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In scanning transmission electron microscopy (STEM), a finely focused electron probe is scanned 
across the specimen and the transmitted and/or scattered electrons from a localized material volume 
are detected by the post specimen detector(s) as a function of raster position. By controlling the 
detector geometry, we have a lot of flexibility in determining the contrast characteristics of STEM 
images and the formation mechanisms involved. Recently, we have developed a new area detector 
which we refer to as the "Segmented Annular All Field (SAAF)" detector and which is capable of 
atomic-resolution STEM imaging [1]. This area detector can obtain 16 simultaneous atomic-
resolution STEM images which are sensitive to the spatial distribution of scattered electrons on the 
detector plane [1]. The angle range can be easily controlled by changing camera length settings. Fig. 
1 shows a schematic illustration of the SAAF detector. The detector has in-plane rotation capability 
which enables arbitrary alignment of the detector geometry to the crystallographic orientation of the 
sample.  

With this detector, we can obtain annular bright-field and dark-field images by combining the 
individual STEM images from the different detector segments. Furthermore, if we take the 
difference between the images from diagonally opposed detector segments, we can form what are 
known as differential phase contrast (DPC) images [2]. It has been reported that, to a good 
approximation, DPC STEM images represent the gradient of the object potential (= fields) taken in 
the direction of the diagonally opposed detector segments, provided the object scatters weakly [2-5]. 
DPC STEM has been used to image magnetic structures at medium resolution [6,7]. However, DPC 
STEM imaging has not been applied at atomic-resolution STEM so far. 

Here, we show atomic-resolution DPC STEM images of SrTiO3 observed from the [001] direction 
[8]. Fig. 2(a) shows the orientation relationship between the SrTiO3 crystal and the detector 
segments used in this study. The probe-forming aperture angle was 23 mrad and the angle range of 
the detector segments was 15.3 to 30.6 mrad. Fig. 2(b) shows the experimental difference image and 
its intensity profile projected over the vertical direction in the image. The simultaneous ADF STEM 
image and its intensity profile are used for reference since the peaks in ADF image are a well-
established indicator of the true atomic positions. It is clear that the DPC STEM profile has a node 
(zero crossing) at the atom location. The profile is antisymmetric about this point, reflecting the 
reversal of the electric field direction across the atom along the direction of diagonal detector 
segments. Combined with detailed image simulations, atomic-resolution DPC STEM is found to 
provide information on the local electric field distribution in the vicinity of the atomic columns. 
Some application results of atomic-resolution DPC STEM imaging will be presented.  
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FIG. 1.  Schematic of the SAAF detector. 

FIG. 2.  (a) Schematic illustration showing 
the relationship between the crystallographic 
orientation of SrTiO3 and the two detector 
segments. (b) The DPC STEM image formed 
by subtracting the signal in detector segment Y 
from that in detector segment X and its image 
intensity profile. The simultaneous ADF image 
and its image intensity profile are also shown 
for comparison.  
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