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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
California. 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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D. G. Howitt, R. M. Glaeser, G. Thomas

Department of Materials Science and Engineering, University of California
Berkeley, Californmia 94720 and Department of Medical Physics, University
of California, Berkeley, 94720,

In the study of radiation sensitive materials in an electron microscope a
" 1imit to resolution is imposed when the number of electrons required to
record an image is greater than. the number required to destroy the specimen.
This limitation is convenlently expressed in the equatlon due to Glaeser
(1973): L 4> 1 . 5 o ) o |
-"cltN S -(1)

where d is the size of the obJect detail, c the contrast of the object
feature, f the detection efficiency of the recording device and N., the _
critical exposure, is the number of electrons in unit area which will des-
,troy the specimen. :

Since the radiation dose deposited in a thin materlal decreases as the
energy of the irradiating electron increases, there will be advantages to
be gained from the application of very high voltage electron microsc0pes,
- 1f the energy dependence of the other terms in (1) are favorable.

Cosslett (1974) has shown experimentally that for certain photographic
emulsions f is relatively insensitive to electron energy at least to 700 keV.
Assuming that the specimen thickness is adjusted to give constant contrast
the behavior of d may therefore be assessed from measured values ‘of the

critical exposure.

Values of the critical exposure for the amino-acid l-valine, which suffers
principally ionization damage, have been obtained in the energy range 50 to
3000 keV. These values and the associated d values employing ¢ = 0.1 and

£ = 0.25 are displayed in Fig. 1. The measurement of the critical exposure
. 1s achieved by measuring the total electron exposure sufficient to destroy
the diffraction pattern of the material, Fig. 2. Conventional techniques

. of selected area diffraction were employed and details of the measurement
" of the electron exposures are described by Howitt (1975).

" Assuming that the energy required to destroy the materizal is directly pro-
portional to the energy lost by this primary beam the behaviour of the
electron exposure required to deposit this critical energy can be calculated
from the equations of Bethe (1933). Such comparisons predict an approximate
g2 dependence of the critical exposure. This behaviour and that of the more
“exact calculation of the linear energy transfer are shown for comparison in

Fig. 1.
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" RESOLUTION, A
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The variation of the critical exposure of %-valine with

electron energy.
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Fig. 2. Electron diffraction patterns from a crystal of
f-valine recorded at intervals of half the
critical exposure.
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Energy Research and Development Administration, nor any of
their employees, nor any of their contractors, subcontractors, or
their employees, makes 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. '
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