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Figure 6. Body CAD/CAM.
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diameter, need for threads and cham-
fers,and so on. From these characteris-
tics, the cutting time is estimated and
compared with the cycle time capabil-
ity of the zone. The designer can alter
the plan to correct cutting time imbal-
ances among machines or he can try a
different zone. The system then calcu-
lates the details of the plan such as
cutter path and tool number.

The process plan for the valve cover
took 5 days versus a month before the
system was used.

Robot Offline Programming

I was shown a color 3D wireframe
simulation of robots spray painting car
bodies and parts. Both stationary parts
and continuously moving cars were

shown. The problem is to program the
robot to move the spray gun over the
car’s surface. In the past this has been
done on the factory floor by human
teachers who physically grasp the end
of the robot and move it while a tape
recorder records the moves for later
playback. The number of robots now
has grown to the point where there are
not enough teachers.
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Figure 7. Use of the mean section length ratio.
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Figure 9. The computer screen during programming of spraying the underside of an open car hood.
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Experimental Ship “YAMATO 1

Main particulars of “YAMATO 1"

Length (overall) abt. 30 m
Length (B.P.) | 264 m
Breadth | 10.39 m
Depth | 25 m
Draft | 1.5 m
Displacement abt. 185 ton
Gross tonnage abt. 280 ton
Ship speed abt. 8 kt
Complement 10 persons

Figure 1. The YAMATO-1 experimental ship (courtesy of the Japan Ship & Ocean Foundation).
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In the high-precision orbits of third-
generation facilities, it is possible to
insert long, short-period, high-field
undulators. Undulators cause the elec-
trons (or positrons) to undulate many
times as they pass through the source
region, albeit with verylow amplitude.
The resulting undulator radiation (UR)
has a distinct, quasi-resonant, spiked
spectrum; increased coherence; and
greatly increased peak intensity.

The third-generation high-energy
storageringwith long, high-ficld undu-
lator x-ray sources is now the highest
brightness source of soft and hard x rays
byanotheroneto fourorders of magni-
tude over the wiggler sources. That
makes the undulator x-ray source 9 to
11 orders of magnitude brighter than
the once-powerful, rotating-anode,
laboratory x-ray sources. Needless 10
say, new scientific progress is easily
visualized with the astounding x-ray
brightness to become available with
thecommissioning of third-generation
facilities. Also needless to say, there
are sure to be technological problems
in the design of beam lines and experi-
mental apparatus for use with such highly
brilliant beams.

Theaimofthe SPring-8 projectisto
promote the basic research and devel-
opment of advanced technology by using
high-brilliance UR in the x-ray domain.
The facility will be opened equally to
research groups of universities, national
laboratories, and industries.

The storage ring energy was deter-
mined by the requirement for a funda-
mental UR x-ray photon energy up to
the K-absorption edge of element
number 40 (Zr, K-alpha energy =
18 keV). Preliminary suggested undu-
lator designs with a 3-cm period, 4-meter
length in the SPring-8 beam show the
fundamental peak about 13 keV for
K=1.0. Harmonic UR will allow
research with UR x-ray photon energy
up to 40 keV or higher.

A 2-meter-long, 18-period, 1.5-T
wiggler source in SPring-8 will provide
quasi-continuum SR of high bright-
ness up to photon energies of 800 keV.
The brightness of this wiggler will be as
much as 1,000 times that of the 54-pole
wiggler installed at the Stanford
Synchrotron-Radiation ~ Laboratory
several years ago.

THE THIRD SYNCHROTRON-
RADIATION INTERNATIONAL
SYMPOSIUM ON
SYNCHROTRON-RADIATION
FACILITIES AND ADVANCED
SCIENCE AND TECHNOLOGY:
SURFACE AND INTERFACE
SCIENCE

