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.. PHASE¥CGHANGE Qi ELECTRON WAVE SCATTERING FROM THIN! OSJECTS
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‘T, F. ‘Budinger and R. M. Glaeser

Donner Laboratory and Lawrence Berkeley Laboratory, University of California '
Berkeley, California 94720, U.S.A. -

The assumption of a m/2 phase difference in the diffracted electron wave rela-
tive to the undiffracted wave is .an essential aspect of image analysis and eval-
uation for weak phase objects. -Two factors could contribute a significant com-
ponent whose phase shift is w. The first is a spatially varying attenuation of
the transmitted elastic wave due ‘to inelastic scattering. The second is the
quadratic term in the series expansion of a phase object's transmittance func-
tion, exp(-in). When the latter effect becares irportant, as is eypected with
carbon films thicker than ~100A or with thin specimens carposed of heavy atams,
the abject is no longer a weak phase abject.

We have directly measured the total effective phase shift by use of the Thon-
Hoppe diffractogram in combination with an independent measurement of focus.
Focus was determined from the displacement between corresponding bright field
and dark field images of small (508 - 100R) gold crystals supported on thin
(~508) carbon films. This displacement is related both to focus (lieidenreich
1942) and to spherical aberration (Hall 1949, Riecke 1961):

> -> -

lal = ¢ A’lgl® - afAlgl; , : (1)
Cs is the spherical aberration, A is the de Broglie wavelength, S the reciprocal
space vector for the diffracting crystal lattice plane, and Af the degree of
misfocus. An exanple of the displacement effect is shown in Figure l. Spher-
ical aberration can be accurately determined by measuring the displacements a,
and a, correspanding to different reciprocal lattice vectors for two crystals
an the same micrograph:

al§2 a2§1
G = (2)
A\ (glg - 9.9)
Wwith independent calibration of wave length and macnificatiecn, and with care in
astigmatism correction and voltage axis alinement, an accuracy of 3% in Cg is
possible. The value measured for an AEI 802 instrument was 3.4 rmu * 0.13 mm,
' which agrees with the manufacturer's stated value of 3.5 mm. Then using

Equation 1, focus can be measured to * 500A.

The Thon-Hoppe diffractogram reveals the spatial frequencies of maximum and
minimum cantrast: ) :
_1_ 1 (Af AfS 2 6 1/2,+1/2, '

Smax—ﬁ'—'x E;i(qz— c (n, n)) } ; (3)
® is the phase shift of the diffracted wave and n is the diffraction order in
the optical diffractogram. The phase shift can be determined as a parareter
‘when fitting such curves to experimental data obtained at the independently
determined values of defocus. Curves fitted in this way are shown in Figure 2,
for a series of through-focus micrographs (such as those illustrated in Fiqure
3). For a 50 &-thick carbon support film the effective phase shift of the
scattered wave has been measured in this manner to be m/2. The accuracy of this
approach is * n/8. .

(3

Heidenreich R D 1942 Phys. Rev. 62 291
Hall C E 1949 J. Appl. Physics 20 63

Riecke W D 1961 Optik 19 278

B L

. -
T YL ,.A'K‘



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal 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 its 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, or the Regents of the University of
Caiifornia. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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Fig. 1 Triple exposure of the dark
field images formed by the Bragg dif-
fracted beam associateu with the gold
{200} lattice. Reflection selected
by 25 um cbjective aperture.
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Fig. 2 Relationship of the measured
frequency at maximum contrast to
that predicted for m/2 and w/4 phase
change. This illustrates the sensi-
tivity of the technigue for measure-
ment of the phase shift on scat-
tering.
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Fig. 3 Electronmicrographs of gold colloid on ~50A carbon film (upper) and

the corresponding diffractogrars.

Focus was determined fram the dark

field/bright field image displacement method.

[






