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Technical Report

Estimation of Electron Dose Rate using CCD Camera
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ABSTRACT : We report a useful method to estimate the electron
dose rate which may be a decisive factor to characterize sample
properties. Even though most mircoscopes have their own expo-
sure meters, there are several practical concerns when such expo-
sure meters are used to measure the electron dose rate: 1) Speci-
men should be avoided within the entire area of exposure meter;
2) beam current has to be always recorded whenever the operation
mode is changed; 3) the electron dose rate can not be calculated
for the beam current beyond the detectable range. To overcome
these limitations, we suggest a useful method which utilize a CCD
(charge coupled device) camera which is now a popular detector
to obtain the final electron micrographs. We have evaluated the
CCD sensitivity using the linear relationship between electron
current on the exposure meter and counter ratio on the CCD cam-
erawhich are built in KBSI-HVEM (high voltage electron micro-
scope). Applying the new method, we obtained the CCD sensitivi-
ty which are approximately 0.039 counts/e” and 1.37 counts/e” for
the Top-TV and the HV-GIF CCD cameras, respectively. (71714,
71ednl, 753, o|ArE], 27)1l, 2Aks  CCD 714 g= 01_9_6}-
A AR o)
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Table 1. Magnification calibration for various beam current detec-
tors. The indicated values are the relative magnification with respect
to the magnification on the film plane

Detectors Relative mag.
Film plane 1
Full screen 0.997
Small screen 0.899
TOP-TV CCD 0.268
HV-GIF CCD 22.168
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Fig. 1. Cut-off effects of electron beam by objective apertures.
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Fig. 2. General procedures for the calculation of electron dose rate
using CCD camera.
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Fig. 3. Calibration of CCD sensitivity of the Top-TV and the HV-GIF
which are attached to the KBSI-HVEM.
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Fig. 4. Examples for the calculation of electron dose rate on CCD.
(a) In-situ observation of phase transition of GST memory device by
in-situ heating and high energy beam irradiation. (b) Application to
single particle analysis under low dose condition using cryo-EM.
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