decomposition (SVD) to be verN
weighted sum. useful in removing two problems with the

basic G M DI I ahorithm. Consider a data
A significant part of the Japanese set in which there !rc several candidate

GMDlI effort cited in the open literature "'independent" variables that contain
has been by or in association with Professor nearly identical information and are good
Ilirovuki Tamura of the Precision Engi- descriptors of the dependent variable. In
neering Department, Osaka University this case the original GMDII algorithm
(Ref4). Much of the work involved model- would select all the nearly identical var-
ing of ecological systems, lakes, rivers, etc. ahles as inputs to the second laver. I tow-
The nonlinear polynomial models were ever, what is needed is a means of favoring
successful in predicting quantities of inter- independent data. The relative depen-
est. The philosophy of GMDI I is to let the dence of the data is available in the "'cnd-
computer select the model based on the tioning number" resultingfrom the attempt
data. of using two nearly dependent variables.
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This information is also available in the GMDH often gives several candi-
complement of the null space resultingfrom date models of quality nearly equal to the
the singular value decomposition process. best. One way to visualize the Fuzzy Set

The second problem in which singu- results as a merging of the various GMDH
lar value decomposition is useful involves models into one (simpler) structure with
the global adjustment of all the variables, coefficient uncertainty.
Consider that the basic GMDH process is
completed and that a global adjustment REFERENCES
(and simplification) of the model is desired.
Such simultaneous adjustments of the vari- 1. A.G. Ivakhnenko, "Polynomial theory
ables tend to have stability problems of complex systems," IEEE Trans. Syst.
(Ref 5). The stabilization of the estimation Man and Cybernetics, Vol SMC 1, No. 4,
of poorly observable coefficient is accom- 364-78 (1971).
plished by using SVD, setting the "small"
singular values to zero. The tolerance used 2. S I. Farlow. S-If-OrganizinT Mzt1;c~d, n
to determine which singularvaiues are to be Modeling, GMDH Type Algorithms
set to zero is based on the modeling resid- (Marcel Dekker, Inc., 1984)- R.L. Barron,
ual. A.N. Mucciardi. F.J. Cook, J.N. Craig. and

GMDII type algorithms do not A.R. Barron.Chapter 2, "Adaptive learning
appear to be generally accepted by the networks: Development and application in
statistical modeling community. Akaike the United States of algorithms related to
indicated that he does not use GMDIt and GMDI"; S. Ikeda, Chanter 7, "Nonlinear
that it is used by engineers (Ref6). Further- prediction models for river flows and
more, an inquiry of a Computer Vision typhoon precipitation by self- )roanii no
researcher (Ref 7) indicated lack of knowl- methods". K. (hashi, Chapter 10, "GMIDl I
edge of GMDH (it can be used for pattern forecasting of U.;. interest rates-"
recognition). In the United States the inter- J. Nomura, Chapter 1I, "A method for
est is similarly restricted to an application- predictingsales amWount bv the use ofIWS\I
oriented group rather than a theoretical and GMDIt": 11. Tamura and T. Kondo.
community. Chapter 12, "On revised algorithms of

GMDtt with applications", S. Fujita and
MERGING OF FUZZY SET THEORY 1i. Koi, Chapter 14, "Application of
WITII GM I1 GMDII to environ mental s stern modeling

and nalla emcilt."
Recently, 11. Tanaka and associates

(Ref8 and 9) merged Fuzzy Set theory with 3. R. I lect-Nielsen, "Artificial Nt:ral svs
GMDIt. Modeling errors considered are tern design." [iC'Sl) Fxtension. 4-8 \u1_
representedi as uncertainty in the regression 1986.
model coefficients rather than as measure-
ment error. Fuzzy models are being used in 4. If. Tlamura, Department of Precision
robust control of trains, which also appear Engineering. Osaka liniversit\. discussions
to provide faster computer execution. on G MDI I improvements, personal ccin-

munications, 2 Sep 1087.
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5. D. Molnar, "Modeling accuracy Daniel 0. Molnar received B.S. and
improvements for GMDH," Neural Net M.S. degrees from the University of
Conference, San Diego, Calif., 20-23 June California, Berkeley, in 1962 and 1968,
1987. respectively, and a Ph.D. degree from the

University of Washington in Seattle, all in
6. H. Akaike, Institute of Statistical electrical engineering, with specialization in
Mathematics, personal communications. control systems theory. His professional

experience is mainly in inertial navigation,
7. M. Oshima, Chief, Computer Vision estimation theory, Kalman filtering, and
Section, Electrotechnical Laboratory, control theory. Dr. Molnar has worked for
Ibaraki, personal communications. Boeing Company (1972-76, 1980-82);

Honeywell (1976-80); and Sundstrand Data
8. I. Hayashi and H. Tanaka, "The Fuzzy Cont. (1982-86). Presently he is with Boeing,
GMDH algorithm by possibility models," working on inertial navigation error analysis
Fuzzy Sets Conference, Tokyo, 20-25 July using smoothing techniques.
1987.

9. H. Tanaka, Industrial Engineering
Department, University of Osaka, personal
communications, discussions on Fuzzy
GMDH algorithms, 3 Sep 1987.
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THE 18TH INTERNATIONAL CONFERENCE
ON LOW TEMPERATURE PHYSICS AND THE
YAMADA CONFERENCE XVIII ON
SUPERCONDUCTIVITY IN HIGHLY
CORRELATED FERMION SYSTEMS

Wendv Fuller

H igh T superconductivity wastle major superconductors. It is obvious that research
i-' topic at both confferences diLcussed in in other areas of superconductivity has bee a
this article. The research results presented pushled aside. Speakers who were supposed
relating to high T includesingle cnrstaland to discuss other topics in Sulpercoiiducti\ it\
critical!feid neasurements,. films, suhstitu- (i.e., heavy fermion, etc.) only brieflv di-
Mt 'M ofther rgre earth elcmetts, mag'lcti.sm cussed that topic before switching to high T
tiil sipe:,conductiitv. thinfilhns, andoxide The media covered all the major sessions G;n
Milt rYCY11alct(,rs. high T, often to the distraction of the

meeting attendees. Once the organizers
limited the media coverage to the first

I'TIOR'S NOTE ON NOTATION couple of minutes of a talk the distraction
was greatly reduced.

