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Rapid scanning ptychography with 3D real-time
position registration at HXN beamline
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In the past decades, X-ray ptychography has been demonstrated as a powerful technique of coherent diffrac-
tive imaging because of its capability to achieve quantitative phase contrast and nanoscale resolution not
limited by the performance of X-ray lenses. It has seen applications in a broad range of research fields from
microelectronics to biology [1,2]. However, because ptychography is a scanning-based imaging method and
requires high positioning precision of the instruments, the long measurement time and noticeable efforts
needed in developing and operating the hardware have been two of the major factors limiting more general
utilization of the technique. At the Hard X-ray Nanoprobe (HXN) beamline [3] of NSLS-II in the US, we have
developed a system for ptychography and tomography imaging, which enables rapid scanning up to 1kHz
speed and simplifies sample preparation and alignment process for more versatile applications.

The Rapid Scanning Microscopy Instrument-II (RASMI-II), being commissioned at the HXN beamline, is the
main component of the imaging system which consists of motorized stages for sample and focusing optics.
The sample stage uses a precision metrology disc and linear laser interferometers for position referencing,
which enables continuous tracking of the sample position in 3D during scanning and sample rotation. This
design largely simplifies the sample alignment procedure beforemeasurement and tackles sample drifts during
measurement to reduce scan overhead time. By combining the RASMI-II with a fast-response detector and
high-speed data collection devices, we were able to push the scanning speed of ptychography measurements
to 1kHz in fly-scan mode, which is the fastest frame rate of the detector, thereby achieving tomography
measurement time down to 1 hour per sample. We have also developed specialized software and algorithms
which incorporates fly-scan trajectories in the iterative phase retrieval process for faster convergence and
noise reduction in rapid fly-scan ptychography reconstruction, as well as utilizes 3D position registration
data for tomographic alignment and reconstruction.

In summary, the new ptychography and tomography imaging system at HXN beamline based on RASMI-II
will provide a platform for high-throughput and versatile nanotomography imaging. Its instrument approach
finds a broader potential application for other microscopy beamlines, particularly at the diffraction-limited
light sources, where the scanning speed should be commensurate with significantly higher coherent flux.
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