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DISCLAIMER

THE u.s. ATOM-RESOLVING MICROSCOPE PROJECT

R. Gronsky

Materials and Moiecular Research Division, Laurence Berkeley Laborarory,
Berkzley, California 94720

Introduction ~ The iargest project in transmission electrcn microscopy ever
To be undertaken in this country has recentlv been initiated within the
Materials and Molecular Research Division of the Lawrence Berkeley Laboratory
due to the support of the Division of Materials Research, Office of Basic
Energy Sciences, U.S. Department of Energy. This project has been given thae
nsme "Atomic Resolution Microscopy" and its goal is to provide the instru-
mentation and expertise necessary to conduct materials research directly at
the atomic level. Taking advantage of the best available technology in
electron-optical design, its core instrumentation is a unique machine, the
Atomic Resolution Microscope (ARM), which is to be builr by comsiercial manu-
facturers to the specifications of LBL and used in basic research pregrams
requiring atomic imaging capabilities. The project will also include an in-
house instrument development effort to maintain state-of-thc-art performance
from the :3#M, Details of history, organization and performance specifications
are outlined below.

Background - The nucleus of this project might be traced to informal discus- .
sions between Professors J. M. Cowley (Arizona State), R. M. Glaescr
(Berkeley) and G. Thomas (Berkeley), who collectively formulated a plan for a
"national center for electron optics' and went so far as to eveatually submic
a proposal to one of the major funding agencies in 1974. Althourh initialy
thwarted, the idea rcmained intact for two more years, undergning a major
(positive) fluctuation during the Berkeley Workshop on Hiyh Resolurion Flec-
tron Microscopy! in late 1976. Within the next year, a series cf workshops

on energy-related basic materials research sponsored by NMDE (then ERDA)
identified the 'critical need" for more sophisticated hiph resolution electron
microscopy facilities, and in responsc to this need the present proposal was
initiated and extensively refined over the subsequent two yeuars to its present
form. At the time of this writing, Atomic Resolution M;crogcopy is a line
item inthe FY1980 budget cycle of DOE.

Project Organization - The schematic in Fig. 1 represents both the operational
procedures and instrumentation planned for Atomic Resolution ¥icroscopy, as
they pertain to space nceds and building design for the total project. Four
"feeder" microscopes are scheduled tc support and insure the most efficient
use of the ARM. Thesc would serve to "screen” specimens, identifying at
reasonably high levels of resolution themselves the most appropriate specimen
areas and experimental conditions for atomic resolution imani Other
support microscopes would be used for chemical andlysis (FNS FLS) and for
implementation of instrument design changes before modifying the ARM, in order
co prevent excessive down time. To ensure that they interface most precisely
with the ARM, the experimental microscopes will be ol the 20V varict,

It is also planned to equip one each of the experimental 4nd analytical
machines with fisld emission guns.

Ancillary instrumentation for specimen preparation, photographic dzveloping

and printing, image analysis and image processing is scheduled to occupy
contiguous locations as shown by arrows in Figure !, lon milline machines,

wet chemical polishing devices, a scanning microdensitemeter a precision
optical bench and a video analysis system are included in the support equip-
ment Iist, and will be set up as new space becomes available (sce below).
Although the heavier computing burdens will be relegated to LBL's central
hardvare (a CDC 7600 backed by two CDC €600 machines), an on-site minicowputer .
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Figure 1 - Schematic diagram of the Atomic Kesclution Microscopy project at
IBL showing interrelationships of planned operations and equipment. Four
feeder microscopes will support the ARM. two for specimen screening and
chemical analysis, the remaining two for instrument development.

has been included ¢o perform the more urgent computaricns in conjunction with
an array procespor, to drive the image analysis peripherals and to coummuni-
cate with the central LBL machines.

The new building which will provide approximately 6500 sq. fi. ¢f space for
the equipment and personnel participating in this project is scheduled to
occupy a site adjacent to both the original structurc of the Materials and
Molecular Research Division and its new hiph voltaee clectron mictoseopy
facility which houses the 1.5 MeV electron micruscope (see paper by br. &.H,
Westmacott, these proceedings). The propascd location maximizes L
potential for scientific interaction while minimizin; duplication of equip-
ment, technical support staff and transportation probhlems. kxtensive
measurczments of ground stability, mechanical vibrations and masnctic distur-
bances were made previously for the 1,5MeV machine, and are therefore
available for optimum siting of the ARM. 1In fact the precedent estahlisned
by the 1.5 MeV electron microscope project has assisted in all facets or
this effort from planniwg of the vibration isolation system to details of
purchasing procedures, ~herein LBL's administrative servies have been exceed-
ingly heipful.



