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The digital revolution currently under way, as evidenced by the rapid development of the 
Internet and world-wide-web, is undoubtedly impacting the field of transmission electron 
microscopy (TEM). Digital imaging systems based on charge-coupled device (CCD) 
technologies, with pixel array sizes soon to exceed 4k x 4k, are available for TEM 
applications and offer many attractions. This presentation will frame the progression of 
digital imaging systems up to the present and beyond. 
 
Charged coupled devices were invented in 1970 (Boyle and Smith 1970). They soon 
became the sensor of choice in many imaging applications, particularly in video cameras 
and camcorders. A driving force behind the development of large format CCDs, with 
array sizes greater than 1k x 1k, came from astronomy and the establishment of space-
borne observatories, where high resolution images were needed but it was impractical or 
impossible to use photographic film. Experimental CCD imaging systems for telescopes 
were built as early as 1976.   
 
In transmission electron microscopy (TEM), there was a considerable delay in the 
adaptation of CCD technologies. The first experimental digital imaging system using 
CCDs was reported in 1982 (Roberts et al., 1982) where a 100 x 100 CCD array was 
directly exposed to 100keV electrons. Six years later in 1988, Spence and Zuo reported a 
576 x 382 pixel CCD imaging system, which used an indirect detection scheme, 
involving an electron scintillator screen and an optical coupler, thereby avoiding some of 
the problems encountered with the direct detection scheme. Since then many other 
systems have been reported (Aikens et al. 1989; Chapman et al., 1989; Daberkow et al., 
1991; Krivanek et al., 1991; Herrmann and Liu, 1992; Kujawa and Krahl, 1992; Fan and 
Ellisman, 1993; Krivanek and Mooney, 1993; Faruqi et al., 1995; Herrmann and Sikeler, 
1995; Daberkow et al., 1996: Downing and Hendrickson, 1999, Fan et al. 2000). These 
systems have become invaluable for applications such as microscope automation, 
automated electron tomography, electron holography, protein crystallography, and 
telemicroscopy. 
 
In this presentation, a brief history of digital imaging technology will be given to frame a 
discussion of emerging and future technologies that promise to align electron microscopy 
with the information technology advances of the 21st century.  
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