Opening Remarks and
Facility Reviews

The titles and authors of scientific
papers presented are as follows:

e “Status of APS,” David E. Moncton,
APS

e “Present Status of SPring-8 Proj-
ect,” Hiromichi Kamitsubo, SPring-8
Project Team

e “Surface Science and Synchrotron
Radiation,” Akio Yoshimori,
Okayama University of Science

e “SurfaceStructureat Electrochem-
ical Interfaces,” Ben Ocko,
Brookhaven National Laboratory

e “Time-Resolved X-Ray Studies of
Epitaxial Growth,” Paul H. Fuoss,
AT&T Bell Laboratories

e “X-Ray Diffraction Study of Fatty
Acid Monolayers at the Water Sur-
face,” Tadashi Matsushita, Photon
Factory, National Laboratory for
High Energy Physics

e “Surface Structure Determined by
X-Ray Diffraction: Metal on Si(111)
Surface,” Toshio Takahashi, Insti-
tute for Solid State Physics, Univer-
sity of Tokyo

e “X-Ray Standing Wave Atom Loca-
tionand Thermal Vibration Ampli-
tudes of Adsorbed Surface Atoms,”
Jamshed R. Patel, AT&T Bell Labo-
ratories

e “XAFS Studies of Molecular
Adsorbates on Metal Surfaces,”
Toshiaki Ohta, Hiroshima University

e “Photoelectron Scattering and
Advanced Techniques in X-Ray
Photoelectron Spectroscopy with
Next-Generation Light Sources,”
Brian P. Tonner, University of
Wisconsin-Milwaukee

e “Photoemission Spectroscopy of
GaAs Surfaces and Interfaces,”
Masaharu Oshima, NTT Interdisci-
plinary Research Laboratories

e “Surfaceand Thin Film Magnetism
Studied by Spin-Resolved Photo-
electron Spectroscopy,” Jirgen
Kirschner, Freie Universitit, Berlin

e “Perspective of Surface and Inter-
face Sciences,” Yoshitada Murata,
Institute for Solid State Physics,
University of Tokyo

The opening address was given by
Minoru Oda, President of RIKEN and
member of the Japan Academy. Prof.
Oda traced the earliest history of
synchrotron-radiation science, begin-
ning with war-time theoretical predic-
tion by J. Schwinger in 1943 and con-
tinuing with a discussion of the appli-
cations to understanding the visible
and x-ray radiation from the Crab
Nebula. Kazutake Kohra, Vice
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President, Japan Synchrotron-Radiation
Research Institute, founder of the
Photon Factory and Chairman of the
SPring-8 Project Advisory Committee,
followed with a brief history of the
Photon Factory and SPring-8. Kohra
also emphasized the international
cooperation that has developed within
the synchrotron-radiation community
world wide. Although the organizing
committee invited the directors of both
ESRF in Grenoble, France, and APS
in Argonne, Illinois, Kohra relayed the
regrets of Ruprecht Haensel of ESRF.
Thus progress on the first of the three
new giants of the SR world was not
presented at this symposium.

David Moncton reported, however,
that ESRF has recently achieved its
first circulating current in its 6-GeV
storage ring, and commissioning by late
1993 or early 1994 seems probable.
Commissioning of the APS is sched-
uled for the fall of 1996, and Moncton
foresees no major obstacles to achiev-
ing thatschedule. Atthis time, the APS
construction projectisonscheduleand
under budget, " ioncton reported with
obvious pleasure. Total construction
cost for the APS is estimated to be
$465M, but adding research and devel-
opment costs, early operating costs,
etc. brings the total cost to approxi-
mately $800M between 1988 and 1996.

Moncton was asked several ques-
tions concerning proj¢ "t management.
How, for instance, would employment
of construction personnel be handled
at the completion of the project? How
many staff members will be employed
in beam line development? How will
project scientists obtain beam time for
their own experiments? How will the
workload of staff scientists be balanced
between support of user scientists and
personal research? What will be the
first experiment conducted on APS and
how is that decided?

The current status of SPring-8 was
reviewed by Hiromichi Kamitsubo. He
described the technical progress thor-
oughly. Great care is being given to
minimizing thermal fluctuation and
mechanical vibration. The Harima
Science Garden City site is consider-
ably more stable geologically than the
site of the Photon Factory, where realign-
ment following earthquakes has been
required frequently. SPring-8 will be
built on bedrock, surrounding the top
of a small mountain. At the Photon
Factory, 40-meter-deep support pilings
were used, which footed on an ancient
stream bed, not on bedrock.

