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LIFE BEYOND LoV
K. . Westmacott

Materials and Molcecular Rescarch Division, Upiver ity or ¢ alie
Lawrence Berkeley Laboratory, Berkelev, CA 94720

Life bevond IMeV - Like Life after 40 - is not oo different unless one takes
advantage of past expericence and is receptive to new opportunities. At firstc
glance, the returns on performing clectron microscopy at voltages greater
than 1MeV diminish rather rapidly as the curves which describe the well-
known advantages of HWVEM often tend towvards saturation. lHowever, in a coun-
try with a sipgnificant VM capability, a good case can be made for investing
in Instyuments with a range of maximan aceelerating voleages. In this
regard, the 1.5MeV KRATOS UVEM being installed in Berkeley will coumplement
the other 050KeV, IMeV, and 1.2MeV instrvuments curvently operating in the
U.S5. One cther consideration sugpests that 1.5MeV is an optimum voltage
machine - ity additional advantages may be purchased for not wmuch more than

a 1MeV instrument, On the other hand, the 3MeV HVEM's, which scem to be
operated at ZMeV maximum, are much more expensive,

Since the wmain rationale for constructing the orfginul HVEM's was the in-
creased penetration, this aspect will be considered first, In Fig. 1, results
are collated from a number of studies of usable penetration as a function of
accelerating voltage for several materials. Fer the purposes of comparison,
the foil thickness at hiph voltage relative to that at 100kV is plotted.
These results must be treated with some caution since the operating reflec=
tion and diffraction conditions were not always the gsame, and it is known
that thesce ave important p;.xramet;ers;.,1’;‘Z Novertheless, the overall treunds

are reliable and it is clear that the advantages in going to 1MeV continue to
1.5MeV, but at a diminishing rate. Two points must be borne in mind, (1)
experience has shown that bulk as oppoescd to thin foil behavior is observed
in foils in ecxcess of 1-3pm thick, and (2) dislocation contrast diminishes
before the maximum foil thickness is reached,  Thus, in studies of disloca-
tion structures, foil thicknesses which are often less than the wmoximum will
be naturally selected Tor obscervation,  In other types of cexperiments,
howover, the use of very thick foils is a decided advantapge. For example,
during in-situ oxidation studices of thin folls, scelective oxidation of one
component of an alloy can lead to severe solute depletion of the matrix and
non=bulk behavior. Secondly, the very high penetracion in the light clements,
such as Si, facilitates dircect obscrvations of interfaces, defeets, ete., in
materials for electronic devices and solar cenergy applications where layer
thicknesses are of the same order as foil thicknesses.

A sccond important advantage of HVEM's is the greatly dncreased space in the
specimen chamber.  This allows construction of "mini=Iabs’™ in the vhjective
pole picee for performing a variety of jn-situ studies.  This aspect has
already been extensively developed (sce oup,, Butlerd) and, with the great
current interest iu understanding the behavior of materials at high toepera-
ture and in hostile cavironments, is likely to be pursued fuorther in the
next decade.  In particular, by sacrificing some of the increasce in penctra-
tion at high voltages and survounding the specimen with a gascous cnviron-
ment of controlled composition, a much better understanding of gas-solid
reactions and interface behavior can be anticipaced.  Swann was one ol the
carly developers of envireonmental ceolls for such studices, and in Fip.
Swann and Tighes'4

experimental data of gas pressure as a function of accele-
rating voltage for several gascs have been extrapolated to 1.5MeV.,  The
criterion that the maximum usable pressure, Py, is that at which 1/1, = 0.1
was usced, and the pressure relative to Pv at 100kV ig again plotted. Tor
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should be feasible.  Under vormal (hon=-cnvivronmental veldl) use the column
vacoum ix also dmportant, and consegquentiv, the Boerleley instrument has been
equipped with more efficient 5008/sce turbo-molecular pumps.  The attainable
vacuum is 21076 tory in the specimen chamber (this can be improved further
by auxiliary lon-pumping on a port in the chamber), and 1077 Lorr at the
base of the accelerator tube. A good accelerator vacuum is alvo desirable,
since it is known that the time dinterval between accelerator comdilioniag
is increased and the X-ray emissions decreased with improvement in vacuum.

