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The Advanced Light Source is situated in the hills of Berkeley, Cali-
fornia, overlooking the San Francisco Bay. Its building incorpo-
rates the dome that once housed the 184-Inch Cyclotron built by
Lawrence Berkeley Laboratory s founder E.O. Lawrence.

Cover drawing of ALS building bﬂ( Mark Schwettmann of the University of California at
Berkeley. The work originated frofm an evening art session held at the ALS as part of a Vis-
ual Arts course given by Professor;]oseph Slusky of the U.C. Architecture Department. The
paintings and drawings done by the students, which represented a broad range of media
and styles, were displayed in the lobby of the ALS as part of a special exhibit sponsored by
David Attwood of LBL's Center for X-Ray Optics and Iran Thomas from the Office of Basic
Energy Sciences, Department of Energy.
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DISCLAIMER

This report was prepared as an account of work sponsored
by an agency of the United States Government. Neither
the United States Government nor any agency thereof, nor
any of their employees, make any warranty, express or
implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial
product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute
or imply its endorsement, recommendation, or favoring by
the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States

Government or any agency thereof.
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Directors Message—

Report, designed to provide an overview of our operations and

accomplishments during 1993. It highlights some of the efforts
and achievements which contributed to the successful on-time, on-
budget completion of the ALS construction project in March, and the
on-time, on-target delivery of first light to users’ experiments in

I t is with great pleasure that I introduce the first ALS Activity

October.
Project Completed, he spring marked a grand finale and a new beginning for the ALS.
De_gign Goal After six years of planning, designing, building, testing, installing,

Achieved @nd aligning components, we completed the ALS construction project—
ahead of time and within budget. Yet even while celebrating our success,
we began a new mode of operations. The ALS project became the ALS
Center, a Department of Energy national user facility, and we immedi-
ately began gearing our efforts toward providing high-quality photon
beams to user experiments.

The ALS storage ring proved a robust and reliable performer from the
beginning. In fact, one of the most remarkable aspects of the final
phase of the construction project—commissioning the storage ring—
was the speed with which it progressed. March 16 was especially sig-
nificant. It was the day we turned on the rf power system for the first
time and immediately stored an electron beam. From then on, the
electron-beam current increased almost daily toward the 50-mA goal
required for project completion. We surpassed this on March 24,
when 65 mA of current were stored in the ring, and just two weeks
later we stored 407 mA, exceeding the 400-mA design goal. The fact
that the system worked as soon as it was turned on is a testimony to
the knowledge and skill of the project team.

ALS Deemed Ready he ALS received a grade of “excellent” at our project closeout and
to Operate safety reviews in late May. The review committees, made up of

Department of Energy (DOE) managers and outside consultants, were
impressed by the enthusiasm and commitment of the ALS staff, espe-
cially our Environment, Health, and Safety personnel, as much as by
the quality of the hardware. The committees deemed the ALS “ready
to operate,” and, thanks to the efforts of the DOE locally and in Wash-
ington, the facility received prompt approval of Key Decision 4 (KD4)
(the formal permission to operate the facility) from Energy Secretary
Hazel O’Leary on July 19. The ALS is the first DOE project to go
through the DOE Major Systems Acquisition process, including KD4.
The way the ALS and LBL teams handled this challenge was first rate,
and set a high standard for other projects to follow.



First Beamlines
in Operation

Teamwork is Key
to Success

fter the highly productive accelerator commissioning during the
spring, we scheduled a three month summer shutdown to pre-
pare for the start of user experiments. Several beamlines and two
undulators were installed on the experiment floor and every critical
component was realigned. We stored beam on the first day after re-
suming operations and achieved a beam lifetime of 10 hours with a
current of 100 mA within a matter of days.

Our much-anticipated transition from new accelerator to operating user
facility took place on October 4 when the ALS delivered the first light to
a user experiment: the Center for X-Ray Optics microprobe beamline.
Two weeks later, on October 18, a transmission grating spectrometer
began recording undulator spectra on Beamline 7.0.

The high performance of the ALS accelerator system and the amazing
progress in beamline commissioning demonstrate that the ALS team
is truly the world leader in this business. From the start of operations
for user experiments, the ALS storage ring was able to operate rou-
tinely at its design current of 400 mA and energy of 1.5 GeV. Beamline
characterization measurements confirmed the realization of undulator
and monochromator design goals, and initial experimental results
provided a glimpse of the exciting science to come in 1994.

he ALS Dedication Ceremony on October 22 was a reminder that
projects like the ALS are built on teamwork. The Dedication brought
together all the different groups that make up the “ALS Team” and who
have contributed so much to its success. This includes not just the ALS
staff, but also LBL personnel, the Department of Energy,

the user community, and local and state government offi-
cials. Putting together this team, and fostering the coop-
erative relationships within, was largely the work of my
predecessor Jay Marx. During his six years as ALS Direc-
tor, he established the foundation on which our current
and future achievements are based.

Fos
¢

Our user community also deserves credit for our suc-
cess. [ want to thank you for your steady support and
assure you that, in return, we are striving to make the
ALS the location of choice for scientific and industrial
projects utilizing synchrotron radiation.

In conclusion, I want to thank everyone at the ALS for
their splendid efforts over the last year. With their
help, I am confident that we are ready to meet the
challenges and seize the opportunities that lie ahead.

Brian M. Kincaid
Director
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August 1988
Ground-breaking ceremony
launches construction.

¢ April 1989 Project leaders keep close eye on progress.
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October 1989 Last major
concrete pour for floor and foundation.

May 1990 Technicians tackle the complex
task of assembling the myriad of magnets
used in the storage ring.




January 1992 Last straight section for
storage ring arrives with fanfare.
Ad

November 1991 Final storage-ring
magnet assembly completed.

N March 1991 Linear accelerator produces
first beam on first try.

March 31, 1993 Beam current reaches 290 mA—
exceeding project baseline requirements.

S X
o
= -
L s

October 4, 1993 First light delivered to a user
beamline, signaling the start of user operations
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——Operations Overview—

tions ranging from injecting electrons into the storage ring for

I I 1 he ALS started 1993 with an ambitious set of goals for opera-
the first time to delivering the first light to user experiments.

* Commission the storage ring in two months rather than in the full
year originally anticipated.

* Make a smooth and efficient transition from construction project to
operating facility.

¢ Plan and facilitate the summer shutdown to maximize the installa-
tion of equipment and other work activities required for the initial
set of beamlines.

* Deliver high-quality photon beams to user experiments by October.

* Maintain a reliable operations schedule of beamtime to users.

The fact that we delivered on every one of these items as promised is
a success story shared by everyone at the ALS. I don’t think any of us,
when the list was made, fully grasped the quality and quantity of
effort that would be required to match this pace of achievements. In
fact, we often discussed our progress in terms of the “miracle of the
week” performed by an individual or group which moved us ever
closer to the next milestone.

Mode of large amount of the administration staff’s time and energy dur-

Operations ing this year was spent on developing an organizational struc-
ture and a day-to-day method of operations geared toward efficiency,
user-friendliness, and safety. We consolidated our operations sched-
uling and support for day-to-day user activities into a new Operations
Group. The group includes the operations coordinators, who, as the
point of contact for user requests and questions, oversee activities on
the experiment floor, provide assistance to users, and ensure compli-
ance with safety regulations.

With careful consideration of user requests for beamtime and of the
necessary budgetary restraints, we developed a routine operating
schedule of 14 8-hour shifts per week: nine dedicated to user experi-
ments and five set aside for maintenance and beam physics experi-
ments. The accelerator physics group has devoted its beamtime to
characterizing the beam and improving machine performance.
Thanks in large part to their efforts, the ALS achieved an exceptional
level of performance in record time, with the ability to deliver beam to
user experiments on a reliable schedule, an accomplishment greatly
appreciated by the user community.



Future Challenges

Our commitment to quality operations is carried forth in part by the
appointment of a quality assurance officer, whose functions are to
evaluate our performance in meeting expectations, to respond to user
suggestions or complaints, and to locate the sources of problems that
are affecting our performance. We recognize that all our endeavors
must be accompanied by a responsibility to safeguard the health of
our employees, our users, and our environment.

As both the number of our users and the industrial interest in using
our facility continue to grow, we realize the importance of planning
ahead to minimize the length of shutdown periods. To this end, we
performed a careful “postmortem” of our summer shutdown activi-
ties so that we can develop more efficient, time-saving methods for
performing maintenance procedures and installing new beamline
equipment and insertion devices.

I have the responsibility as head of operations to make sure the
needs of our customers are met now and in the future, and that we
maintain consistent, high quality in both machine performance and
user services. I especially want to thank the user community for their
valuable suggestions and comments during our initial period of user
operations. Hearing from our customers is essential for continued
improvements in the quality of light delivered to user experiments
and in the work environment at the ALS.

I look forward to our first full year of user operations. I know it will
involve at least as many challenges as we faced this year—but I am
confident we will generate

\ | many more “marvels” to
< solve them.
I Ben Feinberg
ot . Head of Operations
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User Program—

Surface
and
Materials

Metrology and ~ Science
Standards

Surface and
Materials Science

X-Ray
Microscopy Chemical Dynamics

Atomic and
Molecular Science

) Atomic and
Materials Science

Chemical and
Surface Science

Fluorescence
X-Ray
Microprobe

X-Ray Optics
Development

Materials Science
Diagnostic and Biology
Beamline
EUV Projection

Lithography

ALS beamlines planned for 1993-1995 operations.



Research
Opportunities

industry, universities, and government laboratories. A third-

generation synchrotron-radiation source (specifically designed
to make optimum use of insertion devices), the ALS provides opportu-
nities for research in many different fields such as materials science,
atomic and molecular physics, chemistry, biology and medicine, earth
and environmental sciences, manufacturing technology, and analytical
services. The facility is capable of accommodating approximately 46
beamlines and more than 100 experiment endstations.

T I 1he ALS, a national user facility, welcomes researchers from

he ALS storage ring is optimized to run at an energy of 1.5 GeV,

although it can run from 1 to 1.9 GeV, allowing flexibility for user
operations. The normal maximum operating current is 400 mA in
multibunch operation with a lifetime of approximately 12 hours; other
filling patterns are available upon request. The spectral range of undula-
tor and wiggler beamlines extends from photon energies of roughly
10 eV to 10 keV. Bend magnets produce radiation from the infrared to
about 10 keV.

The scientific program planned for the first years of operation empha-
sizes the high brightness of soft-x-ray and ultraviolet light available
from the ALS. The initial set of beamlines and insertion devices
(shown on the facing page and in Table 1) were selected through close

Beamline Source Research Energy Range Avail.

3.1 Bend magnet Diagnostic beamline 200 eV 1994

6.1 Bend magnet High-resolution zone-plate microscopy 250-600 eV 1994

6.3 Bend magnet Metrology and standards 504000 eV 1994

7.0 U5 undulator Surfaces and materials, 70-1200 eV Now
spectromicroscopy

8.0 U5 undulator Surfaces and materials 70-1200 eV Now

9.0.1 U8 undulator! Atomic physics and chemistry 20-300 eV 1994

9.0.2 U8 undulator! Chemical dynamics 5-30 eV 1994/95

9.3.1 Bend magnet Atomic and materials science 700 eV-6 keV 1994

9.3.2 Bend magnet Chemical and materials science 50-1500 eV 1994

10.3 Bend magnet Materials science and advanced 3-12keV Now
microprobe instrumentation

11.0 EW?20 elliptical wiggler Materials science and biology, 50eV-10keV  1995/96
magnetic materials

12.0 U8 undulator EUV projection lithography, 60-320 eV 1995
optics development

'Will change to U10 in 1995

Table 1. ALS beamlines for 1994-1995.



and extensive interaction with prospective users and the scientific
community. See “Beamlines 1994-1995” for more detailed information
on the beamlines and endstation capabilities.

As a DOE national user facility, the ALS does not charge users for
beam access if their research is non-proprietary. Users performing
proprietary research will be charged a fee based on cost recovery for
ALS usage. All users are responsible for the day-to-day costs of re-
search (e.g., supplies, phone calls, technical support).