Following Kamitsubo’s discussion
of progress, Moncton asked why
SPring-8 will not open until 1998. The
reply was that if funding were permissive,
SPring-8 could be finished 1 year early.
Reporters in the audience picked up
the possibility and reported it in the
next day’s newspaper as a fact. How-
ever, the approved funding profile is
considered unchangeable. Sasaki stated
that the SPring-8 management team
has no expectation that an early open-
ing will be possible, although resched-
uling of various elements within the
construction may be possible as long as
the overall funding profile is not affected.

Research Presentations

Following the theme started by Akio
Yoshimori, most of the research papers
concerned the general problem of
understanding the atomic and electronic
structure of various types of surfaces or
interfaces. Many presenters utilized one
of the several complex surfaces of sili-
con, such as the Si(111) 7x7, or one of
the Si(100) surfaces as examples of the
power of synchrotron-radiation x-ray
experiments to determine surface struc-
tures. Both clean and “contaminated”
surfaces were discussed as important

surfaces to understand, especially in
process situations such as cleaning,
epitaxial growth, metalization, passiva-
tion, or etching.

Ben Ocko of Brookhaven National
Laboratory discussed the possibility
for understanding of the electrochemical
interfaces using angle-dependent x-ray
diffraction (XRD) and x-ray reflectiv-
ity for separating the surface layer from
the underlying bulk. Interface layers
contribute only 10 of the bulk XRD
signal, so that high-intensity SR x rays
are needed to obtain good interface
data. X-ray reflectivity taken near a
core-level x-ray absorption edge of a
known interface contaminant is very
sensitive to interfacial layers.

Ocko showed correlations of XRD
and x-ray absorption with cyclic
voltametry in iodine layers on Au(111).
Bias dependence of these electrochem-
ical interfaces has been shown to influ-
ence the surface atomic construction,
but the theory is understood only in a
general way from the general theory of
Heine.

Paul Fuoss, AT&T Bell Labs, illus-
trated beautifully the power of x-ray
studies of epitaxial growth mechanisms.
In a collaboration with Kisker of IBM
and Brennan of the Stanford Synchro-
tron Radiation Laboratory (SSRL), all
three of the essential ingredients of the
organometallic vapor-phase epitaxy
process were studied in the same
chamber: x-ray spectroscopy of the
organometallic vapor and its fragmen-
tation, grazing-incidence XRD, and x-ray
scattering of the growing surface and
substrate. For example, a growth surface
cut only 0.5° off the (100) Bragg plane
shows a splitting of the truncation rods
in x-ray scattering. Observing these
quantities in a time-resolved way
requires very high intensity x rays, Fuoss
declared.
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In temperature dependent studics,
itwas possible to determine conditions
under which nucleation sites are cor-
related so that high-quality, single-crystal
epitaxial layers will result. GaAs, InP,
and the As/InP growth surface have
been studied by Fuoss and collabo-
rators.

Toshio Takahashi of the Institute
for Solid State Physics, University of
Tokyo, reported studies of the growth
of several metallic systems on Si(111),
using similar techniques. Detailed struc-
tures were reported for partial mono-
layers, full monolayers, and multiple
monolayers of B, Al, In,Sn, Ag, Sb,and
Bi. By studying the angular symmetry
of the x-ray scattering about the Bragg
angle, the vertical distance of the
overlayer above the substrate is obtained,
and the phase change of the x ray upon
Bragg reflection is determined. A highly
detailed structure of the metal over-
layer is obtained, but the experiment
requires 12 days of data taking! The
large increase in intensity which will
be available at SPring-8 will be welcome,
indeed, if many such studies are to be
made.

Another method for studying atomic
location, and also obtaining the thermal-
vibration amplitudes of surface atoms,
was presented by Jamshed Patel of
AT&T Bell Labs. Patel uses the x-ray
standing wave, as obtained from the x-
ray fluorescence that occurs concur-
rently with XRD. As the sample is rocked
slightly through the Bragg condition or
the x-ray wavelength is scanned through
the Bragg condition, the XRD and the
x-ray fluorescence are monitored. The
x-ray standing wave within the crystal
surface layers moves in phase, and the
fluorescence yield varies according to
which layer of atoms lies at the peak of
the exciting standing wave. Thermal
vibration of the atoms determines the
width of the angular or wavelength range
of fluorescence excitation. The results
are analyzed using the Debye model,
which shows quite low Debye temper-
atures (<100 K) for surface atoms.