Limitations on typography in sub- To paraphrase J.R. Schrieffer (Uni-
,crItS '11d superscripts have led us to use versity of California at Santa Barbara). try-
IvrNh Ils other than those conmonlv found ing to absorb all of the information, exper-
ele\% here. For the oxvgen content we have imental and theorelical, presented on high
,'ihlt tuted d For A. For properties relative T superconductors at [T 18 was like t,-v i-_

, c C-axl %, e n'e I for h)l-loitudial aind I to Let a drink of water from at fire hoe
" ',versC. turned or full blast. There is no consensus

among the theorists as to the mechanism for
1I1I INTI-RNATIONAI, the high T in these materials. Mlany
()NIIRFEN( ON LOW theorists have brushed off their favorite

'II MPIRATUR I1 IYSIK'CS theorv from other materials--organics,
heavy fermion, etc.--and applied it to these

I he t th I ernati u' a Conf'eren"ce new supercnductrs At the mnmei- theme
(,,I 1m, Tcm perature PlBhics (IETI, ) waN is sine experimental e\idence to Support,

'd in K t,. Jaipan. fron 20-20 A\titus! .ia well as to detract from. eaich !heorv
Flhe c wntcrc lie %N, ,r,, ltarce. %kith prese ntcd. A theory tfo rthese materials ,- II

I ! ti00 a!tendee rcprc, etfn, man\ have to ,,ait until there are mo re dlata o1n
.!li! he )% (lh. \ F ihc I II c11 ohais of clean ,ingle cr\', al sand L'ood films.
.11' nflfrcrilce 'AJ\ on tile lI\k ,110h F



Single Crystal Measurements 0. Meyer et al. (Kernforschungszentrum,
Karlsruhe, FRG); H. Yamamoto et al.

Measurements are beginning to be (Nihon University, Chiba, Japan):
performed on single crystals. This is impor- T. Ogushi et al. (Kagoshima University,
tant due to the anisotropy in these super- Kagoshima, Japan); Y. Enomoto eL at.
conductors. Y. Hidaka (Electrical Com- (NTT Electrical Communications Labora-
munications Laboratories, Ibaraki, Japan) tory, Ibaraki-ken, Japan); T. Moriwaki et al.
described single crystals of (La Sr,)CuO, (NIT Electrical Communications Labora-
(8 by 8 by 2mm') and Ba 2YCu3 0(1.5 by 1.5 tory, Ibaraki-ken, Japan); T. Geballe
by 0.1 mm 3) grown from a melt. For the (Stanford University, PaloAlto, California,
former material they found that H intheab U.S.A.); and P. Chaudhari (IBM Watson
plane is five to eight times as large as H. Research Center, Yorktown Heights, New
parallel to the c-axis. Thus these materials York, U.S.A.). IBM has made films in a
are anisotropic and measurements on sin- variety of ways: electron beam evaporation,
tered powder samples will result in some molecular beam epitaxy, sputtering, laser
average values of a given property. evaporation, ion beam deposition, and
B. Batlogg (AT&T Bell Laboratory, sprayor p!asma deposition. IBM has found
U.S.A.) reported values of 2A/kT, of 8.3 for that different substrates will give different
Cu-O chains and 2.4 for the planes. The results: AIO,--polycrystalline; MgO--
values were obtained from Cu nuclear polycrystalline, but orientated; SrTiO and
relaxation rate measurements on single niobate--epitaxial films. In epitaxial films
crystals of Ba 2YCu'O. M. Sato (Tohoku the best case for the 10- to 90-percent tran-
University, Sendai, Japan) and U. Kawabe sition width is I K; however, 2 to 2.5 K is
(Hitachi Central Research Laboratory) more typical. H appears greater in films
also discussed single crystals of the La-M- 2.2 T than single crystals 0.7 T. The
Cu-O (M =Sr, Ba). anisotropy in the films is not as large as in

the single crystals, , = 4 to 11 A, , = 1.5 to
Films 30 A. The films have greatly improved

critical currents over the ceramics. The
B. Zhao et al. (Academia Sinica, ceramicsofB. BatlogghaveJc! 1,000A/cm

Beijing, China) described films of Sr-La- at 77 K rising to 10' A/cm at 4.2 K. For
Cu-O and Ba-Y-Cu-O made by magnetron epitaxial films with the c-axis in the plane, J
sputtering. The transition in the latter isroutinely >5x 10A/cm'at77KandIBM
started in the range of 87 to 89.5 K but did hasseenJ > 10WA/cmat77K. Yarnamoto
no reach zero resistance until 20 K. has reported .1. > 106 A/cm at 77 K.
11. Adachi et al. (Matsushit, Central Stanford uses three targets (sources) and
Research Laboratory) reported single directsO at the substrate during deposition
crystal (La 0.Sr 0 )CuO, films on SrTiO, ofthefilm. Stanford reports aJ > 6x l0A/
substrates made by magnetron sputtering: cm2 at 78 K and I x 10" A/cin at 4.2 K.
they found an onset of 34 K. Other groups Moriwaki found that on their films a B-ield
reportingfilmswere H. Rogalla(lnstitutffir of I T reduces J by >50 percent in the
Angewandte Physik, Giessen, FRG); temperature range 70 to 87 K.
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Critical Field Measurements described. In general, the materials were
very similar to YBa 2Cu30.., which is sur-

K. Okuda et al. (University of prising since some of the elements are
Osaka, Japan) were able to trace out the magnetic. Tanaka pointeo out that since
largest portion of the H, versus T curve, the magnetic moment of the rare earth ion
They used pulsed magneticfields up to 70T. is almost the same as in the pure rare earth
They found, on sintered ceramic samples, there is little electron interaction with the
H,(O) = 40 T and dHJdTT, - 1.69 T/K for rare earth elements in these superconduc-
LaSr0-1 5 CuO 4 - and dHJdT = 1.54 and tors. B. Batlogg (AT&T) reported on the
2.35 T/K with H,(O) = 90 and 148 T for rapid decrease inT as one moves away from
Y0 Ba06 CuO and YBa2Cu30, respectively. Cu in the series Fe, Co, Ni, Cu, Zn, Ga.