Availability to The first beamlines at the ALS began operations in October 1993
Researchers and during the initial year of operations most of the experiments

will be carried out by Participating Research Teams (PRTs)—groups
of researchers with related interests from one or more institutions.
The PRT has the primary responsibility for experiment endstation
equipment for their associated beamline, and, in return, receives a
guaranteed fraction of the ALS operating time. Through a proposal
process, a substantial fraction of running time at each beamline will
also be made available to independent investigators not affiliated
with a PRT. Although largely free from the responsibility of furnish-
ing endstation facilities, independent investigators may choose to pro-
vide their own experiment chambers. Four beamlines are expected to
be available to independent investigators during 1994: undulator
beamlines 7.0 and 9.0.1 and the bend-magnet beamlines 9.3.1 and
9.3.2. Further details may be found in PUB-3104, ALS Beamlines for
Independent Investigators, which is available on request from the ALS.

User Services We devoted considerable effort in 1993 to creating a comprehen-
sive ALS user services program designed to streamline users’

access to the facility, ensure compliance with all applicable safety
regulations, and provide optimal support for the installation and
operation of experiment equipment. In establishing these services and
facilities, the ALS User Liaison, Fred Schlachter, worked with the ALS
operations and administrative staff to make the ALS as user friendly
as possible. New users can appreciate this well-orchestrated program
as soon as they arrive at the LBL Reception Center. There the empha-
sis is on “one-stop shopping” for new users, who can complete their
registration forms, obtain ID badges and parking permits, arrange for
the safety training they are required to go through as ALS users—all
in one location. The Reception center will also assist users from out-
side the immedjiate area with housing referrals.

The ALS worked closely with members of the Users’ Executive Com-
mittee to plan and prioritize the user support facilities needed by the
users to conduct their experiments, and we expect many of these

10




amenities to be completed in 1994. These facilities include a user
machine shop, laboratory, gas storage room, semi-clean and UHV
assembly areas, storage spaces, and an on-site inventory of commonly
used items such as flanges and floor anchors. Part of Building 7 near
the ALS has been set aside for user offices.

Assistance with the logistics of research is
provided by operations coordinators who are
part of the ALS Operations Group. During
storage ring operation, an operations coordi-
nator is available at on the experiment floor
all times to help solve users’ problems and
ensure compliance with safety regulations.
The operations coordinators can resolve
questions regarding floor-space allocation,
housekeeping, and shipping and receiving.
~They also coordinate the services provided
by the ALS support groups, which include
electricians, crane operators, and electronics,
mechanical, and UHV technicians.

The other side of the operations coordinator’s
job is ensuring compliance with all appli-
cable environmental, health, and safety regu-
lations. In this capacity they are responsible

Ray Thatcher (right), head of the
ALS Beamlines Operation
Section, provides advice on
equipment installation to
Beamline 8.0 research team
member Mahesh Samant from
IBM.

Community
Outreach

for inspecting and keying-on new beamlines

or beamlines that have been shut down for
any length of time or for modifications. The operations coordinators
also make sure that the proper documentation is posted adjacent to
each beamline, that users have received all the training required for
their experiments, and that hazardous materials are handled prop-
erly. They are also available to answer any questions that may arise
concerning safety-related equipment such shielding, interlocks, and
personnel protection shutters.

Two workshops were held during the year as part of the ALS’
mission to identify and explore new scientific opportunities for
synchrotron light. Approximately 40 scientists and engineers partici-
pated in an informal workshop in April to discuss the production and
use of elliptically polarized radiation at the ALS, and soft x-ray inter-
ferometry was the topic of a workshop held in June. The well attended
annual ALS Users’ Association Meeting in October also provided the
opportunity to learn about the unique scientific opportunities offered
by the ALS. See “Special Events” for a summary of the workshops
and the annual meeting.

11




—Users’ Executive Committee—

David L. Ederer, Chair Users’ Executive Committee
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Users’ Executive Committee. It began with the first beam success

fully injected and ramped to full energy in the storage ring, and
finished with the team at our endstation achieving their first results.
Oh yes, in between there was the realization of 400-mA beam in the
storage ring, as well as the users’ meeting and dedication ceremony.
Exciting times indeed! These moments come not by chance, but as the
result of a large number of people working well together. I take this
opportunity to express the thanks of all the users to the ALS team for
their dedication and untiring efforts to bring the facility to successful
operation and complete the initial set of user beamlines.

I have many special memories of my year as chair of the ALS

The dedication gave us all the opportunity to bask with pleasure at a
job well done. But after all the accolades, there was work to be done!
The first light had been delivered to a user beamline on October 4,
and our Beamline 8 collaboration team was fervently working toward
getting our first results. We weren’t alone, our frantic pace of activity
was being replicated on each and every other beamline as the promise
of seeing “something exciting” with ALS light spurred everyone on.

Every day of progress on a beamline brings new questions and chal-
lenges to solve. Where are the utilities located? Has the software been
installed? Did we order a filter for the mechanical pump? The list is
almost endless, but it gets done step by step. Finally, we are ready.
But where are the diffraction gratings? When will they be delivered?
Well, if the grating isn’t ready yet, we will use the output of the
undulator directly! After all, it does have a narrow band width. Let’s
go! The undulator beam was turned on and the sample (a silicon
substrate and a single layer of boron nitride molecules and an over-
coat of carbon 50-A thick) glowed with the fluorescence from the
layer of boron nitride excited by the soft x rays.

What did all this mean? We had discovered a technique to study
atoms at the interface between layers of material and answer ques-
tions about how the atoms are bonded: Are they corrosion sites? Is the
interface conducting or insulating? With new materials in constant
demand, the answers to questions like these provide important input
toward the development of new technology. Of course, we owe the
success of our initial experiments to many people, and Beamline 8 is
only a microcosm of all the other beamlines—whose research teams
will deliver their own exciting results as the future unfolds.

13
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I am also pleased to report that there has been significant progress
during the past year on a number of “quality of life” issues affecting
ALS users. The streamlined “one-stop-shopping” sign-in and safety
training process is operating efficiently, a clean-assembly laboratory
and machine shop are ready for use, and several parking places have
been reserved for ALS visitors. Office space is being made available to
users, and plans for additional services are underway.

In closing, I encourage current and potential users of the ALS to take
an active role in the development of its scientific program. It is up to
us to make use of the opportunities and challenges that the ALS
presents and help realize the full potential of the facility. The pace of
events and accomplishments during 1993 has been truly remarkable—
let it continue!

David L. Ederer, 1993 Chair
ALS Users’ Executive Committee



The Users’ Executive
Committee

he Users” Executive Committee (UEC) is an elected body compris-

ing 11 members with staggered terms of three years. During 1993,
the UEC made important contributions to planning for ALS opera-
tions, defining space requirements for user offices and laboratories,
and devising the user safety program.

ALS Users’ Executive Committee, 1993

C. Denise Caldwell, University of Central Florida

Thomas A. Callcott, University of Tennessee

George Castro, IBM Almaden Research Center

Stephen P. Cramer, University of California at Davis

Norman Edelstein, Lawrence Berkeley Laboratory

David L. Ederer, Tulane University (chair)

Piero A. Pianetta, Stanford Synchrotron Radiation Laboratory
(past chair)

Linda S. Powers, Utah State University

James G. Tobin, Lawrence Livermore National Laboratory

Brian P. Tonner, University of Wisconsin at Milwaukee and
Synchrotron Radiation Center, University of Wisconsin at Madison

Michael G. White, Brookhaven National Laboratory (vice-chair)

ALS User’s Executive Committee, 1994

Harald Ade, North Carolina State University

Nora Berrah, Western Michigan University

Jeffrey Bokor, University of California at Berkeley

C. Denise Caldwell, University of Central Florida

Thomas A. Callcott, University of Tennessee (vice-chair)

George Castro, IBM Almaden Research Center

Norman Edelstein, Lawrence Berkeley Laboratory

David L. Ederer, Tulane University (past chair)

Linda S. Powers, Utah State University

James G. Tobin, Lawrence Livermore National Laboratory

Brian P. Tonner, University of Wisconsin at Milwaukee and
Synchrotron Radiation Center, University of Wisconsin at Madison

Michael G. White, Brookhaven National Laboratory (chair)
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Computer-generated images of
the structural backbone of the
ras protein, a molecule which
plays an important role in
regulating cell growth in
humans. The images are based
on information gathered by a
research team led by Professor
Sung-Hou Kim using
synchrotron-based x-ray
crystallography. Professor Kim is
director of LBL’s Structural
Biology Division and a co-
developer of the proposed ALS
macromolecular crystallography
facility which will serve academic
and industrial users.
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Macromolecular
Crystallography

build productive relationships with the private sector to

develop the commercial potential of new technologies. We
envision a broad spectrum of industrial applications for the ALS, with
commercial activities accounting for an appreciable fraction of the
facility’s usage in the future. As such, we are developing a framework
and strategy for industrial use of the ALS which is aimed at providing
our industrial partners with the scientific and technological information
and assistance they need to take advantage of the unique capabilities of
this facility.

ﬁ significant role of the ALS as a national user facility is to

In the near term, the main growth areas for industrial collaborations
are expected to be x-ray crystallography, microfabrication, nanoscopic
compositional analysis, and x-ray spectroscopy. Our industrial out-
reach activities in these areas have already begun to bear significant
fruit. We have formed several informal working groups with compa-
nies who are interested in using the ALS as part of their product
research and development program, and we expect several of these
interactions to develop into collaborative research projects in 1994.

major focus of our industrial outreach effort has been in the area

of x-ray crystallography, which is the premier technique for
determining the atomic structure of biological macromolecules such as
proteins (including DNA and RNA) and viruses. X-ray crystallography
has made accurate 3-D modeling of such molecules possible for the first
time, revolutionizing biochemical research. For pharmaceutical compa-
nies, this quantum leap in analytical capabilities has transformed a
process of trial-and-error testing into a science of structure-based drug
design.

This revolution in biochemical research and development has created a
significant increase in the demand for state-of-the-art x-ray crystallogra-
phy facilities—facilities the ALS is well suited to provide. So far, efforts
to promote this use of the ALS have concentrated on defining the needs
of prospective users and planning facilities to meet those needs. A draft
White Paper, outlining plans for a user-friendly, high-throughput x-ray
crystallography facility at the ALS, was distributed to the representatives
of more than twenty commercial biotechnology and pharmaceutical
firms and to nearly forty researchers at universities and national labora-
tories.

The document has won widespread approval within this group of or-
ganizations, and the Department of Energy (DOE) has requested a
detailed proposal for the facility. Recognized as a key component in
the ALS’ scientific and industrial research program, the project has
already received $500,000 from the University of California through

17




LBL Director Charles Shank to start the construction of the insertion
device for the beamline, and $200,000 for FY 1994 from the Depart-
ment of Energy’s Office of Health and Environmental Research
(OHER). Also proceeding in parallel is the design and construction of
a high-power, curved-crystal monochromator, one of the key compo-
nents of the beamline, using $300,000 received from OHER.

The Macromolecular Crystallography Facility will provide highly-
automated instrumentation to streamline such processes as crystal
changing and alignment, detector calibration, and the storage, transfer,
and analysis of experimental data. Users of the facility will also have
access to the Structural Biology Support Facilities, a project that has been
approved by the DOE for construction at the ALS beginning in FY 1994
at a cost of $7.9 million and due for completion in FY 1996. The support
facility, occupying 11,100 gross square feet near the protein-crystallogra-
phy experimental stations, will provide computers for data analysis and
laboratories for the preparation and characterization of samples.

Microfabrication icromachining features the use of x-ray lithography to produce
mechanical and electromechanical devices and components of
near-microscopic scale. Until recently, most of these tiny devices were
made by surface micromaching, conventional lithography combined
with thin-film deposition or etching. Our activities are concentrating
on the use of the new tech-
nique, deep-etch x-ray lithog-
raphy, to produce more practi-
cal 3-D “high-aspect ratio”
microscopic machines known
as MEMS (for micro-electro-
mechanical systems), which
are very tall in relation to their
length or width. These micro-
structures include micro-
sensors, microactuators, and

P il . . Li
This microstructure, fabricated at the ALS by deep-etch x-ray lithography, could be
used in the manufacture of thermal sensing units for automobile engines. The high
precision of the lithography process enables complex structures like this to be

manufactured with submicron accuracy.

