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Ptychography is a form of Coherent Diffractive Imaging (CDI) in which a localized illumination 

function (or probe) is sent to a grid of positions on a sample and a detector records a diffraction pattern 

at each position. Setting the pitch of the position grid smaller than the size of the probe ensures that most 

points on the sample are illuminated multiple times, whilst structure in the probe ensures that diversity is 

introduced into the recorded data: each point on the sample is illuminated multiple times in multiple 

ways. The resulting set of diffraction patterns have been shown to be relatively straightforward to invert 

to give an image of the sample, quantitative in both amplitude and phase. But in addition, the diversity 

in a ptychographic data set also encodes a panoply of information that can be processed to yield an 

image of the probe [1-3], the coherent modes of the probe when it is only partially coherent [4] or of 

multiple wavelengths [5], corrections to errors in the measurement of the grid of positions through 

which the probe was scanned [1,6-8], 3D images [9,10], and super-resolved images [11].  

 

Lateral super-resolution is achieved in ptychography by extrapolating diffraction data outside of the 

numerical aperture of the recording system. Figure 1 gives an example from the visible light regime. 

Figure 1a shows the experimental setup – a highly structured illuminating probe is diffracted by a 

transmissive sample and forms a diffraction pattern at the plane of a detector. The detector has a limited 

Numerical Aperture (NA): diffraction data outside of this NA, corresponding to the finest features on 

the sample, are lost and so the image reconstructed from this data is limited in resolution. Figure 1b 

shows an image of a resolution target reconstructed from the NA-limited diffraction patterns, the extent 

of which is demarked by the red box in Figure 1c. During the reconstruction process however, it is 

possible to extrapolate well beyond the confines of the detector NA [11]. Figure 1d shows the resolution 

target reconstructed from the same diffraction data when the extrapolating algorithm is used: the 

algorithm recovers all of the diffraction data between the red square and the blue circle in Figure 1c.  

 

Super-resolution ptychography is only one of a number of avenues of current research into the rich 

ptychographic dataset. It is particularly relevant to the visible light regime, where it can offer high image 

resolutions at large working distances. However it may also find use in the scanning transmission 

electron microscope, where it promises to allow the extrapolation of dark-field diffraction from 

measurement of the bright-field diffraction pattern [12,13].  
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Figure 1. Super-resolved ptychography. (a) Experimental setup: a microscope objective forms a ~50µm 

spot on a specimen and a CCD records the diffraction pattern generated downstream. The CCD has a 

smaller NA than the illumination optics (blue lines) and does not capture the full extent of the 

diffraction data (red lines). (b) A conventional ptychographic reconstruction using the data demarked by 

the red square in (c) produces only a moderate-resolution image. (d) The super-resolution algorithm 

extrapolates the diffraction patterns to the extent shown by the blue box in (c) to produce an image with 

a sub-micron resolution. Scale bar 10µm. 
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