For the latter material they found that at
4.2 K a field of 54 T did not restore more Oxygen Planes Versus Chains
than 10 percent of the normal resistance. It
is obvious that very high field facilities wifi The role of the oxygen planes versus
be needed to characterize these materials, the chains in obtaining the high Tc was a

question of much discussion and it was not
Substitution resolved. As mentioned earlier, the Cu

nuclear relaxation rate gives a different
in trying to understand the high T value for 2A/kT for chains (8.3) and planes

superconductors several research groups (2.4). J. Jorgensen (Argonne National
have been substituting other elements in Laboratory, U.S.A.) reported that T was
the YBa 2Cu 30 7- material. Y can be highest for samples with chain ordering:
replaced by many rare earth elements and thus, he felt a one-dimensional chain on the
one still obtains a high T material. P. Chu Cu-O sublattice was needed. L. Greene
(University of Houston, U.S.A.) reported (Bellcore Laboratory, U.S.A.) found that
successwithLa, Dy,Lu,Yb,Nd, Sm, Eu,Gd, "'hen the central plane in YBa 2CuO is
Ho, Er, Tm, Ce, Tb, and Zr. Other groups ,*npty, the sample is not superconducting
also reported success with a variety of Jan- and has a tetragonal structure. She also
thanide substitutions: S. Tanaka found two orthorhombic structures:
(University of Tokyo, Japan); F. Muelleret (1) T = 90 K, central plane one-half full:
al. (Los Alamos National Laboratory, New and (2) T = 55 K, central plane one-quarter
Mexico, U.S.A.); M.B. Maple (University of full. M. Ishikawa (Tokyo University) found
California at San Diego, U.S.A.); the same crystal structures andTs. Hecor-
T. Yamada (NTT, Tokyo, Japan), related the structures with d. Orthogonal I
S. Kagoshima (University of Tokyo, hasd=0;inorthogonallld 0.5. Hefound
Japan); H. Takagi (University of Tokyo, two tetragonal phases, neither of which is
Japan); and M. Sato (Tohoku University, superconducting. Tetragonal I has d < 0.
Sendai, Japan). Resistive measurements as while tetragonal It has d I 1. Tetragonal II
well as magnetization, critical magnetic has p exp[(,/r)' 3 ] between 1.7 and 70 K
field, and specific heat measurements were
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Magnetism and Superconductivity s Meissner effect

The interplay between magnetism w High stability for the material
and superconductivity in the oxide super-
conductorswas another topic of much inter- m Zero resistance
est. Antiferromagnetism and superconduc-
tivity in the (La, .Ba,)Cu 20,., system were . High reproducibility among other labora-
described by several groups: B. Dunlop tories
(Argonne National Laboratory, U.S.A.);
K. Asayama (Osaka University, Japan); S. Wolf (Naval Research Laboratory,
T. Fujita (Hiroshima University, Japan); U.S.A.) added another: state the sensitivity
and K. Kumagai (Hokkaido University, of your instruments for zero resistance and
Japan). These groups found that for x5 0.01 plot the data as log R.
the system orders antiferromagnetically
and is in the orthorhombic structure. For Applications
x _ 0.02 the system is a superconductor with
T. independentofx forx > 0.04. N. Nishida Work towards applications was
(Tokyo Institute of Technology, Japan) described by several labs. Y. Enomoto
reported similar results for YBa 2Cu 3 ,O. He (NTT Electrical Communications Libora-
found that for x 6.9 the material is super- tory, Ibaraki-ken, Japan) reported on a
conducting at 90 K, and when T < 200 K cryogenic far infrared detector using a poly-
there is only the nuclear magnetic dipole crystalline film of BaPb0 Bi0:O. The film
field of the Cu ions. Forx;6.4,T c=60Kand was patterned with a meander line and
the high temperature magnetic behavior is contained many Josephson junctions con-
similar to that for x = 6.9; however, at nected through the grain boundaries. The
T < 10 K there may be disordered magne- optical responsivity was 10' V/W and sig-
tism on the Cu atoms. For x = 6.2 the nals from 1-nm to 1-mm waves were
material is a tetragonal insulator and there detected. To reduce noise the detector was
is long-range antiferromagnetic order con- operated in the 4- to 6-K range. Two groups
nected with the Cu(2) atoms. The ordering presented research on superconducting
temperature is roughly 300 K. Currently it wires of YBa 2CuOd: Y. Yamada et al.
appears that different sublattices are (Toshiba Research and Development
involved in the magnetic order and super- Center, Kawasaki, Japan) and K. Ohmatsu
conductivity according to Dunlop. etal. (Sumitomo Electric Industries. Osaka,

Japan). The Toshiba group described
Superconductivity Criteria several methods for making wires, some

sheathed in Ag. The nonsheathed material
There were the usual claims of super has a T of 87 K with J,(77 K) = 725 A/cm2 .

high T that have become common recently. When it was in a Ag sheath T. = 88 K and
There were also words of warning, i.e., what J(77 K) = 560 A/cm'. If this sheathed wire
should be the criteria for calling a material was made into a coil T = 85 K and
superconducting. Along this line, P. Chu J(77 K) = 120 A/cm. The Sumitomo
(University of Houston, U.S.A.) gave four: group reported J(77 K) 1,240 A/cml for
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a Ag-sheathed wire. Thus progress is Physics, Chernogolovka, U.S.S.R.)
beginning to be made in obtaining wires of reported on the current status of this field.
the high T material. He reported that Riboska has found a new

organic superconductor, (ET),Hg2,Br,
Thin Films of Conventional where ET = BEDT-TFF. This material is
Superconductors highly anisotropic, -10W', as determined by

the room temperature resistivity. It is
M.R. Beasley (Stanford University, basically a layered material where p, is