18



micro-flow-control devices that find applications in fields ranging
from automotive technology to bioengineering. Microstructures are
considered by many to be the most promising new technology to
appear on the high-tech horizon since the integrated circuit. Today’s
market for such devices is estimated at $500 million, with the poten-
tial to exceed $8 billion by the year 2000.

Several initiatives were launched in 1993 to help establish the ALS as
a prime research and production facility for this burgeoning market.
The first of these was the formation of a Bay Area MEMS consortium,
whose initial membership includes LBL, other noncommercial
research institutions, and a number of industrial firms that are enthu-
siastic about the commercial potential of MEMS. The consortium aims
to promote MEMS research and investment within the greater San
Francisco Bay area.

To promote active collaborations between the scientific and industrial
communities interested in micromachining, the Technology Transfer
Department and Center for X-Ray Optics at LBL organized a work-
shop on high-aspect-ratio MEMS in August 1993. One significant
result of the meeting was the formation of the first Participating
Research Team (PRT) dedicated to MEMS development. Its members
include LBL’s Technology Transfer Department and Center for X-Ray
Optics (CXRO), the Jet Propulsion Laboratory, Lawrence Livermore
National Laboratory, and Sandia National Laboratory in California.
The group produced the first deep-etch x-ray lithography demonstra-
tion structures in late 1993, and has begun construction of an
endstation on the CXRO beamline 10.3 for x-ray lithography. The
endstation is scheduled to begin operation in August 1994.

The third, and perhaps most important, accomplishment for 1993 was
reaching a cooperative agreement with four other facilities to provide
a “duplicative infrastructure” for industrial users of the ALS’
microfabrication facility. The participants are Lawrence Berkeley
Laboratory (Advanced Light Source and Center for X-Ray Optics), the
University of Wisconsin (Synchrotron Radiation Center), and Louisi-
ana State University (Center for Advanced Microstructures and
Devices) with Louisiana Technical University (Institute for Micro-
manufacturing).

The facilities agreed to adopt common standards for the critical tools
and processes required for microfabrication so industrial users will
have at least one interchangeable second source. Further, the facilities
will coordinate their operation schedules to ensure industrial avail-
ability for critical manufacturing runs.
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X-Ray Spectroscopy
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Participants at the signing ceremony for the Memorandum of Understanding to develop
common standards for microfabrication were Brian Kincaid (ALS Director), Glen
Dahlbacka (LBL Technology Transfer Office), David Huber (University of Wisconsin), Brian
Tonner (University of Wisconsin), and Volker Saile (Louisiana State University).

We have also received considerable interest for industrial use of
the ALS in the areas of materials, interface, and surface science.
One such application is the use of microscopy for surface chemical
analysis (see sidebar). The ALS offers the ability to use zone plate
microscopes in combination with the techniques of near-edge x-ray
absorption fine structure (NEXAFS) (also known as x-ray absorption
near-edge structure (XANES)) and electron spectroscopy for chemical
analysis (ESCA) to provide chemical information with a spatial reso-
lution of greater than 300 A, a vast improvement over the 20 um
resolution achieved using conventional micro-ESCA.

NEXAFS can yield information on such items as chemical binding and
bond symmetry and gives a unique chemical fingerprint of a particu-
lar chemical species. One potential use of the techniques is for a
greater understanding of the nucleation and formation of voids in
metal tracks on integrated circuits, and how the voids move along the
tracks and aggregate with other voids eventually causing track failure
(a process known as electro-migration).



Surface Chemical ear-edge x-ray absorption fine structure (NEXAFS), also
A nalysis known as x-ray absorption near-edge structure (XANES), is
becoming increasingly useful for the structural analysis of materi-
als. This figure shows the extended x-ray absorption fine structure

Absorption

<-NEXAFS »}«——— EXAFS ———>

Edge

(EXAFS) region above an
x-ray absorption edge and
the NEXAFS region near
the edge. NEXAFS permits
a unique look at the atomic
and electronic structure of a
substance and allows scien-
tists to tune in on a given
constituent atom in a mate-
rial to examine its local
structural environment and
chemical bonding with
neighboring atoms.

Electron spectroscopy for chemical analysis (ESCA) is one of the
most direct spectroscopic tools for investigating in detail the elec-
tronic structure of solid, liquid, and gaseous matter and for prob-

Monochromatic
soft x rays

TR

Electron
energy analyzer

ing the chemical state of
atoms in different environ-
ments. It is particularly use-
ful for probing surfaces,
whether clean, covered
with adsorbed species, or
coated with thin films. Elec-
trons ejected from a sample
after absorption of x-ray
radiation are analyzed for
their kinetic energies,
which can be related to the
binding energies of the elec-
trons in the sample.
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——Accelerator Operations—

The control room operators oversee the entire process of injecting, accelerating, and storing the electrons in the ring.
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the end of 1993. Time of day
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Commissioning
Progress

ne of the biggest success stories for the ALS in 1993 was the

rapid commissioning and outstanding performance of the

accelerator systems and storage ring. The leap from first elec-
trons into the ring to meeting all project baseline requirements was
made in a little over two months, the first light was delivered to user
experiments in October, and an enviable level of performance was
achieved by year’s end. We had shown that we could provide single-
bunch, few-bunch, and multibunch operation on demand, and pro-
vide beam to users on a reliable schedule within promised param-
eters. The speed with which the Accelerator Systems Group led by
Alan Jackson met our primary performance goals validated our over-
all design, and set a new standard in the accelerator community.

he extremely eventful and successful commissioning of the ALS

was launched on January 15 when electrons were first injected
into the storage ring. After guiding the electron beam around the ring
for the first time on January 19, the commissioning team quickly
reached its short-range goal of 50-200 turns without the radio fre-
quency (rf) power system working. By February 10, the team was rou-
tinely able to produce 1.5mA of coasting electron beam over more
than 250 turns without using the steering magnets —a tribute to the

design, construction, and align-

ment of the ring.
ALS Storage Ring Parameters
Operating energy
Nominal 1.5 GeV
Minimum 1.0 GeV
Maximum 1.9 GeV
Natural emittance 3.6 nmerad
RF frequency 500 MHz
Emittance ratio (ey /ax) =5%
Horizontal beam size at symmetry = 0.20 mm
Vertical beam size =0.03 mm
Beam current
Multibunch mode 400 mA
Single-bunch mode 20mA
Filling pattern (multibunch mode) 320/328 bunches
Bunch spacing 2ns
Beam lifetime* (multibunch mode) 14 hrs
* Beam lifetime defined as the time for the beam to decay from 400 mA to 147 mA.
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ALS Storage Ring
Lattice Structure

(Top) The ALS storage ring has
12 arc-shaped and 12 straight
sections. (Middle) One
superperiod of the ALS triple-
bend achromat lattice. A
compact structure is achieved by
including vertically focusing
gradients in the bend magnets
(B), and by using a single
quadrupole family (QFA) to
control the dispersion function, a
quadrupole doublet family (QF
and QD) to match the betatron
tunes, and two families of
sextupoles (SF and SD) to correct
the chromaticity. (Lower)
Horizontal and vertical

B functions and dispersion for
one superperiod of the storage
ring lattice.
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The many accelerator physics investigations made with this coasting
beam gave us confidence in the model of the storage ring that is em-
bodied in the control system. The next step was to begin using the rf
system to replenish the energy lost by synchrotron radiation. On
March 16, rf power was applied and the beam began to accumulate in
the ring with only minimal tuning of the storage-ring parameters. The
beam current was a mere 6 mA, with a lifetime of only 5 minutes, but
clearly all systems were functioning (Figure 1). Eight days later, the
technical baseline requirement of 50 mA was met and exceeded, and
on April 9 the project goal of 400 mA was reached. By the end of April
the storage ring had exceeded its beam-current specifications, reach-
ing 407 mA in multibunch mode and 27 mA in single-bunch mode,
and we could routinely achieve 1.5-hour beam lifetimes at 100 mA.
Although a great deal of work remained in order to achieve a long-
lasting, low-emittance beam so that good service to users could be
provided, the essential performance requirements had been demon-
strated.

We made great strides in understanding the storage ring during this
initial period of operations. With no means of directly measuring
beam emittance, we relied on careful measurements of the Twiss
parameters to provide an estimate of emittance, which appeared to be

Beam current (mA)

0 | | | i | | ] | ]
Figure 1. ALS storage ring current 0 2 4 6 8 10 12 14 16 18 20
on the first day of beam . .
accumulation, March 16, 1993. Time (mm)
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QFA Current
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well within the predicted range. These measurements also enabled us

to:

e Correct chromaticity (i.e., chromatic aberrations in the focusing
effects of the quadrupole magnets).

e Correct the vertical orbit to within 0.5 mm rms of the nominal
path, having started with peak-to-peak variations of 12 mm.

e Establish that coupling between horizontal and vertical betatron
motion (i.e., horizontal and vertical beam oscillations) was less

than 1% (Figure 2).

In May the accelerator was shut down to permit installation of two
undulators and the front ends for the first five beamlines, and we took
this opportunity to prepare for the fall’'s commissioning activities. The
entire storage ring was baked (heated so that any remaining contami-
nants and adsorbed gases would be given off and pumped out) and
every critical component in the ring was surveyed and realigned.

The result is the magnets are now aligned within 100 um rms, 50 pm
better than the specification called for. Two important new diagnostic
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systems were installed during this period
as well. The first of these was a system of
transverse kickers for resonantly driving
betatron motions. The addition of these
kickers enabled us to measure the betatron
frequencies directly for the first time. The
second was the diagnostic beamline
designed to provide an image of the elec-
tron beam. Using data recorded by the
beamline, we will be able to derive beam
intensity profiles and measure the beam’s
cross-section.

Figure 2. The variation of horizontal and vertical
betatron frequencies as a function of the current
supplied to the QFA family of focusing quadrupole
magnets. The frequencies were measured through
Fourier analysis of turn-by-turn data collected by the 96
beam position monitors in the storage ring. The point
near the center of the graph where the two traces
nearly touch marks a “coupling resonance,” a frequency
at which energy is exchanged between the horizontal
and vertical betatron motions. The distance between
the two traces at this frequency provides a
measurement of coupling strength. Coupling is of
concern to both accelerator physicists and users
because it tends to increase the vertical emittance
(decreasing brightness).



Major Advances in
Performance

B ringing the accelerators back on-line took less than two hours
when operations resumed at the end of August: a testimonial to
(among other things) the accuracy and long-term stability of the
power supplies. After some beam conditioning of the vacuum system
and commissioning of the ancillary titanium sublimation pumps,
high-current running was reestablished. Within a few days we mea-
sured a beam lifetime of 12 hours at a current of 100 mA.

The hardware installed during the shutdown enabled us to determine
emittance more accurately than before and to measure beam stability
for the first time, and the results obtained in both areas were better
than predicted. In addition, we continued our efforts to refine the
storage ring’s performance, improving orbit correction and beam life-
times significantly. We also began implementing a strategy designed
to reduce the performance-limiting instabilities that were noted dur-
ing multibunch-mode operation. Several areas of progress are worthy
of mention:

Measuring beam emittance. The horizontal and vertical emittances were
measured using the pattern of undulator radiation in Beamline 7.0.
These measurements gave an upper limit of 5 nm rad for horizontal
emittance, very close to the theoretical value of 3.5 nm, and an upper
limit of 0.2 nm rad for vertical emittance. With these measurements in
hand, we were able to fine-tune the storage ring to optimize its per-
formance.

Measuring beam stability. Special photon-beam-position monitors were
developed that can sense undulator beam motion with 1-im sensitivity
in the hope of tracking electron beam motion with equal accuracy
(Figure 3). These monitors have not yet been fully commissioned, but
preliminary results are very encouraging because they indicate that
feedback systems may not be required to meet the extremely tight
tolerances for beam motion.

Correcting the beam’s orbit. A new closed-orbit correction algorithm,
based on the measured response functions of the corrector magnets,
made it possible to reduce orbital displacement to 0.3 mm rms in both
planes. Attempts to reduce this displacement further will be pursued
in 1994.