In his crystal ball, Patel sees great
advantages for higher intensity x-ray
sources of the future. Experiments on
not-so-perfect crystals, experiments
nearer 90° Bragg angles, use of higher
monochromator resolution, and studies
of low-Z adsorbates will all become
possible and offer exciting scientific
opportunities.

An excellent presentation of x-ray
absorption fine-structure (XAFS)
studies of organic adsorbents on Ni(100)
was presented by Toshiaki Ohta, cur-
rently of Hiroshima University but soon
totake the professorship of the retiring
Haruo Kuroda at Tokyo University.
Ohta used both the x-ray absorption
near-edge spectra (often referred to as
XANES or NEXAFS) and the extended
XAFS (EXAFS), along with tempera-
ture variation from cryogenic to 1,000 K,
in hisstudies of thiophenol, thiophene,
and CS, adsorbates on Ni(100).

These experiments were carried out
near the K absorption edge of sulphur
near 2.5 keV, a soft x-ray spectral region
that has been difficult to access in the
past, due to the need for large d-spacing
monochromator crystals and a vacuum
environment. Ohta’s results illustrate
the danger in extrapolation of behav-
ior of one molecular adsorbate to
another, even similar adsorbate. The
surface structure, effective coordina-
tion, dissociation, and desorption of
thiophene and thiophenol on the Ni
surface behave quite differently as a
function of temperature.

Science is far from an adequate
experimental or theoretical understand-
ing of molecule-surface interactions,
and experimentssuch as Ohta’sneed to
be conducted on many molecule-surface
systems of importance in technology.

Brian Tonner, University
of Wisconsin-Milwaukee and
Synchrotron-Radiation  Center,
Stoughton, followed the theme of
x-ray based analysis of surfaces and
interfaces. He presented results of
“Ultra” ESCA (electron spectroscopy
for chemical analysis), photoelectron

diffraction (PED) holography, and
photoelectron microscopy in a three-
part presentation.

Inultra-ESCA, Tonner pointed out
that intrinsic line widths for low-Z
elements are as low as 10 meV, which
can be observed using very high resolu-
tion x-ray excitation instead of the
customary electron beam excitation.

PED holography, usable on metal,
insulator, or semiconductor surfaces,
has the capability of imaging the sur-
face with a resolution of 0.05 10 0.5 A,
which is competitive with scanning
tunneling microscopy. The technique
detects the angular dependence of the
photoelectrons emitted from the sur-
face as a hologram of the surface. Holo-
graphic reconstruction of the surface
produces a high-resolution, three-
dimensional image. This image is
compared with computed holographic
images to obtain quantitative atomic
positions and to eliminate artifacts.

As examples of PED holography,
Tonner showed results of studies of the
Cu(111), Ir(111), and Cu/Ir(111) sur-
faces. These results indicate the prom-
ise of x-ray-generated holographic tech-
niques and illustrated the importance
of increased x-ray flux if these tech-
niques are to be used extensively in
surface science.

Both photoemission microscopy and
x-ray absorption microscopy were dis-
cussed by Tonner. In the former case,
Tonner showed studies of a patterned
layer of Al, 50 nm thick, on GaAs. As
an example of x-ray absorption micros-
copy, Tonner showed results of studies
of yttrium-barium-copper oxide using
the Ba 4d x-ray absorption edge. The
ability to select x-ray wavelengths above
or below core-absorption edges, or at
peaks of near-edge x-ray absorption
spectra, and to microscopically image
that data will help answer many detailed
chemical and physical questions about
surfaces of importance technologically.

Masaharu Oshima, self-styled
“Samurai Spectroscopist” of the NTT
Interdisciplinary Research Laboratory,
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Tokyo, showed his application of photo-
emission spectroscopy to three inter-
facial systems of technological impor-
tance: CaF /GaAs, metals on sulphur-
passivated GaAs, and InAs/SF/
EuBa,Cu,0,. Using photoemission
near the Ca(3p) absorption edge at
114 ¢V, Oshima studied the surface
construction versus growth tempera-
tureduring epitaxial growth of CaF,on
GaAs(111)A & B, and GaAs(lﬁO).
Ultimately, Oshima obtained an MS
(metal-semiconductor) structure that
was freeof pinningon the GaAs(111)B
surface.