U.S.A.) was concerned with the case of two- larger. Another compound, o-(ET),, has
dimensional superconductors, i.e., thin two phases, one of high T and another with
films. Thisisanimportantconsiderationfor lnw T. There is a difference in the
device applications where very thin films superstructures, but the reason for the
are needed. Films can be divided into three difference in T. is an unanswered question.
groups: (1) homogeneous or microscopi-
cally disordered, such as amorphous Mo; Miscellaneous
(2) very finely granular, , (0), such as
Al/Al oxide films: and (3) coarselygranular Two papers outside of the field of
or macroscopically disordered, 2

d < (0), as superconductivity generated interest. One
in NhN. In all cases the transition temper- was the observation of phase slips in spin
ature is lowered due to the disorder, but the supercurrents in 'He-5 (A.S. Borovik-
reduction is differcnt in each group. In the Romanov et al., Institute for Physical
microscopically disordered case the Problems, Moscow, U.S.S.R.). The super-
T(R = 0) is close to the mean-field T¢. Here current or magnetization flow in suoerfluid
T. decreases as the disorder increases. In 'He is driven by agradient in the phase of the
the macroscopically disordered regime, order parameter. This phenomenon, the
T,(R=0) < T""; here Tm' stays roughly equivalent to the ac Josephson effect in
constant while T decreases ' h increasing superconductors, was predicted in 1975.
disorder. Martinoli showed how it is pos- Another interesting paper concerned cryo-
sible to study the critical behavior of a genic techniques. A compact dilution
system under a variety of conditions-- refrigerator that needs no mechanical
frustration, size, etc.--by using an array of pumps was reported by P.R. Roach et al.
I0'Josephson junctions. Modern microfab- (Argonne National Laboratory, Illinois,
rication techniques permit such a system to U.S.A.). This is a one-shot 'He- 4He dilution
be made. By studying the frequency depen- refrigerator that cools to 13 mK and runs for
dence of parameters one can effectively 10 hours. Charcoal pumps are used. The
study the size dependence since the scatter- operation of the system is controlled by
ing length is related to the frequency. heaters on the pumps and it is possible to

automate. The system is immersed in a 'He
Organic Superconductors bath. The advantages are the lack of vibra-

tion and noise since there are no continu-
Organic superconductors, although ously running mechanical pumps.

of low T, are still of interest.
i.F. Shchegolev (Institute of Solid State
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Summary stay with their advertised talk better than at
LT18. Results in the high T, field were

In summary, high To superconduc- expanded upon in Sendai. The media was
tivity overshadowed all other topics at covering the conference but not to the
LT18. Many groups from around the world extent it did in Kyoto. The meeting could be
are working in this field, some of whom are divided into five major topics: oxide super-
newcomers to the field of superconduc- conductors, heavy fermion, organic super-
tivity. The various intrinsic parameters are conductors, ternary superconductivity, and
beginning to be sorted out now that good artificial structures. As previously men-
films and single crystals are being made. tioned the oxide superconductors domi-
Much more work is needed on the theory of nated the conference. However, the other
these materials. In spite of the domination topics or subfields had interesting results
of the high T, materials some work is still and questions to resolve as well.
continuing in other aspects of superconduc-
tivity: thin films--especially disordered Organic Superconductors
ones--and organic and heavy fermion super-
conductors. Outside of superconductivity In organic superconductors there is
there is interest in quantum fluctuations, still a question as to whether the supercon-
narrow wires, a Josephson current in 'He, ductivity is due to singlet or triplet pairing.
and ways of reaching very low tempera- K. Murata of the Electrotechnical Labora-
tures. The very low temperatures are tory in lbaraki, Japan, presented results on
needed to investigate quantum fluctua- H,, of 3-(BEDT-TFF),Il, that suggest
tions. singlet pairing. I, Gorkov (L.D. Landau

Institute for Theoretical Physics, Moscow,
YAMADA CONFERENCE XVIII ON U.S.S.R.) addressed the theoretical aspects
SUPERCONDUC71'IVITY and said that in a clean crystalline form of

the superconductors one expects a very high
The Yamada Conference XVIII on H, for H parallel to the b-axis if the pairing

Superconductivity in Higlty -rrelated is singlet.
Fermion Svstemswas held in Sendai, Japan,
from 31 August through 3 September 1987. Ternary Superconductors
It was verywell organized considering there
were 400 attendees when the original plans The major result for ternary super-
had called for about 150. The greater conductors was the existence of hoth super-
number was obviously due to the interest in conductivity and ferromagnetism in
the new high Tc superconductors that dom- HoMoS,. Ni. Giroud et al. (Centre de
inated the conference. Over half of the Recherches sur les Tr~s Basses
attendees came from Japan with the rest Tempdratures, Grenoble, France) induced
spread among 21 other countries. superconductivity in the ferromagnetic

Many topics in superconductivity state of HoMo S, by applying a magnetic
were covered in Sendai. In many ways the field. Others working in this area are
conference was a repetition but also a con- Y. Koike (Tohoku University, Sendal.
tinuation of the superconductivity sessions Japan) and P. Burlet (Centre d'Etudes
at LTI8. In Sendal the speakers tended to Nucldaires, Grenoble, France).
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I leavy Fermions countries working in this field. In general,
the same research groups presented results

It is clear from the results presented in Sendai as in Kyoto. It became increas-
that it is hard to determine the pair function ingly clear that good control in sample
from experiment and harder still to deter- preparation and monitoring of the sight
mine the pairing interaction. The competi- occupancy are important to understanding
tion between and coexistence of supercon- a variety of results. The role of the chains
ductivity and magnetism were addressed in versus the planes of Cu-O was addressed
these material, as well. (U Th )Pt 3 is anti- hereas in Kyoto. M. Ishikawa (Universityof
ferromagnetic at 5 K. In (U1.Th)Be13 it is Tokyo, Japan) reported on the possibility of
questionable as to whether there is mag- two orthorhombic phases of Ba2YCuO7d '

netic order while there is competition and one with T = 90 K and the other with
coexistence of magnetism and supercon- T = 60 K. K. Mueller (IBM Zurich,
ductivity in URu2Si,. In the case of coexis- Switzerland) described a glassy state in the
tence of magnetic order and superconduc- highT, materials. The originof the granular
tivitythequestionremainsastowhetherthe behavior was under question; one
same electrons are responsible for both possibility was in the twin boundaries of the
phenomena. CuO planes. He emphasized that any

analysis of electrical or magnetic properties
Artificial Structures should take the glassy nature into account.