Improving beam lifetimes. By the end of the year, we had achieved an
extremely high level of reliability and performance. We were rou-
tinely able to fill the storage ring to a current of 400 mA, which
decayed to 150 mA over a period of 8 hours. One factor that helped
beam lifetimes was the improvement in vacuum base pressure to
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ALS-designed photon-beam-position monitor (PBPM).
In the center are two copper blades that project into
the path of the undulator photon beam. The
photoemission of electrons from the surfaces of the
blades provide signal currents to a detection system.
The difference in the signal current readings from the
two surfaces can be used to detect movement of the
beam path as small as 1 pm. Information from the
PBPMs can be used by a feedback system to adjust the
steering magnets in the storage ring to stabilize the
electron beam. The symmetry of the detector design
about the line of the beam ensures that the position
signal is insensitive to heating of the internal detector
components by the photon beam.

Figure 3. Data derived from two
PBPMs in Beamline 7.0 shortly
after they were commissioned
with no feedback stabilization
system operational. The graph

indicates clearly that there is an 100
acoustic beam jitter of

< 5 pm rms, as shown by the
thickness of the trace; that the
drift during each fill is about

20 um, and that there is a
periodic variation in beam
position. These measurements of
stability show that the ALS
without feedback is more stable
than the best of the other
modern storage rings by at least a
factor of 10. The periodic
variation, which has a time
constant of 40 minutes, has been 0

80—

vertical position (um)

observed on all PBPM; its source
is probably thermal and is under
investigation.
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levels in the range of 107° torr. This improvement resulted from the
bakeout of the entire storage ring over the summer shutdown and the
commissioning of powerful titanium sublimation pumps. Improve-
ments in the system that measures rf output also helped by giving the
operators the confidence to employ higher rf power levels, which
resulted in longer beam lifetimes.

Reducing multibunch-mode instability. As operations proceeded, we
detected very fast longitudinal beam oscillations during multibunch-
mode operation which cause significant increases in photon beam
sizes in the bend magnet beamlines. We are currently collaborating
with Stanford Linear Accelerator Center and Lawrence Berkeley
Laboratory’s Center for Beam Physics to design longitudinal kickers
to combat this motion. They are scheduled to be installed during the
May 1994 shutdown.

The fruits of this intensive work in commissioning the storage ring
and machine physics development were beginning to be seen at the
end of 1993. On October 4, the ALS delivered the first light to a user
experiment—the fluorescence microprobe on Beamline 10.3. Soon
thereafter, using a minute 0.5 mA of electron beam, the undulator
radiation was characterized on Beamline 7.0. These events marked the
start of the experimental program at the ALS, which presents many
new challenges for accelerator physics. For example, one issue we will
address early in 1994 is the “dance of the undulators.” As the gaps of
the undulators are opened or closed to tune the photon energies of the
beamlines, the variations in the residual dipole fields perturb the elec-
tron orbit. Correction of these kinds of behaviors will form the foun-
dation of the next level of investigations as we push toward the ulti-
mate performance of the ALS.
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[ BeamiLINE CONTROL SYSTEM

Instrument-
Control System

1993 meant the beamline control system received its first operational test,

which it passed with flying colors. This accomplishment represents an
outstanding level of effort by members of the ALS Control Systems and Electrical
Engineering Groups, who faced the task of developing and implementing a
system to cover a wide range of applications ranging from radiation safety to
user-directed control of beamline equipment.

I he commissioning of the first four ALS beamlines during the latter half of

The ALS beamlines control system consists of three subsystems: one for radia-
tion safety, the second for equipment protection, and the third for controlling
beamline mirrors, monochromators, and other instruments involved in perform-
ing experiments. Each of the subsystems constitutes a layer in the system’s
three-layer architecture. The radiation-safety system is at the bottom and has the
highest functional priority, the equipment-protection system is the middle layer
and has second priority, and the instrument-control system is at the top with the
lowest functional priority. All beamlines, whether built by the ALS or by partici-
pating research teams, will incorporate the radiation-safety subsystem design,
developed by the ALS Electrical Engineering Group. The beamlines built or
adapted by the ALS staff will also incorporate the equipment-protection and
instrument-control subsystem designs, although beamline developers from any
organization can opt to use these designs for their ALS beamlines.

The radiation safety system (RSS) is responsible for monitoring radiation levels,
initiating audible and visual alarms when radiation levels exceed predetermined
levels, and triggering interlocks to shut off the source of radiation if the radiation
reaches or exceeds preset levels (thus preventing exposure of personnel to
radiation). Each radiation monitor in the RSS system is fail-safe, and will immedi-
ate shut down the accelerator if the monitor malfunctions or loses power. The
equipment-protection system (EPS) protects beamline components from dam-
age caused by vacuum failure or excessive heating. Its primary function is to
close the appropriate isolation valve in the event of a vacuum fault downstream
from that valve, and close the photon shutter in the beamline’s front end to
protect the valve. Like the RSS, these EPS responses are automatic.

O f the three subsystems, the instrument-control system (ICS) is the

one with which beamline users interact firsthand. The ICS provides

interfaces for controlling a number of beamline functions, and provides a

wealth of status information concerning beamline instruments, the

undulator’s gap-control mechanisms, the electron beam, and the photon

beam. For example, the ICS enables the users of the ALS-designed undulator

Beamline 7.0 to:

e Control the undulator gap setting (including feedback on the status of
gap-change requests).

e Control the width of the horizontal beam defining aperture in the beam-
line front end.

e Control a horizontal knife-edge that can be used in conjunction with the
horizontal beam defining aperture to obtain beam profile measurements.
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* Set the vertical condensing mirror to a specific deflection angle and
scan the mirror through its entire deflection range.

* Rotate the monochromator grating to a particular position to obtain a
specific output wavelength, either with or without automatic reposition-
ing of the exit slit.

* Rotate the monochromator grating through its entire range, either
with or without simultaneous automatic repositioning of the exit slit.

* Control the exit slit’s position (independent of moving the grating).

* Control the deflection angles of the refocusing mirrors downstream
from the exit slit.

On other beamlines, the ICS may include controls for horizontal focusing
mirrors, movable monochromator entrance slits, and “diverter” mirrors
that direct the photon beam into any of two or more branch lines.

All of these functions are available to the user via menu-driven graphical-user-
interface (GUI) screens that are displayed on the UNIX-based workstations
adjacent to the beamlines. In addition, most of the same functions are avail-
able to endstation computers over a serial RS-232 link, allowing users to
employ almost any type of computer at their endstation. As noted above,
beamline developers have the option of implementing the control system of
their choice, including the ICS designed by the ALS control systems group.

Members of the ALS Controls Group test one of the applications they developed for beamline instrument
control.

—
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Insertion Devices—

Two U5 undulators like this one
(shown during and after

installation) were installed and

commissioned in 1993. They are
the world’s brightest sources of

soft x rays.
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Design Strategy
Proves Effective

in 1993, becoming the world’s brightest soft x-ray sources for

scientific research. The light from these undulators signaled the
dawn of a new generation of synchrotrons—optimized to produce
light from insertion devices generating radiation with dramatically
enhanced spectral properties.

I I 1 he first two ALS undulators were installed and commissioned

The ALS has specified the major parameters for six of the ten insertion
devices that the storage ring can accommodate. As mentioned above,
two of these devices (5-cm-period undulators) were installed during a
planned shutdown in May and were providing light to user experiments
by the end of the year. The remaining four consist of a 8-cm-period
undulator to be installed in June 1994, a 10-cm-period undulator, and
two wiggler insertion devices (See Table 2 and Figures 4 and 5).

The basic approach in designing the initial set of undulators was to
base mechanical and magnetic tolerances on spectral output
goals, and our magnetic measurements and subsequent photon beam
measurements have validated this approach. One of the most strin-
gent requirements for their performance was a degradation of no
more than 30% in the output of the fifth harmonic, thus setting the
maximum random magnetic field error requirements at 0.25% for the
5-cm-period undulators (USs) and 0.35% for the 8-cm-period undula-
tor (U8). Random errors are primarily due to the tolerances to which
the permanent-magnet blocks can be constructed, deviations from
ideal field structure, and tolerances to which the period structures can
be fabricated and assembled together. The actual random field error
values were measured to be 0.23% for the U5s and 0.20% for the US,
exceeding the design goals.

Our measurements did reveal one deviation from the desired perfor-
mance parameters. In January we measured the lateral nonuniformity
of integrated fields within the beam aperture to be higher than the
allowable value. However, by late February we were ready to install a
correction scheme that proved highly effective. Our solution was to
install transverse arrays of small permanent magnets at the ends of
each undulator, both above and below the midplane. The size, posi-
tion, and orientation of each of these trim magnets can be altered,
enabling us to correct both vertical and horizontal integrated field
errors by more than an order of magnitude. The solution to this
problem represented a significant advance in the design of insertion
devices, and the speed with which it was accomplished reflected the
engineering team’s committment to ensuring the quality of the
devices’ ultimate performance.
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Device Beamline Status Energy Period Number of Operating | Peak Effective
(at 1.5 GeV) Range Length Periods Gap Range Field Range
us 8.0 Operational | 130-1900 eV 5.0 cm 89 2.3-45cm 46-10T
Undulator
us 7.0 Operational | 130-1900 eV 5.0 cm 89 2.3-4.5cm 46-10T
Undulator!
usg Completed:
Undulator? 9.0 to be installed | 18-1200 eV 8.0 cm 55 2.5-8.3 cm 80-07T
in5/94
U10 Design and
Undulator® 12.0 construction 5-950 eV 10.0 cm 43 24-11.6 cm 98-05T
in progress
EW20 Design
Elliptical 11.0 in progress | 50 eV-10keV | 20.0 cm 14 6.4-1.4cm 0420T
Wiggler
W16 5.0 Design 5keV-13keV | 16.0cm 19 18.0-14 cm 03-20T
Wiggler in progress

11n 1995, we will install a vacuum chamber that will allow a minimum gap of 1.4 cm. This reduction in the minimum
gap will increase the maximum effective field strength to .85 T, extending the lower limit of the energy range to 50 eV.
2 To be moved to beamline 12.0 in 1995.

3To be moved to beamline 9.0 in 1995.

Table 2. ALS Insertion Devices for 1993-1996.

The rigorous commissioning process for the undulators also revealed
excellent mechanical performance. Dynamic tests of the undulator
drive systems revealed excellent uniformity of motion. In 500 random
moves of the magnetic structure gap, the varjation was no greater
than £ 5 um, which is excellent for a structure weighing nearly

25 tons. We also conducted tests on one of the USs to determine its
optimum taper (i.e., the variation in the gap along the length of the
device). Spectral measurements made while varying the taper of the
device showed that the optimum taper is less than 25 um from the
initial gap parallelism setting. This represents a variation of less than
1 part in 20,000 over the undulator’s 5-meter length. Also worthy of
mention is the performance of the vacuum chambers in the
undulators. With full current in the storage ring (400 mA), the
vacuum in these chambers routinely measures 2 x 1071? torr, a factor of
5 lower than required. The payoff for users is that they will have
substantially less Bremsstrahlung (unwanted high-energy radiation) at
their experimental stations than if we had merely met the original
requirements.
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Figure 4. Brightness as a function

of photon energy for the
insertion devices that will be
operational by the end of 1995.
The brightness values plotted
here reflect a 1.5-GeV, 400-mA
electron beam. The undulator
plots show the curves for the
first, third, and fifth harmonics.
Although the 20-cm-period
elliptical wiggler (EW20) is
capable of providing circularly
polarized photons, the curve
shown here indicates its
brightness when it is not doing
so (i.e., when its electro-
magnetically generated
horizontal field is switched off).
In this mode, the elliptical
wiggler behaves like a
conventional wiggler.
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Figure 5. Photon flux as a function of photon energy for the insertion devices that will be
operational by the end of 1995. The flux values plotted here are for a 1.5-GeV, 400-mA
electron beam with a horizontal aperture of + 2.5 mrad. The undulator plots show the
curves for the first, third, and fifth harmonics. Note that the elliptical wiggler (EW20) is
represented twice on this graph. The EW20 curve just below the W16 curve shows the flux
produced by the elliptical wiggler when the electromagnets that produce the horizontal
field are switched off. In this mode, EW20 behaves like a conventional wiggler. The lower
EW20 curve shows the circularly polarized flux produced by the elliptical wiggler when its
horizontal field is active (creating a circularly polarized photon beam) and when the
vertical and horizontal fields are set to optimize the unavoidable tradeoff between flux
and degree of circular polarization.
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Ongoing Efforts

evelopment of additional insertion devices proceeded while the

first undulators were being installed and commissioned. We
continued our magnetic measurement tests on the completed U8 and
initiated the design for a 10-cm-period undulator (U10) which will be
installed in mid-1995. Work was also started on a special small-gap
vacuum chamber for the Beamline 7.0 U5 undulator. After this
chamber is installed in early 1995, it will be possible to close the
undulator’s gap to a minimum of 1.4 cm. At this gap setting, the
maximum effective field strength will be increased to .85 T, extending
the device’s energy range to a lower limit of 50 eV.