Additional studies of the noise
performance of this MS field effect
transistor (FET) were made using x-ray
standing wave excited fluorescence
spectra of the S(K) absorption edge.
The locations of the S atoms at the
interface were determined for
GaAs(100), GaAs(111)A, and
GaAs(111)B surfaces. Binding-energy
shifts of the S-Ga bonds were obtained
and correlated with 1/ noise associated
with the interfacial region.

The effects of sulphur passivation
on aluminum layers on GaAs were
studied usingsimilar techniques. It was
found that metallic Gais formed, along
with Al-S bonds. These surfaces appear
10 have considerable promise in GaAs
electronic devices.

Finally, Oshima discussed his excit-
ing studies of superconducting transis-
tor structures: GaAs/EBCO/InAs, where
the GaAs will serve as the emitter,
EBCO (EuBa,Cu,0,) as the base, and
InAs as the collector. First, GaAs was
oxidized and EBCO deposited. Then
SrF, was deposited, and finally InAs
was deposited. In depositing the InAs,
only three monolayers were deposited

at the low temperature of 200 °C, fol-
lowed by the In layer before heating to
the deposition temperature of InAs.
The SrF, interlayer prevented the for-
mation of InO prior to the higher
temperature InAs deposition.

In the future, a higher photon flux
from SPring-8 will allow combination
measurements, real-time analysis of
growth situations, imaging of growing
structures, and spatial resolution of
characterization measurements.

Studies of surface and thin-film
magnetism were discussed by Jirgen
Kirschner of the Freie Universitit Berlin.
Kirschner used polarized and unpolar-
ized VUV synchrotron radiation to
excite spin-polarized photoelectrons
from thin films of Fe(100), Cu(100),
Co/Cu(100), and multiple layers of Cu
and Co. These studies show that a few
monolayers of Co on Cu induce polar-
ization of the Cu(3d) electrons and the
Cu s-p bands. Co films nine mono-
layers thick show square domains polar-
ized along the <110> directions.

In the Fe films, the Fe(2p) levels at
680 and 695 eV are split by spin-orbit
interaction into spin-up and spin-down
components. However, spin splitting
of S-core states is very small. Kirschner
reported that the spin polarization of
s- and p-levels is not well understood
theoretically.

The question of a possible spin-
polarized scanning tunneling micro-
scope (STM) was brought up by a
questioner. Kirschner indicated that,
although he has thought about it, no
ideas have occurred yet. He reported a
rumor from Basel, Switzerland, that
someone is working on such a device,
but emphasized that the rumor has not
been verified.

The final paper of the conference
was presented by Yoshitada Murata,
Institute of Solid State Physics, Uni-
versity of Tokyo. He summarized the
study of surface and interface science.
Up to the present, problems under-
taken have been oriented toward the
study of interface physical structure,
electronic structure, and interface
absorptionspectra. A prime example is
the Si(111) 7x7 surface, including the
second layer studies by STM.

Murata projects that in the future
problems undertaken will utilize angle-
resolved and time-resolved synchrotron-
radiation techniques such as ARUPS
(angle-resolved ultraviolet photoemis-
sion spectroscopy), SXAFS (surface
x-ray absorption spectroscopy), spin-
polarized (SP) UPS, or SPARUPS for
the study of complex structures such as
O/Ni(100) or for the production of new
materials utilizing surface properties.
Dynamical processes, phase transitions,
surface reconstruction dynamics, and
absorption-induced restructuring will
be important areas for research effort.

Absorption, diffusion, desorption,
and reaction will be studied from the
quantum-mechanical viewpoint. Nearly
elementary processes, thermal reactions,
and nonthermal processes will be impor-
tant to study.

Photodesorption and photon-
stimulated desorption will be pursued
in order to understand high-reaction-
rate processes with high selectivity.
Murata suggested a strong need for
exclusive SR beamline facilities or for
compact, individual-laboratory SR
sources for VUV experiments, espe-
cially for complex systems involving
laser and SR beams and the like.
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