The competition between supercon-
It is becoming technologically possi- ductivity and magnetism was discussed in

ble to fabricate the structure one wishes to relation to the oxide superconductors.
study almost down to the atomic level. Many groups have made
1. Schuller (Argonne National lIboratory, (rare earth) Ba 2Cu,0. From measure-
Illinois, U.S.A.) showed that one has con- mentsof these materials there appears to he
siderable control in obtaining two- a complete decoupling between the super-
dimensional versus three-dimensional conducting electrons and the 4f moments.
structure in fabricating superlattices. It is The T, is not changed much by using differ-
now possible to make superconducting ent rare earths in place of the yttrium. Both
networks with varying degrees of periodic- Argonne National Laboratory and
ity. Thus superconductivity in periodic, Hiroshima University have been partially
quasi-periodic, and random networks or substituting other clements for the Cu in
arrays can be studied at will. Results on YBaCu,,O. Y. Aoki at Hiroshima has
various networks were reported by found that at a 5-percent concentration of
P. Chaikin (University of Pennsylvania, Fe or Al there is an orthorhombic to
U.S.A.) and A. Goldman (University of tetragonal transition. Up to this concentra-
Minnesota, U.S.A.). tion both Al and Fe decrease theT at about

the same, rate, 6 K/atomic percent. For
Oxide Superconductors higher concentrations the T_ appears to stop

changing for A] substitution but it continues
The oxide superconductors domi- to decrease for Fe, at least up to 10 percc nt

nated the conference two out of the four substitution. Questions remain as to
days. There are many groups from many whether the Fe magnetically orders at some
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concentration. The magnetism of Cu itself superconductors. The anisotropy in the
is another area of research. In LaCuO, a criticalfield H 2l /11 '3to6withcoherence
spin density wave (SDW) state has been lengths , = 5 to 7 A and L -20 to 30 A.
found from magnetic susceptibility and R. Shelton(Universityof California, Davis)
neutron diffraction studies (H. Sato et al., reported avery anisotropicJ, that increases
University of Tokyo, Japan). J. Thoulence close to Tc. Anisotropy results on thin films
(Centre de Recherches sur les Tr~s Basses are in agreement with single cry .als if the
Temp6ratures, Grenoble, France) films are grown on SrTiO3 . M. Beasley
reported that this material is supercon- (Stanford University, U.S.A.) found fluc-
ducting. There is perhaps antiferromag- tuations in epitaxial films of YBa Cu ,O
netic ordering at 400 K. In discussions grown with the c-axis perpendicular to the
Nishida's resuits on muon scattering in film. He found a two-dimensional behavior
YBa2Cu 3O0 , which were reported in Kyoto, far from T crossing over to a three-
were mentioned as evidence for magnetism dimensional behavior closer to Tc. From the
of Cu in that compound. None of the data, the coherence length was found to be
superconductiig materials show a Curie- 2 A. R. Phillips (Lawrence Berkeley Labo-
Weiss term in the susceptibility. ratory, U.S.A.) reported on the specific heat

As in Kyoto a number of theories for of YBa2Cu30 d. Hie found that even in H = 0
the nature of the superconductivity in the there is a linear term in C. The question
oxide superconductor were presented. No was whether this is intrinsic or is it due to
consensus was reached for the mechanism; incomplete (inhomogeneous) supercon-
phonons, spins (resonating valence bonds), ductivity. Another unusual feature is that C
and charges (excitons or plasmons) were all shows a cusp at T and not a discontinuity.
suggested as possibilities. Again questions arise: Is it intrinsic? Is it

In Sendai there were all the usual due to incomplete superconductivity? Can
claims of higher transition temperature it be explained by the glass model? The
materials. However, none were presented results could be explained by inhomoge-
that had substantial evidence and reproduc- neous samples, so more experiments are
ibility. The general feeling was that the needed on good, homogeneous samples to
highest confirmed T. remained at 93 K for answer these questions.
YBa 2Cu - 7 d.

SUMMARY
Single Crystals and Thin Films of High T
Superconductors In summary, there is a continued

challenge experimentally and theoretically
There is rough agreement between to understand the high T, oxide supercon-

the results of the various groups who have ductors. This will be met by continuing to
made single crystals orfilms of the Cu-oxide improve the control in the fabrication of the
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materials. Single domain, clean, single Wendy Fuller received a B.S. in
crystals are needed as are epitaxially grown physics from the University of Maryland,
films. The systematics of both the normal College Park, in 1975 and an M.S. and Ph.D.
state and superconducting properties of the in physics from the University of California,
material will continue to provide Los Angeles, in 1976 and 1980, respectively.
researchers a challenge for some time. Since 1980 she has been a research physicist
This, perhaps, will lead to higher T. mate- at the Naval Research Laboratory. Dr. Fuller
rials. When higher temperature anomalies is a member oftheAnerican PhysicalSociety,
are observed it is necessary to have the American Association of Science, Sigma Xi,
results reproduced in other laboratories; in and Women in Science and Engineering. Her
addition, all the standard checks for super- current research interests are in dc and ac
conductivity must be performed before properties of two-dimensional granular
claims can be made. superconductors, high T superconductors,

and quzii-une-dimeroional materials.
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INTERNATIONAL MEETINGS IN THE FAR EAST

1988-1994

Compiled by Yuko Ushino

Yuko Ushino is a technical information specialist for ONR Far East. She
received a B.S. degree from Brigham Young University at Provo, Utah.

The Australian Academy of Science, the Japan Convention Bureau, and the Science
Council of Japan are the primary sources for this list. Readers are asked to notify us of any
upcoming international meetings and exhibitions in the Far East which have not yet been
included in this report.