Conceptual work also progressed on a 16-cm-period wiggler (W16)
for the proposed protein crystallography beamline, and an elliptical
wiggler designed to produce circularly polarized light. The W16
wiggler will be configured to provide radiation at the 1-A wavelength
which is ideal for macromolecular crystallography studies. The
elliptical wiggler (EW20) will have 14 periods, each 20 cm in length,
and will generate high-intensity radiation in the range of 50 eV to

13 keV. In this crossed-field device, the periodic vertical magnetic
field will be produced by the same sort of hybrid (permanent magnet-
vanadium permendur) structure used in the other ALS insertion
devices. At right angles to this hybrid structure will be an electromag-
netic structure that generates a periodic horizontal field oscillating at
up to 1 Hz. When installed in early 1996, EW20 will deliver on-axis
circularly polarized light whose chiral orientation (i.e., right/left-
handedness) changes with the oscillations in the horizontal field. We
are currently developing custom software that will enable us to
determine the spectral output of such crossed-field devices for calcu-
lated magnetic field values, with the goal of optimizing spectral
output with respect to various operating parameters.
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An end view of the general mechanical and magnetic structure of the elliptical wiggler being designed by the ALS.
The device will produce circularly polarized radiation in the photon energy range of 50 eV to 10,000 eV. The
horizontal magnetic structure is installed such that its peak field is 90° out of phase with the peak vertical field. In
contrast to bend-magnet beamlines which produce circularly polarized x rays, the ALS elliptical-wiggler beamline
will use the same optical elements and the identical optical path for the two polarizations, and will deliver higher
flux. It will be possible to alternate from right- to left-circularly polarized radiation at a rate of approximately 1 Hz.
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— Experimental Systems—

The optics challenges of the ALS have resulted in a series of
technological innovations, many of them made in close
collaboration with private industry. To date, the

R&D 100-winning Long Trace Surface Profiler has been able
to measure the surface slope error of optical components
to better than 1 prad rms. With the help of these
instruments, water-cooled metal optical components that
are at least as good as the best glass components have
been fabricated for the ALS. Surface microroughness
figures of 2 A rms—five times better than previously
achievable—have been obtained on 38-cm-long copper
alloy mirrors coated with electroless nickel.

L

An ALS-designed transmission
grating spectrometer was
temporarily installed in
Beamline 7.0 to characterize the
photon beams from the 5-cm-
period undulator.
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Spectrum of the 5-cm-period undulator taken by the transmission grating
spectrometer showing the fundamental and harmonics at a value of K = 0.45.

Characterizing
Undulator Light

instrumentation and optical components for the start of user

operations were a strong focus of ALS activity during 1993. A
large part of this effort was shared by the Experimental Systems
Group under the leadership of Howard Padmore, who concentrated
on the installation and commissioning of the ALS-designed beam-
lines, the design and fabrication of the optical components for the
beamlines, and the design and construction of a unique transmission
grating spectrometer to characterize the light delivered by the 5-cm-
period undulator installed in May. A few of the group’s many accom-
plishments are highlighted below.

T I 1 he design, fabrication, testing, and commissioning of beamline

'B eamline 7.0, scheduled for completion in January 1994, tempo-
rarily housed a special ALS-designed transmission grating spec-
trometer (TGS) in October to characterize the radiation from one of
the first two undulators installed in the storage ring (the 5-cm-undulator
in sector 7) and provide a confirmation of the undulator’s performance.
The spectrometer measures the absolute intensities and spectral
linewidths of the undulator harmonics as well as the angular distribution
of undulator radiation. The results of the measurements are then com-
pared with radiation calculations, which include the measured magnetic
field, emittance, and energy spread of the electron beam.

Measurements were performed at four undulator gaps for which the
undulator magnetic field had previously been measured. Since Beamline
7.0 uses the central cone of the 1st, 3rd, and 5th harmonics of undulator
radiation, the intensity and linewidth of these harmonics were used as a
test standard for undulator performance. Angular distributions were
measured showing the central
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cone and the red-shifted radia-
tion off axis, and the electron
beam emittance at low current
was determined from the angu-
3rd lar distribution of the red-

K=0.45 st

2nd m=2 shifted fundamental.

Data from the TGS validated the
theoretical predictions of the
undulator’s performance
derived from detailed magnetic-
field distribution measurements
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A (A) lator was installed. From the
angular distribution of the red-
shifted fundamental, the TGS
measurements showed the ALS
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Angular distribution of the U5 undulator fundamental at K = 0.45 as measured by the transmission grating spectrometer. (Left) If
the observation energy coincides with the energy of an odd undulator harmonic (395 eV), one observes a peak in intensity
directed along the axis of the electron beam passing through the undulator. (Right) If the observation energy is decreased

(374 eV), the emission cannot occur along the axis, but is distributed in a hollow cone of increasing angular width as the energy
is decreased. In this image the cone is shadowed by the blades on the beamline’s photon-beam-position monitor.

emittance at low current to be in agreement with its theoretical value.
Other measurements revealed that the first harmonic had a nearly ideal
lineshape, while the 5th harmonic was broadened by emittance and
energy spread as expected.

The TGS was removed in December when the undulator measurements
were complete, and the final components for Beamline 7.0 were installed
in preparation for the commissioning of the beamline in early 1994 (see
Beamlines 1994-1995 on page 48). Beamline 7.0 will be used for photo-
electron diffraction, fluorescence spectroscopy, and photoelectron
spectromicroscopy at photon energies from 80 eV to 1200 eV.

Design of O btaining an accurate image of the electron beam in the storage
Diagnostic Beamline ring presented a unique challenge for the ALS. Since the source
Provides a size given by the electron beam is extremely small, the ALS cannot
Challenge use visible light, as other synchrotron facilities have, to produce an
image of the electron beam in the storage ring as the diffraction lim-
ited source size would be too large. Instead it was necessary to
develop a new type of diagnostic beamline that would use shorter
wavelength soft x rays to image the electron beam.
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Path of the synchrotron light
through the optical components
of the ALS diagnostic beamline.

3.1 bend
magnet Vertical
source focusing

mirror

Innovations in
Optics and
Metrology

The ALS diagnostic beamline (Beamline 3.1) is essentially a high-reso-
lution x-ray imaging system that produces a 1:1 image of the bend
magnet source located in sector 3 of the storage ring. Within the
beamline, the x rays from the source are focused using two spherical
mirrors positioned in a Kirkpatrick-Baez configuration. The mirrors
direct the photon beam onto a single crystal scintillator screen where
the x rays are converted into a visible light image of the source. The
image is then focused onto a CCD camera by an ordinary microscope
where it can then be viewed on a television monitor or digitally cap-
tured on a computer using a frame grabber. Operating at almost unity
magnification, the optical system minimizes aberrations associated
with spherical optics.

Image data is transmitted to the ALS control room, where operators
can use it to optimize storage ring performance. Data from the beam-
line will be used by the ALS Accelerator Physics Group to study beam
stability, measure vertical and horizontal beam sizes, and derive mea-
surements of the emittance and coupling of the electron bunches in
the storage ring. The beamline also will enable the accelerator physi-
cists to study injection processes, as its special shielding allows it to be
operated while the storage ring is being filled. The beamline is being
commissioned and is not yet in routine operation.

Horizontal
focusing Microscope (20x)
mirror High resolution
CCD camera
% % é § >t
Carbon Scintillator
filter
window

The design and fabrication of optical components for ALS beam
lines present many challenges. The relay optics and monochroma-
tor components must achieve exceptionally tight tolerances to main-
tain the extreme brightness of the source through the beamline to the
experiment, with the high heat load from the undulator and wiggler
sources further complicating the design. To meet these challenges, the
ALS has systematically improved the technology of grazing incidence
optics in the critical areas of optical materials, fabrication, and metrology.

41




The ALS, working together with Rockwell International’s Rocketdyne
Division, has developed a new design and fabrication technique to
produce mirrors that can reflect a practically distortion-free image
under very high heat loads, thus preserving the brightness of the
light being reflected by the mirror. Water-cooling channels just
underneath the surface keep the mirror cool and stress-free despite
the extreme heat load on the surface caused by the intensity of the
x-ray beams hitting the surface.

The typical quality of optical components for use in this demanding field
had been sub-optimal for many years. Our requirements are stringent
(slope errors in the range of 1 pirad, for example), so optical metrology
plays a key role. To this end, the ALS project funded the construction of
two long-trace profilers based on a surface-profiling instrument devel-
oped at Brookhaven National Laboratory. One of them is operating in
the ALS Optical Metrology Laboratory, where it is housed ina
cleanroom to avoid contamination of optical surfaces. The other is in-
stalled at Rocketdyne Corporation, a private company with which we
have been cooperating to develop manufacturing techniques for water-
cooled metal beamline optics. The design team included scientists and
engineers from LBL, Brookhaven National Laboratory, Continental
Optical Corporation, Baker Engineering, and Tucson Optical Research
Corporation.

Another achievement of the ALS in the area of optics fabrication is the
development of a new monolithic design for an adaptive-radius x-ray
mirror. In earlier schemes, it had been common practice to use engi-
neered “benders” to bend flat mirrors to make cylindrical x-ray mirrors.
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Several clamps would be applied to the outside of the mirror, and
when these were tightened the mirror would change its shape
slightly. Unfortunately, such changes could not be controlled to the
extremely tight tolerances required for modern x-ray applications.

In the new design, the entire bending mechanism of mirror, clamps,
and motion devices is made from a single monolithic block of mate-
rial. The bending motion is thus achieved with a single mechanism
that includes both the mirror and the bender, and can be precisely
controlled. This new design results in lower manufacturing costs,
improved adjustability of the focusing process, and has the advantage
of being able to use existing precision polishing methods. In particular
the mirror can be prebent to a flat, polished as a flat, and then relaxed
into a planned shape—a process called “stress polishing.”

These and other developments have opened a new era in the avail-
ability of high-quality grazing-incidence optical elements for synchro-
tron radiation. The significance of these multiyear, cooperative efforts,
which benefit not only the ALS but our industrial partners and the syn-
chrotron radiation community in general, was recognized with the
Federal Laboratory Consortium'’s Technology Transfer Award in 1992.
This year the Long Trace Surface Profiler was further honored with the
R&D 100 award, given by the magazine Research and Development to
recognize the 100 most significant technical innovations of the year.
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[ BEAMLINE ENGINEERING

tion to the Beamline Engineering Group, an aggregation of mechanical

and electrical engineers, fabricators, and technicians formed to focus
engineering expertise on the design, construction, installation, and ongoing
support of ALS beamlines. Working closely with the personnel of the ALS Experi-
mental Systems Group, the Beamline Engineering Group has developed the
basic designs for ALS beamline front ends, beam-position monitors, mirrors, and
monochromators.

The dawning of first light in ALS beamlines came as a particular satisfac-

The success of this collaborative team is reflected in the performance of all the
beamline components they designed and constructed, but the magnitude of
their achievement can perhaps best be appreciated by examining one of the
more intricate components they fabricated for the ALS-designed undulator
beamline—the monochromator entrance slit. The basic goal for this beamline
was to deliver photons from the fundamental and the third and fifth harmonics
of the undulator with minimum losses and with a spectral resolving power of up
to 104, a daunting challenge! At maximum resolution, the photon beam will be
concentrated within a focal spot as small as 50 um x 50 pm on the sample.

