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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 ahy 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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-THE ACCUR..!\TE t-lEASURENENT OF THE ENERGY DEPENDENCE OF RADIATION DA1.'1AGE 
IN ORGANIC MATERIALS 

D. G. Howitt 

Inorganic Haterials Research Division, Lawrence Berkeley Laboratory, 
University-of California, Berkeley, California 94720 

·In electron microscopy and radiation damage studies in organic materials it 
is important to be able to make an accurate assessment of the rate at which 
the damage processes proceed. 

Approximate values for these radiation dauage rates ha~e been calculated using 
solid state detectors in order to measure the appropriate beam current dens.i.:._ 
ties (1), however the strong intensity dependence of these· devices c(Fig. -1) 
and their susceptibility to radiation damage imposes large errorswhen any . 
consistency in their efficiency is assumed. 
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A Faraday cup has been constructed Fig. 2 which is capable of measuring cur-
_rents down to lo-15 amperes cm-2_from the .final image.plane of an electron !-
microscope, with an error of less than 1%. The cup, being positioned beneath l 
the-finalviewing screen is therefore capable of distinguishing local inc.i- l 
dent. intensities in the object plane. I 

In as'sessitig the beam ci.rrrent density at the specimen however,- an overest.ima~-- --l 
tion can arise from electrons· which are incident at the image plane but not j-

derived from the associated object. This effect is most prevalent in high. !·-
voltage microscopes and arises from the mala:lignment of lens apertures and __ 

1

1 

the ability of secondary electrons, for example those created on the ~a.lls of 
-the microscope c-olumn,- to reach the final image plane. The variation~ of the · 1-

f predicted beam current density at the specimen ivith magnifi<_!a~j,e>_n is show-rt,_~ ~- _ j 
-for nominal- condenser settings ci{ the Berk.e'iey: 650kV Hitachi microscope, in 1 
Fig. 3. It is apparent that this effect is capable of introducing large :er- _ \ 
rol;'s even at relatively low magnifications. The large operating range of the 
Faraday cup however facilitates ~h~_measurement of beam currents at very low 
magnifications where this effect is minimized. 

In the measurement of radiation damage 'rates the fading diffraction pattern 
technique is-- employed .(2) arid --the determination of the end point can have a 
large degree of uncertainty associated ·with it, particularly at high voltages, 
when determined visually from the fluorescent screen~ The Faraday cup can 
hmvever, when measuring high beam currents, sustain a rapid response to changes 
in intensity. Thus, it may be utilized to monitor the decay of any Fourier 
component in the diffraction pattern to the intensity of the final background. 

Employing these techniques therefore, the variations of the radiosensitivity 
of materials to sensitive parameters such as incident electron energy can be 
studied in a highly quantitive manner (Fig. 4). 

Some conclusion~ based on the present work, concerning the effects of radia
tion damage on resolution as a function of accelerating voltage will be 
presented in a separate paper (3). 

The author gratefully acknowledges the active support and encouragement of Dr~ 
G. Thomas and Dr. R. M. Glaeser. This research is sponsored by a grant fro~ 
the National Institute of Health, performed under the auspices of the Energy 
Research and Development Administration, and carried out in partial fulfill-:-

. ment of the M.S. degree, University of California, Berkeley. 

L R. H. Glaeser, LBL-2164, Sept. 1973. 
2. p. T. Grubb and G. W. Groves. Phil. Hag. 24, 815 (1971). 
3. D. G •.. Howitt,_ R.-.M--Glaeser, .. andG. Thomas,.l975, .. these proceedings. 
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Fig. 1. 
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Electron Count at the Detector, No./second 
6.6xl05 6.6x 104 6.6xi03 6.6x 102 

All counts mode over 10 second period 

-- -- -- --· -- --- --- -- -- -- -- .-- -..,.:::.....,•<'>ljT 

ro-11 · · ro-12 ro-13 a/cm2 

Ol I . I ' I·. I 
6.2x108 6.2x107 ~i. 6.2xi06 6.2x105 Electrons/cm2/sec. 

Count Density at the Plon:e. of the Detector XBL '7118-noL! 
The variation of the efficiency of the lithium.dtifted silicon detector:with dose 
for a defining aperture of 1.37xlo-3 cm2. ; : 
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Fig. 2. The Faraday cup. 
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Fig. 3. The accuracy of the beam current measurements in the 650 kV 
Hitachi microscope. The curve broadening represents the 
uncertainty in the measurements. 
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Fig. 4. The variation of critical exposure of adenosine and 
1-value with the velocity of the irradiating electrons. 2 
The broken line indicates the behavior consistent with v 
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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 li~bility or responsibility for th~ accuracy, completeness 
or usefulness of any information, apparatus, product or process 
disclosed, or represents that its use would not infringe priv·ately 
owned rights. 
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