1988

Date Title/Attendance Site Contact for Information

August The 10th Congress of the Sydney. Secretariat IEA88
1-5 International Ergonomics Australia IEA88

Association PO Box 380

Spit Junction, NSW 2088, Australia

August The IUPAC 32nd International Kyoto, The Society of Polymer Science, Japan
1-6 Symposium on Macromolecules Japan Honshu Building, 5-12-8 Ginza

Chuo-ku, Tokyo 104
50-F500-J,300

August The 9th World Conference on Tokyo, Secretariat: The 9th SCEE Steering
2-9 Earthquake Engineering Jappan Committee

c/o Japan Convention Service, Inc.
57-F800-JI.210 Nippon Press Center Building

2-2-1 Uchisaiwai-cho
Chiyoda-ku. Tokyo 100

August The 10th International Sydney. R. I. Tanner
14-11 Congress on Rheology Australia Department of Mechanical Enginecring

University of Sydney
NSW 2006

August International Federation of Melbourne, Conference lanager
15-17 Automatic Control Symposium Australia The Institution of Engineers, Australia

11 National Circuit, Barton. ACT 2600

August Electrical IFAC Conferencc Melbourne, Conferenca Manager
15-17 Australia The Institution of Engineers, Australia

11 National Circuit, Barton, ACT 2600

August The 3-d International Phyco Melbourne, Dr. M. N. Clayton
15-19 logical Congress Australia Botany Department

Monash University

Clayt.. Victoria 3168

C!ote: Data format was taken from the Japan InterTational Co" gress Calendar

published by the Japan Convention Bureau.

No. of participating countries

F: No. of overseas parti-pants
J. No. of Japanese participants
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1988

Date Title/Attendance Site Contact for Information

August The 7th International IUPAC Tokyo, Organizing Committee

16-19 Symposium on Mycotoxins and Japan 7th International TUPAC Symposium
Phycotoxins on Mycotoxins and Fhycotoxins

c/o Inter Group Corporation
40-FI50-J250 Akasaka Yamakatsu Building

8-5-32 Akasaka, Minato-ku, Tokyo 107

August International Geographical Sydney, Secretariat: Australian
21-26 Congress Australia Academy of Science

GPO Box 783. Canberra, ACT 2601

August The 4th International Sendai. Fuel Society of Japan
22-24 Conference on Liquid Japan Kairaku Building

Atomization and Spray Systems 6-5-4 Soto-kanda, Chiyoda-ku, Tokio !Z!

15-F100-J200

August The 5th Australia-New Zealdnd Sydney, Conference Manager
22-26 Conference on Geomechanacs At'stralia The Institution of Engineers, Austra::a

11 National Circuit Barton, ACT

August The 7th Asian Conference Miyazaki, Japan Association of Radiologic
24-28 for Radiographers and Japan Technologists

Radiological Technologists 1-26-7 Shinlkawa, Chuo-ku, Toktc, 1-4
(7th ACRT) and 1988 National

Scientific Congress of
Radiologic Technologists

14-FlI00-J2.000

August The 5th International Sapporo, Japan Society of Applied Physics
29- Conference on Molecular Japan c/o Department of Electrical and
September Beam Epitaxy Electronic Engineering

I Tokyo Institute of Technology

20-FI50-J250 2-12-1, Oh-okayama
Meguro-ku, Tokyo 152

August The 3rd International Tsukuba, Katsuki Kobayashi
29- Conference on Synchrotron Japan Photon Factory Synchrotron
September Radiation Instrumentation Radiation Research Facility
2 (SRI-88) National Laboratory for High Energy

Physics

1-1 Uehara, Oho-machi

Tsukuba-gun, Ibaraki 305

September The Ist International Okayama, Department for International Affairs
4-8 Conference on Computationel Japan Okayama University of Science

Methods in Flow Analysis 1-1 Ridaicho, Okayama 700

24-FI0-J250

September The 29th International Tokyo, Secretariat: The 29th International
19-22 Conference on the Japan Conference on the Biochemistry of Lipids

Biochemistry of Lipids c/o Department of Psychological
(ICBL) Chemistry and Nutrition

Faculty of Medicine
39-FL00-J200 University of Tok),s

7-3-1 liongo, Bunkyo-ku. Tokyo 113

September The 4th Japanese-German Kanazawa. Japan Atomic Energy Research Institute
20-22 Joint Seminar on Non- Japan Tokai Establishment

destructive Evaluation Tokai-'ra, Naka-gun, Ibaraki 319 Il

and Structural Strength of
Nuclear Power Plant

2-F30-J70
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1988

Date Title/Attendance Site Contact for Information

October The 4th International Tottori, Dr. Hiroshi Kobayashi

11-14 Workshop on Electro- Japan Department of Electronics
luminescence Faculty of Engineering

Tottori University

Koyama, Tottori 680

October The 9th International Beijing, 9 ICPR Secretariat
17-20 Conference on Pattern People's Chinese Association of Automation

Recognition Republic P.O. Box 2728
of China Beijing

October BIDEC International Bio-Fair/ Tokyo, Secretariat of BIO FAIR TOKYO '88
19-22 Tokyo '88 Symposium Japan Symposium

c/o Japan Convention Services, Inc.
19-F120-J800 Nippon Press Center Building

2-2-1 Uchisaiwai-cho, Chiyoda-ku, Tokyo 100

October The ist International Tokyo, Secretariat: International Communications
24-26 Conference New Diamond Japan Inc.

Forum Kasho Building
2-14-9 Nihonbashi, Chuo-ku, Tokyo 103

20-FI50-J250

October The 3rd International Tokyo, Cotec Corporation

24-28 Conference on Surface Japan Sankocho Building
Engineering 5-17-14 bninjuku

Shinjuku-ku, Tokyo 160

October International Conference on Sharghai. Zhu Ye

25-28 Materials and Process People's Institut of Materials Science
Characterization for Republic Fudan iniversity, Shanghai
%ISI (ICMP '88) of China

November International High- Shanghai. Ship Design Committee CSNAME
2-5 Performance Vehicle People's P.0. Box 3?03

Conference Republic Shanghal

of China

Novemer The ist International Changsha, Secretariat of W-Ti- .-Sb '88
5-8 Conference on the Metallurgy People's The Nonferrous Metals Society of China

and Materials of Tungsten, Republic 9 Xczhang t.it-ng. Sizhimennei Daise
Titanium, Rare Earths, and of China Beij:ng
Ant imony

November The 2nd International Takarazcka, Tsonemasa Taguchc

3 12 Conference on Formulation Japan Faculty of Engineering
of Semiconductor Interface Osaka University
(IC7SI-88) 2-1 Yamadaoka

Fukita-shi. Osaka 565

November International Symposium on Kumamoto Geothermal Research Society of Japan
11-14 Geothermal Energy, 1988 and Beppo c 'o Geological Survey of Japan

Japan 1-.-3 Higashi, Tsukuha, Iharaki 305
30-F50-J200

November The 3rd International Seoul, Dr. Jong 6oe Cha
14-17 Topical Meeting on Nuclear Korea P O. Bux 7 Daeduk-Danji

Power Plant Thermal Choong-Nam, Korea 300-31

Hydraulics and Operations

November 1988 Annual Meeting of the Kyoto, Organizioig Committee of ISIR 'PP

14-18 International Society for Japan c/o Inter Group Corporation
Interferon Research Shohaku Buildng

6-23 Chayamachi. Kita-ku, Osaka 10

28-F300-J500
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1988

Date Title/Attendance Site Contact for Information

November Techno-Ocean '88 Kobe, World Import Mart Co., Ltd.