The development of the design for the beamline’s spherical grating monochro-
mator entrance slit, which is subject to a very high peak power density from the
focused undulator source, provides a good look at the engineering group’s
teamwork approach. The performance parameters for the monochromator
meant that the width of the entrance slit had to be precisely controllable,
because the size of the entrance slit's opening is a critical determinant of the
spectral resolution achievable at the exit slit (i.e., how narrow the range of
wavelengths selected by the exit slit can be). An entrance slit width of 10 um is
optimal for most wavelengths, but an 8-um slit provides better resolution for a
narrow range of higher wavelengths. In addition, some users will want to open
the entrance slit as wide as 100 um, sacrificing optimal spectral resolution in
order to maximize photon flux.

Based on these requirements, the initial entrance slit specifications called for a
slit width that would be adjustable between a minimum of 5 um and a maxi-
mum of 200 um. A further requirement was that the two slit blades should
move as symmetrically as possible throughout their adjustment range. This
meant that two blades must move equal distances (within tight tolerances)
whenever adjusted, so that the slit’s horizontal center line remained stationary as
its width was changed. It was also critical to ensure that the slit blades would
remain parallel (again, within narrow limits) throughout their adjustment range,
so that the rectangular shape of the slit would not change.

To meet these stringent performance criteria, the engineering team designed
a flexure assembly that transfers the actuation forces to the slit blades, allow-
ing them to open and close. The two blades that actually define the slit
opening are mounted securely on the flexure assembly, which deflects as the
actuator is adjusted in or out. The resulting slit blade movement is almost
perfectly symmetrical and parallel. The group made heavy use of 2-D and
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3-D computer aided design (CAD) programs in the development of this
mechanism, as they did in the design of the entire entrance slit assembly.

The designers also made innovative use of finite element analysis (FEA), a
2-D computer modeling technique widely used for the analysis of large-
scale mechanical processes but not commonly applied to optical micro-
structures. The engineers employed FEA to obtain precise pictures of the
thermal loading on the slit blades and the flexure assembly under various
conditions. These analyses enabled them to optimize the heat transfer
characteristics of these components so that heat would be carried toward
the internal water-cooling channels on the opposite side of the assembly
from the sensitive actuator. The end result of all the design and develop-
ment work was a “state-of-the-art” entrance slit capable of meeting its
performance requirements under any foreseeable conditions.

The entrance slit is just one of several beamline components and instru-
ments designed and constructed by the ALS Beamline Engineering Group,
but is an excellent demonstration of the team’s high quality workmanship
and ability to develop innovative solutions to challenging problems. The
excellence of performance delivered by Beamline
7.0, a true triumph of engineering, will provide a
“living tribute” to the skills of the entire engineer-
ing team.

The design for the entrance slit for the Beamline 7.0
monochromator was one of the most demanding
engineering challenges faced by the Beamline Engineering
Group. The maximum power load of the photon beam on
the slit is nearly 100 watts, thus the flexure assembly had to
be designed to minimize thermal distortion of the slit
mechanism due to heating by the beam. The computer-
generated image shows the entrance slit flexure assembly,
and the photo shows the instrument during fabrication.
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[ FIrsT ResuLTs FROM USER BEAMLINES

Fluorescence
X-Ray
Microprobe

phosphor-painted target signaled the start of user experiments. The

target was placed in the experimental hutch of LBL's Center for X-Ray
Optics fluorescence x-ray microprobe beamline, giving it the distinction of being
the first operational beamline at the ALS. The beamline, which provides elemen-
tal analysis of a wide variety of samples in near-natural environments, is designed
to achieve a spatial resolution approaching 1 pm using multilayer-coated mirrors
in a Kirkpatrick-Baez configuration. Broad-band excitation of samples at photon
energies from 6 to 10 keV, as well as white-light excitation, is possible.

October 4 was an exciting day at the ALS as a bright orange glow from a

The Beamline 10.3 microprobe quantitatively detects elements by means of
the characteristic fluorescent x rays emitted by the irradiated sample. The
photon energy identifies the element and
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the intensity measures its quantity. At
present, the elemental sensitivity of the
microprobe reaches the femtogram
(1015 g) level for elements from potas-
sium to zinc in the periodic table. Scan-
ning the sample through the beam
generates a two-dimensional map of the
distributions of the detected elements. A
major advantage of the x-ray microprobe
is that the specimen does not have to be
kept in vacuum or subjected to special
contrast-enhancing preparation. The
microprobe beamline participating
research team (PRT) consists of members
of LBL’s Materials Sciences, Applied
Sciences, Earth Sciences and Engineering

Spatial distribution of titanium in a silicon carbide ceramic from the Sciences divisions, as well as scientists
fluorescence microprobe beamline (Beamline 10.3). Small particles of from QOak Ridge National Laboratory and
titanium diboride about 5 pm in diameter can be added to silicon carbide
ceramics to improve their mechanical properties, which depend on the
uniformity of the distribution of the additive. This scanning x-ray
microprobe image indicates that some of the additive has agglomerated Some of the first microprobe experiments
into larger particles in this silicon carbide sample.

Lawrence Livermore National Laboratory.

focused on the widely studied propensity
of high-strength ceramics to fracture
comparatively easily; that is, to be brittle.
Defects and cracks are key elements in any mechanism for fracture, and the
beamline research group plans to investigate these defects in a variety of
ceramic materials of technological interest. Since the elements in the materials
have low atomic numbers and K absorption edges below 5 keV, the micro-
probe is well matched to their study. Additional applications of the micro-
probe occur in materials science (distribution of doping materials in semicon-
ductors), geology (composition of inclusions in geological materials), and
environmental science (profiles of pollutants).
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Soft X-Ray
Fluorescence

Undulator
radiation Fluorescent
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on December 10 as the first undulator light reached one of their experi

mental endstations. Experiments with zero-order light began on the
same day and continued through the end of the year, achieving extremely
good results during this initial operating period.

T he research teams associated with Beamline 8.0 had much to celebrate

The collaborative team of researchers associated with this ALS undulator
beamline come from a broad range of scientific backgrounds; including
private industry (IBM), government (LBL, Lawrence Livermore National Labo-
ratory, Oak Ridge National Laboratory, National Institute of Standards and
Technology), and academia (University of Tennessee and Tulane University).
The team’s scientific interests lie in the synthesis and characterization of novel
surface, interfacial, and material systems. The physics and chemistry of these
systems are intrinsically unique due to their two-dimensional and/or muiti-
elemental character, and as a class represent the next great frontier in the
context of microelectronics and high technology.

Initial experiments on Beamline 8.0 emphasized soft x-ray fluorescence (SXF)
spectroscopy. In SXF studies, soft x-ray photons are used to excite a selected
core level of one element in a complex solid. The radiative emission spectra
produced by transitions from filled valence states to the empty core are then
measured by a high efficiency soft-x-ray emission spectrometer to obtain
information about the density of states of the valence or bonding electrons.
Elemental and angular momentum selectivity coupled
with the deep probing character of SXF make fluores-
cence particularly useful for studies of chemical bond-
ing in complex materials containing several elements,

11\ 5 ; geel}lg;gon B(15) - p* and SXF is a unique tool for the study of the electronic

<3 A Boron properties of minor constituents and impurities in solids
1600 nitride and for buried interfaces and structures. These proper-
. Undulator  ties were illustrated by one of the first SXF experiments
1200 - Si wafer 193 eV done on the beamline in which boron K spectra from a
g ] single monolayer of boron nitride buried beneath a
2 200 Boron K thick carbon overlayer were obtained by tuning the
v oGy mission excitation energy. The intensity of the signal from the
1210V 35‘5&"55, monolayer suggests that this technique is sensitive to a
400—%%%?}% number of atoms that would be equivalent to substan-

tially less than a monolayer.

0t

] 1 I
175 180 185

190 195 In 1994, the Tennessee/Tulane research team will

Fluorescent Photon Energy (eV) pursue a variety of studies related to threshold phenom-

These two spectra, taken in 30 minutes each on Beamline 8.0,

ena and to the electronic properties of low concentra-

represent fluorescence from a single monolayer of boron tion ‘elements. in Compl'ex solids, a':‘d. the IBM/Li.Vermore
nitride buried under 50 A of carbon. The undulator x rays have contingent will use their photoemission endstation to
been tuned to two different energies to differentiate among probe surface systems of relevance to the semiconduc-

possible geometries for the boron nitride layer. The sharp peak
in the 193 eV spectrum shows the presence of n-bonding in

the monolayer.

tor industry.
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ALS Beamlines for 1994-1995

Beamline Source Research Energy Range Avail.

31 Bend magnet Diagnostic beamline 200 eV 1994

6.1 Bend magnet High-resolution zone-plate 250-600 eV 1994
microscopy

6.3 Bend magnet Metrology and standards 504000 eV 1994

7.0 US undulator Surfaces and materials, 70-1200 eV Now
spectromicroscopy

8.0 U5 undulator Surfaces and materials 70-1200 eV Now

9.0.1 U8 undulator! Atomic physics and chemistry ~ 20-300 eV 1994

9.02 U8 undulator! Chemical dynamics 5-30 eV 1994/95

9.3.1 Bend magnet Atomic and materials science 700 eV-6keV 1994

932 Bend magnet Chemical and materials science  50-1500 eV 1994

103 Bend magnet Materials science and advanced 3-12 keV Now
microprobe instrumentation

11.0 EW20 elliptical wiggler Materials science and biology, = 50 eV-10keV ~ 1995/96
magnetic materials

12.0 U8 undulator EUV projection lithography, 60-320 eV 1995

'Will change to U10 in 1995

optics development
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Beamline 6.1

Beamline 6.3

B end magnet beamline 6.1 will be dedicated to high-resolution
microscopy. The beamline’s x-ray microscope will operate in
transmission, providing information about material within a sample,
not just on its surface; and will achieve a spatial resolution in the
300-500 A range when planned improvements are in place. Researchers
will be able to analyze samples with thicknesses on the order of 1 to

10 pm, making it an ideal complement to optical and electron micro-
scopes. In addition, state-of-the-art visible light microscopy will be inte-
grated into the beamline, providing experimenters the unique ability to
switch back and forth between visible-light and x-ray microscopy

The scientific program will include studies ranging from materials
science to biology. The use of a zone-plate interferometer within the
microscope will make it possible to measure certain materials proper-
ties such as microscopic optical scattering factors for the first time. The
initial biological program will include studies of the higher-order
packing of chromatin, and how malaria-causing parasites affect the
structure of red blood cells. An important aspect of the biological
experiments will be analysis of contrast mechanisms, preparation
techniques, and methods of mitigating the effects of radiation.

B eamline 6.3 will provide highly accurate metrology for the devel-
opment of x-ray optical components, particularly in support of the
emerging field of soft x-ray projection lithography. This bend-magnet
beamline will have two branchlines, one operating in the 50-700 eV range
and the other in the 5004000 eV range. Within its respective energy
range, each branchline will be able to measure the following parameters:

e The reflectance of simple mirrors and multilayer reflectors at all
angles of incidence.

e The bidirectional reflectance distribution function.

¢ The efficiency of diffractive optical elements (e.g., reflection or
transmission gratings, zone plates, and crystals).

o The transmission provided by thin-film filters or multilayer beam
splitters.

e The polarizing effects of devices designed to modify the polariza-
tion properties of a beam.

e The efficiency of electronic detectors, photographic films, and resists.

e Optical constants in the x-ray and extreme ultraviolet (EUV) regions.

In addition, the high throughput, high spectral resolving power, small
spot size, and small angular divergence of this beamline will make it
possible to perform fundamental experiments in surface and interface
physics and chemistry. These areas are of particular importance to our
understanding of how x-ray optical devices operate. Additional
endstations are planned for photoelectron and x-ray fluorescence spec-
troscopy involving thin films.
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Beamline 7.0 B eamline 7.0 is a 5-cm-period undulator multibranch beamline

Beamline 9.0.1

dedicated principally to spectromicroscopy, which combines the
techniques of spectroscopy and microscopy. As a result, experi-
menters can obtain detailed chemical-state information provided by
high-energy-resolution spectroscopy while enjoying the high lateral
spatial resolution (from 200 A to a few microns) made possible by
advanced x-ray and electron optics. Researchers will be able to use this
beamline to do kinetic studies of surface reactions or to perform photo-
electron holography, which provides a 3-D real-space image of the atoms
adjacent to an electron emitter.

