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Detector for High Quality Images of Electron Microscopy 
LDRD Project 06-012 

P. Rehak, G. Deptuch, J. F. Pratte and J. Fried 

PURPOSE:
The technical objective of this LDRD project is to develop an Active Pixel Imager (API) based 
detector for electron microscopy. The image produced by the sensor under development will be 
limited only by physics of the electron microscope. The detector will be capable of providing 
these high quality pictures at frame rates high enough to allow dynamic studies of biological 
objects and structures in nano-science. 

APPROACH:
Detectors are a critical part of any electron microscope, since all the image, diffraction and 
spectroscopy information must pass through them prior to analysis. A wide range of topics, both 
in materials science and biology, are currently beyond reach due to limitations in detector 
technology. Constant progress in semiconductor (silicon) technology is responsible for the recent 
devices in digital imaging technology called Active Pixel Sensors APSs. These sensors were 
already designed, produced and tested as detectors of charged particles crossing the plane of 
sensors. The information being read-out is the total charge released in the active layer of silicon 
during the whole integration time of the sensor. The number of charged particles crossing the 
sensor and producing the charge is obtained from the total charge accumulated in individual 
pixels. These numbers of crossing particles are different from the true numbers due to 
imperfections of the charge measurement and because of intrinsic fluctuations of the charge 
produced by the passage of a single particle. Moreover, the dynamic range of the charge 
measurement limits the dynamic range of the particle count. The proposed detector improves all 
shortcomings of present APSs. 

TECHNICAL PROGRESS AND RESULTS:
Most of the effort during FY 2006 was dedicated to the modeling of the device. The modeling 
can be divided into two main parts. i) Modeling of the process of the ionization and of the 
collection of the signal charge within the epitaxial part of the silicon pixel, and ii) amplification 
of the charge and the signal processing. The process of the ionization produced by the electron 
beam of the microscope and the collection of the signal charge is not part of any commercially 
available software.  The software to simulate this part of the detection process was developed 
and used for the optimization of the geometry of the n- and p- wells in the pixels and for the 
values of voltages to be applied at individual wells. The linear part of the read-out electronics 
chain was designed with the help of commercial programs for the design of Integrated Circuits 
(IC).

In FY 2007 the design of a small scale prototype was completed, produced and partially tested. 
Figure 1 shows the micro - photograph of the produced chip.  The large square on the right hand 
side is a 32 by 32 pixel matrix of independent pixels. Each pixel contains a detection volume 
followed by the complete chain of read–out electronics. The read-out electronics is formed by a 
preamplifier followed by a shaper, baseline restorer, comparator and a 15 bit scaler. The pixel 
architecture of this array is already an exact realization of the architecture to be included in 
larger arrays intended to be used in electron microscopes. 
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Figure 1.  A micro – photograph of the produced chip 

In FY 2008 the testing of the chip continued, however, the LDRD effort met with several 
hurdles; new constraints for bonding of thinned down silicon to a beryllium substrate took effect 
preventing any preliminary test of silicon – beryllium sandwich.  Two of the PIs on this project 
left BNL.  G. Deptuch left BNL in July 2007, and J. F. Pratte left BNL in January, 2009.  
Therefore, we have proceeded directly to the testing.  Therefore we modified the planning of 
existing arrays within the electron microscopes. We will minimize the risk of missing a design 
flow by performing more extensive series of tests. We will collaborate closely with physicist at 
the biology department and at the CFN to carry on these tests. 










































































































































































































































































