16-18 International Symposium Japan World Import Mart Building

3-1-3 Higashi-lkebukuro

5-F50-J250 Toshima-ku, Tokyo 170

November The 13th International Sydney, Professor J. R. Turtle, Professor of
19-26 Diabetes Federation Congress Australia Medicine

Department of Endocrinology
20-F80-J120 University of Sydney

NSW 2006

November International Conference Tokyo, Institute for New Generation Computer

28- on Fifth Generaticn Computer Japan Technology

December Systems 1988 21F Mita-Kokusai Building

2 1"4-28 Mita, Minato-ku, Tokyo 108

39-FS0O-JI,200

1989

Date Title/Attendance Site Contact for Information

April International Symposiu-m for Nagoya, Institute of industrial Science

3-5 Electromachining Japan University of Tokyo
7-22-1 Roppongi, MInato ku, Tokyo 106

16-F100-J300

April The International Symposium Undecided The Institute of Electrical Engineers

10-13 for Electromachining of Japan
Gakkai Center Building

13-FiOO-J361 2-4-16 Yayoi, Bunkyo-ku, Tokyo 113

April International Symposium Shanghai, International Symposium on Ship

11-14 on Ship Resistance and People's Resistance and Powering Performance

Powering Pe-formance (ISRF) Republic Department of Naval Architecture
of Chtna and Ocean Engineering

Shanghai Jiao Tong University
Shanghai

April The 2nd Asian Fisheries Tokyo, Secretariat: The 2nd Asian Fisheries

16-21 Forum Japan Forum
c/o Faculty of Agriculture

30-FI51-J!50 Tokyo University
1-1-1 Yayoi, Bunlcyo-ku, Tokyo 113

May The 3rd World Conference Osaka. Research Reactor Institute, Kyoto University

14-18 on Neutron Radiography Japan Kumatoricho, Sennan-gun, Csaka 590-04

May The 2nd International Near Tsukuba, Dr. Sumio Kawano
29- Infrared Spectroscopy Japan National Food Resetrch Institute
June Conference Kannondai, Tsukuba 305

2

July XXVII International Brisbane, Professor Clifford J. Hawklns
2-7 Conference on Coordination Australia Department of Chemistry

Chemistry University of Queensland

Saint Lucia, Brisbane, Queensland 4067

July The 4th International Oharai, Professor Osamu

9.14 Conference on Scanning Japan Faculty of Science

Tunneling Microscopy/ Tokyo Institute of Technology
Spectroscopy (ICSTM/STS) 2-12-1 Ohokayama, Meguro-ku, Tokyo 152

July The 4th International Kyoto, IOPB Symposium

10-14 Symposium of Plant Japan c/o Department. of Botany
Biosystematics (IOPB) Faculty of Science, Kyoto University

Kitashirakawa Oiwake-cho

30-F80-J200 Sakyo-ku, Kyoto 606
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1989

Date Title/Attendance Site Contact for Information

July The 2nd Microoptics Tokyo, Mr. Yasuhiko Noguchi

24-26 Conference/The 9th Japan Secretariat: MOC/GRIN '89
Topical Meeting on Banda Building

Gradient-Index Imaging 1-35-5 Yoyogi, Shibuya-ku. Tokyo 151
Systems (MOC/GRIN '89)

August Solar Energy Congress Tokyo, Japanese Section of International Solar
13-18 Tokyo 1989 Japan Energy Society

322 San Patio, 3-1-5 Takada-no-baba
40-F600-J4n0 Shinjuku-ku, Tokyo 160

August The 9th International Sendai, Secretariat: 9th International Conference on
20-25 Conference on Crystal Japan Crystal Growth

Growth (ICCG) c/o Inter Group Corp.

8-5-32 Akasaka, Minato-ku. Tokyo 107
48-F250-J550

August The 14th International Tsukuba, Mr. Kitagawa
21-26 Conference on High Energy Japan National Laboratory for High Energy Physics

Accelerators 1-1 Ooho, Ts'akuba-shi, Ibaraki 305

August The 5th International Kyoto, Organizing Committee of 5th International
27- Symposium on Microbial Japan Symposium on Microbial Ecology

September Ecology (5th ISME) c/o Inter Gro-up Corporation
1 8-5-32 Akasaka, Minato-ku. Tokyo 107

73-F600-J600

August International Symposium on Nagoya, Professor Michsru Yasuhara

28-31 Computational Fluid Dynamics-- Japan Department of Aerospace Engineering

Nagoya, 1989 Nagoya University
Firo-cho, Chikusa-ku, Nagoya 464

September The 7th International Kyoto, Department of Physics, Factnlty of Scien-e.
4-8 Conference on Li iud and Japan Kyoto University

Amorphous Oiwake-cho, Kita-Shirakawa
Sakyo-ku, Kyoto 606

30-FI20-J280

September ISES Solar World Congress Kobe, Secretariat. ISES Solar World
4-8 1989 Kobe Japan Congress 1989

c/o International Communications, Inc.
65-F400-J740O Kasho Building, 2-14-9 Nihonbashi

Chuo-ku, Tokyo 103

September International Conference on Tokyo, Secretariat of GALVATECH '89

5-7 Zinc and Zinc Alloy Coated Japan Iron and Steel Institute of Japan

Steel Sheet 1-9-h Otemachi, Chlyoda-ku, Tokyo 1 0

20-F50-J150

September 1989 International Symposium Nagoya. Secretariat. International Syrnposi=un on
8-10 on Electromagnetic Japan Electromagnetic Compatibility