The endstations for the beamline are currently being developed, but the
configuration when complete (early 1995) is slated to include the follow-
ing:

* Microfocus I (already operational), a small-spot ESCA endstation
providing very high spectral resolution.

* Microfocus II, devoted primarily to soft-x-ray fluorescence.

* Nanofocus I, a soft-x-ray microscopy endstation allowing research-
ers to do scanning photoemission microscopy of samples at UHV
pressures and scanning transmission X-ray microscopy of samples
at atmospheric pressure.

l “ ndulator beamline 9.0.1 will be dedicated to spectroscopic
studies of atoms and simple molecules and laser-excited atomic
and ionic targets. Major research initiatives will include:

* The study of electron correlation by means of photoelectron coinci-
dence spectroscopy, high-resolution photoelectron spectroscopy,
and angle-resolved threshold-time-of-flight photoelectron spectro-
scopy.

* The core excitation of specific carbon K-edge features in small
molecules and the analysis of specific decay products by time-of-
flight mass spectrometry.

* The study of highly excited molecules by the use of absorption,
photoionization, and photoelectron spectroscopy. Specifically,
these techniques will be applied to the core levels of free and
adsorbed molecules to determine how the adsorption process
changes geometry, bond length, and electronic structure.

* The use of fluorescence detection to increase the spectral resolution of
photoionization spectroscopy beyond the level readily obtainable
using electron detection.

Beamline 9.0.1 will utilize light from an 8-cm-period undulator when
it begins operations in 1994. During 1995, a 10-cm-period undulator
will be installed in place of the 8-cm-period device.



Beamline 9.0.2

Beamline 9.3.1

his undulator beamline will have two endstations. In one of them,

a high-intensity (101% photons/sec), low-resolution (2.5%) raw
undulator beam will be focused to a spot measuring approximately
100 pum. This enormous flux, 103 to 104 times higher than most con-
ventional VUV beamlines, will enable a new generation of experi-
ments. The endstation will be used for selective photoionization and
product detection in primary photodissociation and chemical reaction
dynamics studies. The small spot obtainable from ALS undulator
light is expected to improve the mass and energy resolution of ion
and electron detection in the proposed experiments.

The other endstation will be equipped with a 6.65-m normal-inci-
dence monochromator with a resolving power of over 100,000, the
highest resolution of any scanning monochromator in the world in its
spectral region. This endstation will also be equipped with a state-of-
the-art photoion photoelectron spectrometer for studies involving the
spectroscopy, thermochemistry, and dynamics of radicals and ions. In
addition, standard lasers and specially fabricated high-resolution
infrared and ultraviolet lasers will be employed in pump-probe and
state-to-state dynamics experiments involving both endstations.

Like beamline 9.0.1, this beamline will initially utilize beams from an
8-cm-period undulator, which will be replaced by a 10-cm-period
undulator in 1995.

his bend-magnet beamline will be equipped with a double-crystal
monochromator that will provide a photon-energy range from
700 eV to 6 keV. The scientific program will cover a wide range of areas
using high-resolution spectroscopy to study the core-level processes in
atoms, molecules, ions, and condensed matter. Specific research topics
will include:

e Molecular-orbital symmetry and molecular geometry and orienta-
tion. These phenomena will be studied through the examination of
polarization and angular distribution in x-ray emission spectros-
copy experiments.

e The photoionization of atoms and molecules, which will be stud-
ied by means of photoelectron spectroscopy.

e The complex decay patterns associated with core-hole production
by x-ray absorption, which will be analyzed through the use of
ion-yield spectroscopy.
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Beamline 9.3.2

Beamline 11.0

* Enzymes that contain metals in very low concentrations
(i.e., 100 ppm or less). The extended x-ray absorption fine structure
(EXAFS) approach will be applied to the investigation of such
metalloproteins. In addition, time-resolved “flow-pump-probe”
x-ray absorption spectroscopy will be used to monitor photo-
chemical reactions initiated by a laser.

Beamline 9.3.1 will also be used to develop advanced diffraction
elements with multilayer coatings for use in x-ray optics.

B end magnet beamline 9.3.2 is equipped with a state-of-the-art
endstation employing advanced multichannel electron detection
and the normal tools of UHV based surface science. It is equipped
with a monochromator that supplies photons over an energy range of
50 to 1500 eV, with a resolving power of up to 10,000 for a variety of
experiments that use photon and electron spectroscopy.

The research program focuses on a wide range of problems in chemis-
try and materials science, including;:

* High-energy chemical physics. Areas of particular interest include
the threshold photoionization of free molecules, with special
attention to electron correlation and vibrational fine structure;
surface structure, especially surface-atom relaxation on clean
surfaces and the identification of structures containing identical
atoms in varying chemical environments; and photoionization
shape resonances in condensed matter.

* Interfaces and nanostructures in the surfaces of technologically
critical metals and semiconductors. This research focuses on
electronic, atomic, and magnetic structures in such surfaces and
the growth of nanostructures and microclusters on them.

* Interactions between solvated ions and metal surfaces. The focus in
this area is on studying the water solvation shell around adsorbed
atoms and changes in the positions of metal atoms around ion sites.

* The adsorption of molecules onto surfaces. Phenomena to be
investigated include interatomic distances, molecular orientations,
and the electronic structure of reaction intermediates on transition-
metal surfaces.

This beamline will be equipped with a 20 cm-period elliptical
wiggler, which will produce beams of circularly polarized x rays
in the energy range between 50 eV and 10,000 eV. The beamline will
also have both grating and crystal monochromators to provide high
spectral resolution over this wide energy range.



Beamline 12.0

Applications utilizing circular polarization range from fundamental
measurements of circular dichroism in atomic and molecular physics to
applied studies in materials and biological science. In particular, the use of
circularly polarized radiation will make it possible to apply new tech-
niques designed to probe the spin state of matter. These new techniques
include:

e X-ray magnetic circular dichroism in absorption, using both the
near-edge region for electronic information (the NEXAFS approach)
and the higher-energy region for structural information (the EXAFS
approach).

¢ Polarization-dependent x-ray scattering.

e Circular dichroism in soft x-ray photoemission.

¢ Spin dependent imaging.

One focus of study will be the spin states of metal centers in metallo-
proteins and metalloenzymes. In addition, the spin information obtained
from circular dichroism techniques will be used in experiments designed
to determine magnetic order. The yield of photoelectrons can be imaged
using a simple electrostatic electron microscope, and the difference in
yield using right- and left-circularly polarized radiation can be used to
form a map of a surface, revealing magnetic order.

The primary branchline on undulator beamline 12.0 will be dedi-
cated to developing the metrological capabilities required to
support the evolution of extreme-ultraviolet (EUV) projection lithog-
raphy as the technology of choice for semiconductor manufacturing.
Ultimately, the hope is to provide the technology for measuring the
surface figures of individual reflective optical elements and the
wavefronts of assembled systems accurately enough to make EUV
projection lithography commercially viable.

Because such optical elements will have multilayered reflection
coatings that are angle- and wavelength-sensitive, their surfaces must
be tested at the wavelength of operation. Partially coherent undulator
radiation with wavelengths between 40 A and 200 A will make such
characterization possible. A critical facet of this program will be the
development of EUV interferometry, which requires spatially coher-
ent radiation at the coating wavelength.

Two additional branchlines for ancillary research are planned. One of
these will be dedicated to the development of new applications of
interferometry to x-ray optics. The other will allow the rapid assembly
and evaluation of coherent-optics experiments, such as the study of
the effects of long-term soft x-ray exposure on multilayer mirrors.

53



Special Events—

Advanced
Light

Source
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ADVANCED LIGHT SOURCE

DEDICATION CEREMONY
Friday, October 22, 1993, at 11 a.m.

Lawrence Berkeley Laboratory
Berkeley, California

The Advanced Light Source produces bright beams of x-ray and
ultraviolet light that outshine any in the world. Designated by
the U.S. Department of Energy as a national user facility, the ALS
will serve researchers in a broad range of scientific fields.
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Watching former LBL Director
Dave Shirley cut the ribbon at
the ALS dedication ceremony

were (from left) Jay Marx, Don
Pearman, Martha Krebs, Gayle
Wilson, Brian Kincaid, Charles

Shank, and Hermann Grunder.



A LS rilliance was in abundance as supporters of the Advanced
Light Source from around the world gathered at the official

C e l e b rda te S dedication ceremony on October 22. Bright sunlight and the
crowd’s beaming faces added plenty of sparkle to the grand opening

G ra nd celebration.

O p e n | n g Government officials, scientific leaders, and newspaper and television
reporters joined hundreds of LBL staff members to attend the ribbon-
cutting ceremony marking the official opening of the $150 million
state-of-the-art facility. The event was honored by the attendance of
Gayle Wilson, wife of California Governor Pete Wilson, who, as
former U.S. Senator, helped procure funding for ALS construction.

LBL Director Charles Shank opened the festivities by describing the
dedication ceremony as both an end and a beginning: “We have
finished the construction project on time and on budget and we are
now beginning the scientific program which will be the ultimate
measure of our success. Today we celebrate the truly extraordinary
accomplishments of everyone who made this project succeed.”

Shank called special attention to six individuals who were critically
important to the project’s success: Jay Marx, Dave Attwood, Ron
Yourd, Alan Jackson, Klaus Halbach, and Klaus Berkner. “Without
Jay Marx’s initial leadership, this project would not be the success it is
today. Our laboratory takes special pleasure and pride in his unique
talents. Dave Attwood kept the ALS
flame burning in the scientific commu-
nity. Ron Yourd displayed remarkable
project management skills. Alan Jackson
led an international accelerator team
that designed an ALS that worked the
first time. Klaus Halbach gave enormous
creativity and spiritual leadership. And
finally, Klaus Berkner drove the techni-
cal design and formed the organization
that brought the Light Source to frui-
tion.”

Don Pearman, manager of DOE’s San Francisco
Operations Office, reads a message from Energy
Secretary Hazel O’Leary expressing her
appreciation to the ALS staff for a job well done.
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ALS Team
Shares Credit

Second to speak was Dave Shirley, former director of LBL and now
senior vice president for research and dean of the graduate school at
Penn State. Often referred to as the “father of the ALS,” Shirley
explained how the concept for the ALS developed in early 1982. “The
scientific case for a third generation light source seemed so compel-
ling that we couldn’t resist going ahead. We were, as the phrase goes,
running a little out in front of our headlights. But, before long, the
idea pulled together and has been rapidly moving forward ever
since.”

Shirley concluded by speculating on what the future has in store for
the ALS. “I think that when people look back from the perspective of
the 25th anniversary of this dedication, they will see experiments
done that we couldn’t imagine today in a variety of fields. I think we
will see nanostructures, micromachining, and many other new fields
opening up that we can only dream of. So for me, this is the culmina-
tion and the realization of what was once referred to by Dave
Attwood as the impossible dream.”

L BL Associate Director Martha Krebs took the podium as it

was officially announced that she was President Clinton’s nomi-
nee for the director of DOE's Office of Energy Research. She pointed
out that one of the greatest challenges she will face in going to Wash-
ington is “to try to convey what institutions like LBL, and the other
national laboratories, can bring to the performance of science—that
we have something very special.”

A very entertaining talk was given by Hermann Grunder, who now
directs the Continuous Electron Beam Accelerator Facility in Newport
News, Virginia. Grunder was the head of LBL’s Accelerator and
Fusion Research Division when the ALS was first proposed and
played a major role in bringing the ALS to LBL. He described Berkeley
as the place where big science was invented (a reference to E. O.
Lawrence’s 184-inch Cyclotron on the present site of the ALS) and a
place where it still happens.

Brian Kincaid, director of the ALS, thanked members of LBL, the
DOE, and the scientific community for their extraordinary work to
make the project a success. “We have a very special team at the ALS
and the work that has been done here is absolutely amazing to me.
You can’t go out and buy one of these things—you have to have a
group of people who are willing to take responsibility to do it.” He
concluded by thanking Jay Marx for his exceptional leadership as ALS
Director from 1987 until 1992.