The ability to simulate radiation damage in an HVEM has been exploited
extensively in the past and is likely to continue. However, many of the
heavier elements, c.p., W, Au, U have threshold energies for displacement
damage, Ep, in excess of 1MeV and could not thevefore be studied in this
country. At 1.5MeV, E,. is exceeded for all the elements in the periodic
table, and this added capability could be an asset in future work. With
increased cmphasis on fusion systems which operate at higher temperatures
and require new classes of materials, reflractory metal alloys which have high
Ep's (c.g. Mo = 870KeV), will find incrcased application. Unfortunately,
radiation damage is a double-cdged sword and in many applications of high
voltage wicroscopy it is an unuanted complicating factor in the experiment,
Two solutions to this problem have been supgested. Operation at a voltage
below Ly = not good unless Ep is high, or perform the experiment at a
tcmperaLurL where the thermal equilibrium concentration of wvacancles exceeds
the concentration of displaced atoms produced under the conditions of the
observation. Values of these temperatures for a number of metals have been
given by Bricknell and Edinston.? Fortunately, this sccond option is more
compatible with in-situ hipgh temperature studies of materials at high accele-~
rating voltages,

Perhaps the preatest future potential for HVEM's, however, lies in the
inherent capability for improvements in resolution, i.e., the Cgh effect.
Horiuchi et al.® have praphically demonstrated this potential with excellent
"structure images” taken at 1MeV with axial illumination on cvaporated gold
film. Lattice fringe imapes of the 2A spaced (200) planes are clearly
resolved. Wigh resolution was a high priority specification for the
~Berkeley HVEM and the jns Lrument was desipgned to achicve (with modification)
3.54 point to point (n2. 5A lattice) resolution. In order to achieve these
resolution levels, several design improvements have been incorporated in the
instrument, The high voltagg gencerator was built by the Emile Hacfely Co. to
more stringent specifications than earlicr models. Wird wound resistors are
used in the voltage divider and topether with other changes improve the
voltage stability to <5 x 10-6/3 min, at all the fixed voltages from 200~
1500kV. 7The ripple voltage between 500kV and 1500kV is <3 x 10=0. A de-
tailed description of the system has been given by Reinhold.? The objective
lens is designed with a high-resolution pole picce and top entry stape as
well as the usuoal sxdo entry system, and the lens current stability is
better than 3 x 1070/3 min. A magnification range from 50X to >030,000X is
provided with rotation-free imaging above 2500X,

In addition to instrumental changes, the building to house the microscope
has been designed to prevent ambient ground vibrations, and those resulting
from future site development, from limiting the in@trumcnt performance. The
microscope is mounted on a 100 ton inertia block (of 1.2lz natural [requency)
which in turn is supported on 12 air springs. Because of the vulnerabilicy
of its location, an additional 4 seismic restraint devices are fitted which
activate to restrict block motion in the event ol an ecarthquake., The system
is designed to protect the installation from major damage in a 7.0 carth-
quake with epicenter 0.5 mile from the building (e.g., on the Hayward Fault).
A schematic diagram of the vibration iHOJdLLOH system is shown in Fig. 3, and
a panoramic view of the microscope tower and support facilities is glven in
Fig. 4.



A diverse rescarch propvam is planned for Che new instrument including in-
sito stodivs of pas=sol Bd o reactions  and phase Dransormst fons, studios of
ceramics, plasses, mincrals and orher beam~sensitive materials, microstruc-
ture characterization of steels, solar cells, ete.  In these studices  conven-
tional HVEM dmaging tochniques will be aupmentod with information Drom

energy loss spectroscopy and convergent beam microscopy,

This project is supported by the Division of Marerials Scicences, Office of
Jasic Energy Sciences, U.S. Department of laergy under Contract No. W-7405-
Eng-48.,
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Fipure 1

Plot of maximum usable foil thickness (relative to 1OOKV) versus accclerating
voltape for Si, Fe, stainless steel,

References: (a) G. Thomas, Phil. Map. 17, 1097 (1968), (b) G, Thomas and
J-C Lacaze, Jo. Wicros. 97, 301, 1973, {(c) Fujita et al., Jap. J. Appl.
Phys. 11, 1522, (1972), (d) K. F. Hale, and M. Henderson Brown, Micron, 1,
434, (1970). -



Figure 2
8 Plot of maximum usable
gas pressure {(relative to
100KV) versus acceler-
ating voltage for
several gases. (Data of
Swann and Tigueé)°
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Figure 3

Schematic diagram showing vibra-
tion isolation foundation for
Berkeley 1.5 MeV HVEM.
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Figure 4

Photograph of Lawrence
Berkeley Laboratory 1.5
MeV High Voltage Electron
Microscope facility.
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