Compatibility c/o Department of Information and

Cccputer Sciences.
26-F1/0-J400 Toyohashi University of Technology

1-1 Tenpaku-cho, Aza-Hibarigacka,

Toyohashi, Aichi 440

September International Conference on the Yokohama, IC-STDCS

17-22 Science and Technology of Japan z/o Lab. Physics of Crystal Defects
Defect Control in Institute for Materials Research
Semiconductors Tuhoku University

2-1-1 Katahira, Sendai 980
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1989

Date Title/Attendance Site Contact for Information

September The 6th International Sapporo, Dr. Norio Satob

24-28 Symposium on Passivity - Japan Faculty of Engineering
Passivation of Metals and Hokkaido 'niversity
Semiconductors Nishi 8-chome, Kita 13-jo

Sapporo-shi 060

September The 5th International Hiroshima, Shipbuilding Research Association of Japan
25-28 Conference on Numerical Ship Japan cio Faculty of Engineeri..6

Hydrodynamics Hiroshima University
ShiLami Saiji-cho, Higashi-Hiroshima 724

N.A.-F-J200

October The 10th Meeting of World Maebashi, Department of Neurosurgery
3-5 Society for Stereotactic Japan Gumma University, School of Medicine

and Functional Neurosurgery o-39 Showa-machi, Maebashi 371

20-F200-J300

October ACEANCUPS Polymer Sympos'um Osaka, Institute of Scientific and Industrial
26-28 Japan Research, Osaka University

10-F30-J30 8-1 Mihogaoka, Ibaraki-City, Osaka 567

October Specialty Electric Sydney, Conference Manager
(tentative) Conference Australia The Institution of Engineers, Australia

ii National Circuit, Barton. ACI 2500

November International Conference Kobe. International Conference Secretariat.
20-23 Evaluation of Materials Japan Conference and Editorial Department

Performance in Severe Iron and Steel Institute of Japan

Environments-Evaluation and 1-9-4 Otemachi, Chiyoda-ku, Tokyo 1r0
Development of Materials in

Civil and Marine Uses

20-F80-J120

December The 10th Australasian Fluid Melbourne. IOAFMC
11-15 Mechanics Conference Australia c/o Professor A.E. Perry

Department of Mechanical Engineering
The University of Melbourne
Parkville, Victoria 3052

1990

Date Title/Attendance Site Contact for Information

May The 27th International Osaka, Japan Orgeaizirg Committee for

19-26 Navigation Congress Japan 27th International Navigation Congress
of PIANC

62-F500-J500 c/o Port and Harbor Bureau
City of Osaka
2-8-24 Chikko, Minato-ku, Osaka 552

July The 10th International Tokyo, japanese Society of Nephrology

15-21 Congress of Nephrology Japan c/o 2nd Department of Internal Medicine

School of Medicine, Nippon University
10-Fl,000-J4,000 30-1 Qyaguchi-kamicho

Itabashi-ku, Tokyo 173

August International Congress of Kyoto, ICM 90 Secretariat
21-29 Mathematicians 1990 Japan c/o International Relations Office

Research Institute for Mathematical

84-F1,500-J1,500 Sciences, Kyoto University
Kitashirakawa Oiwake-cho

Sakyo-ku, Kyoto 606
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1990

Date Title/Attendance Site Contact for Information

August V International Congress Yokohama, Secretary General's Office for INTECOL 1990
23-30 of Ecology Japan c/o Institute of Environmental Science and

Technology, Yokohama National University
62-F900-JI,0G0 156 Tokiwadai, Hodogaya-ku, Yokohama 240

September IUIMS Congress: Bacteriology Osaka, Preliminary Committee of International
16-22 and Mycology - Osaka, Japan - Japan Congress of Microbiology

1990 c/o JTB Creative Inc.
Daiko Building

71-F2,000-J600 3-2-14 Umeda, Kita-ku, Osaka 530

September The 15th International Osaka, Preliminary Committee of International
(tentative) Congress on Microbiology Japan Congress of Microbiology

c/o JTB Creative Inc,

57-F2,500-J2,500 Daiko Building
3-2-14 Umeda Kita-ku, Osaka 530

1990 The 6th International Japan International Conference Secretariat
(tentative) Conference on the Science (undecided) and Editorial Department

& Technology of Iron and Steel Iron and Steel Institute of Japan
3F, Keidanren Kaikan. 1-9-4 Otemrhi

50-F300-J500 C1.~uda- u, Tokyo 100

1990 Chemeca 1990 Applied New Zealand Conference Manager
(tentative) Thermodynamics The Institution of Engineers, Australia

11 National Circuit. Barton, ACT 2600

1991

Date Title/Attendance Site Contact for Information

August International Congress on Kyoto, National Institute of
(tentative) Medical Physics Japan Radiological Srience

4-9-1 Anagawa, Chiba 260

45-F600-J900

ASugust The 16th International Kyoto, Japan Society of Medical Electronics and
(tentative) Conference on Medical and Japan Biological Engiueering

Biological Engineering (tentative) 2-4-16 Yoyogi, Bunkyo-ku, Tokyo 113
(ICMBE)

45-F600-J900

1992

Date Title/Attendance Site Contact for Information

Autuimn XIVth International Switching (to be Institute of Electronics, Information and
Symposium (ISS '92) decided) Communication Engineers (IEICE)

Kikai Shinko Kaikan
3-5-8 Shiba-koen, Minato-ku, Tokyo 105

1993

Date Title/Attendance Site Contact for Information

1993 International Federation of Sydney, Conference Manager
(tentative) Automatic Control Congress Australia The Institution of Engineers, Australia

11 National Circuit, Barton, ACT 2600

ONRFE SCI BUL 13 (2) 88 99



1994

Date Title/Attendance Site Contact for Information

Tentative XXX International Conference Kyoto. Professor Hitoshi Ohtaki
on Coordination Chemistry Japan Department of Electronic Chemistry

Tokyo Insitute of Technology at
Nagatsuta

4259 Nagatsuta-cho, Midori-ku
Yokohama 227
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