DOE Offers hank introduced the next speaker, Don Pearman, as one of the
Congratulations best friends that LBL has. Pearman is manager of DOE’s San

Francisco Operations Office and acting associate deputy secretary for
Field Management. He described the ALS as “a shining example of
Energy Secretary O'Leary’s vision for accelerating the technology of
partnerships into every one of the missions of the department. The
fact that the ALS works, and was completed on time and within
budget is a magnificent testament to the fact that total quality man-
agement really is alive and well at LBL and in DOE.” Pearman read a
personal note from Secretary O’Leary who was unable to attend the
Dedication: “I want to express my appreciation to the ALS team for a
job well done. This facility will make an important contribution to
providing the scientific and technical foundation for a more produc-
tive and competitive economy and more efficient use of energy. We
can all be proud to declare the ALS open for business.”

The ceremony ended on a high note with the presentation of DOE
Distinguished Associate Awards to Jay Marx and Brian Kincaid for
their outstanding contributions to the ALS project. Iran Thomas,
director of the DOE Materials Science Division, thanked Marx for his
exceptional leadership of the ALS team during project design and
construction, and complemented Kincaid for his outstanding contri-
bution as project director
during commissioning
and initial operation.

Hundreds of people gathered to celebrate the grand opening of the ALS at the official
dedication ceremony.
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A LS U sers / he opportunity to see the first experimental results from

. . ALS beamlines attracted a record number of persons to the
A SSocia t[ on Advanced Light Source Users’ Association Annual Meeting
. held on October 21 and 22, 1993. For most of the 220 attendees, this

M eetl N g was the first chance to see the ALS in operation and view the initial
set of beamlines on the experimental floor. The meeting program
focused on the scientific opportunities offered by the ALS’ ability to
produce the world’s brightest beams of ultraviolet and soft X-ray
synchrotron radiation. A special highlight was the chance to partici-
pate in the ALS dedication ceremony.

Banquet speaker Albert Baez signs a poster held by Al Thompson
commemorating the first light delivered to the Center for X-Ray
Optics microprobe beamline.
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Organized by Users’ Executive Committee
Chair Dave Ederer (Tulane University), the
program began with a welcome by LBL
Director Charles Shank. Shank encouraged
everyone to join LBL in the challenge of
creating a world-class scientific program at
the ALS that would fully exploit its capa-
bilities.

Following Shank’s remarks, ALS Director
Brian Kincaid gave an account of the
facility’s progress during the past year and
outlined plans for the first year of opera-
tions. After a highly successful accelerator
commissioning run in the spring, the ALS
focused its efforts on installing the beam-
lines and instrumentation for the first
phase of operations. Kincaid reported that
three of the initial set of five beamlines
were already operational: the x-ray micro-
probe bending-magnet beamline, an
undulator beamline, and the diagnostic
beamline. He concluded by thanking
everyone involved for their contributions
to the remarkable success of the ALS.



Results from
First Beamlines

Dave Shirley (Pennsylvania State University), who was LBL’s
director when the ALS was conceived, noted with satisfaction that the
completion of the facility brought the scientific community to the
threshold of a dramatic new opportunity. He emphasized the impor-
tance of developing experimental apparatus, particularly high-perfor-
mance detectors, that can take full advantage of the qualities of the
ALS light. Next Neville Smith (AT&T Bell Laboratories) discussed his
role as head of the ALS Program Review Panel. The Panel, whose
membership provides a balanced representation of the major scientific
and engineering disciplines covered by the ALS, gives advice on the
disposition of proposals for the development and use of ALS experi-
mental facilities.

The last speaker of the morning was Glen Dahlbacka from LBL’s Tech-
nology Transfer Department who spoke about industrial opportunities
at the ALS. He discussed two proposals currently under consideration of
interest to industry: an x-ray crystallography beamline and a micro-
fabrication facility. The crystallography beamline would form the heart
of a user facility for protein study to assist industry in the areas of ratio-
nal pharmaceutical design and development of new commercial cata-
lysts. The proposed microfabrication facility would use deep x-ray
lithography for the production of micromachines such as precision gears
for watches, accelerometers for use in automobile airbags, and miniature
instruments for microsurgery.

oward Padmore, ALS Experimental Systems Group Leader,
talked about the first experimental results from the operational
beamlines along with plans for future beamlines. He showed an
image of the beam taken from the CCD detector at the end of the
diagnostic beamline and a spectrum obtained with the transmission
grating spectrometer being used to measure the light from the
recently operational 5-cm-period undulator.

Fred Schlachter, ALS User Liaison Group Leader, described the efforts
of the ALS to develop new research opportunities and to provide an
efficient working environment for users. To complete the overview of
user issues, acting ALS EH&S Program Manager Georgeanna Perdue
gave a short talk describing her role in making the ALS a safety-
conscious facility and outlining the training requirements for ALS

users.
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Richard White (University of California at Berkeley) spoke on the
research being done by the Berkeley Sensor and Actuator Center (BSAC)
to develop a science and engineering base for microsensors,
microactuators, mechanical microstructures, and microdynamic systems.
White pointed out that the ability to make much thicker micromachines
by using the light of the ALS offers
many advantages, such as an
increase in volume which provides
more mass and strength, and the
possibility of using alternative
materials and fabrication methods.

Albert Thompson (LBL Center for
X-Ray Optics) finished the day’s
program with an exciting report
about the results from the x-ray
fluorescence microprobe, the first
beamline at the ALS. Thompson
pointed out a few of the many
advantages of the microprobe,
such as small spot size (1 um by
1 um) and femtogram elemental
sensitivity. The talk included

Part of the research team for Beamline 7.0 gather at the popular Chinese several examples of how the
banquet on Thursday evening. Pictured are (left to right): Tony Warwick, Piero microprobe will be used for

Pianetta, Marjorie Olmstead, Jeffrey Bokor, Jim Tobin, Brian Tonner, and Harald

Ade.
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research in materials sciences.
Among these were investigating
how trace elements are distrib-
uted in ceramics, mapping the composition of fluid inclusions in
quartz samples for geological studies, and elemental analysis of
ancient documents.

That evening, the conference banquet featured a special talk by
Albert Baez on the early days of x-ray optics. In 1948, Kirkpatrick and
Baez devised an imaging system to eliminate the astigmatism of a
single mirror used at glancing incidence. The mirror scheme turned
out to be very useful in many x-ray optics applications. In fact, many
modern beamlines including the microprobe and diagnostic ALS
beamlines employ configurations that are similar to the Kirkpatrick-
Baez scheme.



Spotlight on
Spectroscopy

The second day began with a session devoted to spectroscopy

in the soft x-ray spectral region served by the ALS. Gerhard
Materlik (Hamburger Synchrotronstrahlungslabor) described experi-
ments using x-ray standing waves in the soft x-ray region. He noted
several advantages of using soft x rays, including accessibility of
atoms with low atomic numbers and the possibility of using several
probes in addition to the conventional fluorescence.

Giinter Kaind] (Freie Universitit Berlin) presented an overview of high-
resolution spectroscopy experiments using the SX-700 II plane-grating
monochromator, which has demonstrated a resolving power of up to
16,000 at a photon energy of 65 eV. Joseph Nordgren (Uppsala Univer-
sity) ended the morning session with a discussion of soft x-ray emission
spectroscopy. In providing information about unfilled states, soft x-ray
emission provides information complementary to that from
photoabsorption and photoemission.

Paolo Carra (European Synchrotron Radiation Facility) began the
afternoon talks with a discussion of the theoretical aspects of mag-
netic circular dichroism (MCD) and linear dichroism. Steven Cramer
(University of California at Davis) described biological applications of
soft x-ray and MCD spectroscopy. He noted the elliptical wiggler
being designed and constructed by the ALS could increase by a few
orders of magnitude the flux of polarized light relative to that from
bend magnet beamlines.

The final speaker, Yuan Lee (University of California at Berkeley),
discussed plans for a chemical dynamics 8-cm-period undulator
branchline for research on primary photodissociation and photoion-
ization processes. The branchline has two primary end stations, one
using white undulator light and the other using monochromatized
radiation. The experimental end stations will be a complex system
using pump-and-probe techniques with high power lasers and
crossed molecular beams.
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Elliptical
Wiggler
Workshop

pproximately 40 scientists and engineers gathered at the ALS

on April 19 to discuss the production and use of elliptically

polarized radiation. The objective was to exchange views on
the scientific and technical cases for the 20-cm-period elliptical wig-
gler that is presently being designed at the ALS (see Insertion Devices
on page 32). An additional purpose of the meeting, chaired by Phil
Heimann and Fred Schlachter of the ALS, was to discuss an eventual
second insertion device to produce elliptically polarized radiation at
the ALS, such as a crossed undulator.

Elliptically polarized vacuum-ultraviolet (VUV) and x-ray radiation is
of considerable interest as a tool for probing matter. There are many
areas of application such as materials and surface sciences, atomic and
molecular physics, chemistry, and biological science. Possible benefits
to industry include a better understanding of the characteristics of
magnetic materials, and the development of new materials with
greatly increased magnetic storage capacities.

Several workshop participants gave brief scientific presentations
describing experiments that would take advantage of elliptically
polarized light produced by an elliptical wiggler. The proposals
covered a variety of scientific disciplines and demonstrated a high
level of interest in elliptically polarized photons over a broad energy
range. Some of the applications discussed were circular dichroism
and magnetic circular dichroism effects as manifested in x-ray absorp-
tion; photoelectron emission and diffraction; and x-ray fluorescence
from a wide range of systems including gas-phase specimens, biologi-
cal molecules, adsorbates, and magnetic materials. For magnetic
materials, these measurements include the element-specific imaging
of individual structures in magnetic storage devices, as well as studies
of dilute or weak magnetic systems, multilayer and low-dimensional
magnetic structures, high-temperature superconductors, element-
specific magnetic phase transitions, and so-called “complete” experi-
ments in which all physical variables, including the direction and spin
of the outgoing photoelectrons, are measured.

Talks by ALS scientists included an overview of insertion devices for
elliptical polarization, the performance of an elliptical wiggler and
crossed undulator, the hybrid-electromagnet elliptical wiggler design
at the ALS, and possible designs for associated beamlines. A report of
the workshop is available from the ALS upon request.



Soft X-Ray
Interferometry
Workshop

ometry on June 25 to discuss its proposed technical design for

a Fourier-transform spectrometer (FTS). Chaired by ALS
scientists Malcolm Howells and Zahid Hussain, the meeting invited
discussion of different design strategies for the instrument’s
components, detection methods, signal processing issues, and ways
of meeting the manufacturing tolerances that are necessary for the
instrument to achieve the desired levels of performance.

I I 1he ALS hosted an informal workshop on soft x-ray interfer-

There are a number of problems in the physics of atoms and small
molecules that challenge the resolution of the diffraction grating
spectrometers that are traditionally used for VUV and soft x-ray
experiments at synchrotron radiation facilities. The limit of current
technology is a resolution of about 0.003-0.01 A, which is easier to get
with a spectrograph than with a scanning monochromator. This
translates into a resolving power of 20,000-60,000 at 60 eV for ex-
ample.

The ALS is designing a soft x-ray FTS with a resolving power target of
500,000 at 60 eV. Fourier-transform spectrometers, successfully used
in the infrared and the ultraviolet regions, utilize a two-beam interfer-
ometer to measure the Fourier transform of the desired spectrum. The
ALS is attempting to extend the FTS technology into the soft x-ray
region up to 100 eV. This will allow the principle of FTS to be applied
to soft x-ray photoabsorption experiments with the goal of obtaining
much higher resolution than is possible with a grating. For example,
the ALS soft x-ray FTS system should allow the discovery of many
new and extremely narrow resonances, now accessible only by
theory, and to measure true line-shape parameters. This is directed
principally toward studies of helium atoms in the region of their
double ionization threshold (60-80 eV), but applications also include
other atomic and small molecular systems.

Among the workshop presentations were “The Scientific Origins of
the LBL Soft X-Ray Interferometer Project” by Dave Shirley of Penn
State, and “Fourier Transform Spectroscopy: A Sketch Map to Lyman
Alpha and Beyond” by Anne Thorne of Imperial College, London.
Presentations by ALS staff members concentrated on the technical
issues involved in implementing the spectrometer. A report of the
workshop is available from the ALS upon request.
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