Figure 2 -~ Plot of

2.0 ———T T T T LI theoretical resalution
b BERKELEY ARM (1) as a function of
1.8 RESOLUTION rv06 c/4, ¥ 7] accelerating potential
. s for the Atomic Resolu-
1.6k . . tion Microscope. Values
, . are determined by
&) . maintaining a constant
e . " CgA product.
¢ L ]
|.2r- -
1.0! Il 1 1 N I T | 1 1
400 &00 800
ACCELERATING POTENTIAL (kV)
xaL8UZ-4822

Staffing needs for the project within MMRD/LBL will become more clearly
defined as it evolves into its planned ultimate configuration as a user-
oriented sharzable facility. Emphasiswill obviously be placed on a highly
qualified technical team for servicing and maintenance of the microscopes,
for image interpretation and analysis and for development of electron-optical
instrumentation. Facility operating policies will fellow established DOE
guidelines and will be administered through existing LBL structures. These
policies will apply to all potential users of the facility. All present
collaborative relationships with Arizona State University (Prof. J. M.
Cowley, Prof., J. C. H. Spence and Dr. S, 1lijima), Stanford University
(Prof. R. Sinciair) and the Berkeley campus (Prof. R. M. Glaeser, br. ©. L.
Krivanek) will also be maintained.

Performance Specifications - A detailed 1list of performance specifications

Tor the Atomic Resolution Microscope has been issued to potential manu-
facturers in subcontract form by the purchkasing department of LBL. High-
lights of this document are reproduced in the following

(i) Vacuum - The accelerating tube and optical column shall have a pressure
of 1x10-B torr or tess with hydrocarbon parlial pressure at [x1u=9 torr or
less.

(ii) Accelerating Voltage - The ARM shall bec capable of operatiun at voltages
between 200kV and 1000kV (continuously variable), with stabilities (including
ripple) of 1x10-6 per minute or better.

(iii) Illumination System -~ The gun shall provide a hrishtness of at least
107 amps/cmZ str. at the screen with an eacrgy C, —El— of not greater than
5x107% at all voltages.

(iv) Specimen Stage - A top-entry doublt tilt-l1ift stage shall be provided
for the ARM to accommodate 3mm diamecter arids with a tilt ranve of + 45
degrees, biaxial. Specimen position within the objeetive shall be controlled
via a lift mechanism to maintain a constant CyN product over the catire

ranze of operating voltages.

(v) Imaging System - The spherical aberration of the objective lens shall he
such that the product Cgh does not exceed 0.025 mm-A at all accelerating
voltages, Objective lens currept stability shall he 1x10-6 per minute or
better, with sufficiently low C, to permit imagin;; with higher order transfer
intervals at larpe defocus valines beyond the Seberzer limit. A high spatial
resolution diffraction system shall aise he incorporated in the ARM,



The obvious emphasis in these specifications has been on resolution, however
operating efficiency has also been given considcrable attention. A summary
of the resolutioncapabilities of the ARM is presented in Fig. 2, using a
generous definition of point resolution, for incremental voltages up to 1
MeV. The phase contrast transfer function corresponding to this maximum
potential is also shown in Pig. 3.
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Current Status - At present the architectural and engineering drawings for
the new building are nearly complete and all relevant design criterja. from
alr temperature variation to traffic flow patterns have been taken into
account. An . order has been placed for the first of the feeder microscopes
which will operate in an ultrahigh resolution configuration to support the
initial research programs in this project. Provisions arv also being made
to establish a proper computer library of imar simulation routines, lens
function routines, etc. These will precede t dactual experimental results
and assist in planning of all wariations of k.,% resoluticon imaping
experiments, instrument development work and image processing schemes.

Finally, the manufacturer's bids for the Atomic Resnlution Microscope are
currently under intensive review and, barring 2ny unanticipatced detave, an
award will have been made by the time of the meetiung tor which this paper
is being submitted.
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