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At the University of Glasgow, experiments with hybrid pixelated counting detectors started with a Medipix2
detector [1]. It was clear that direct electron detection and hardware-based electron counting can offer
advantageous imaging capabilities. Subsequently, a Medipix3 detector with Merlin readout system was
commercialised as a MerlinEM detector by a collaboration between the University of Glasgow and Quantum
Detectors Ltd. The detector has now been applied in multiple experimental configurations. In this paper
capabilities in 4D-STEM, electromagnetic field imaging, ptychography, precession electron diffraction and
electron energy loss spectroscopy will be demonstrated.

The MerlinEM detector has been applied to 4D-STEM at the prototype stage to improve magnetic imaging in
Lorentz microscopy [2]. It was shown that acquiring a full diffraction pattern for each point in a scan with
subsequent gradient correlation processing vastly improves signal to noise. The sensitivity of this new method
allowed imaging of magnetic fields with the highest spatial resolution available on the microscope (< 1 nm
field free imaging on probe corrected Jeol ARM200 cFEG at University of Glasgow) which was not previously
accessible using the standard (annular) quadrant detection. The Fig. 1(a) shows a colour image showing a
quantitative integrated magnetic induction map from 10nm thick permalloy sample imaged with a 200kV probe
with convergence semi-angle of 2.15mrad. The deflection of the probe is in the range of < 0.3 pixels across
the different magnetic domains.

The benefits of electron counting, and dynamic range binning, can be exploited for electron ptychography. The
MerlinEM detector can be used with up to 18800 fps in 1-bit (binary) mode, to achieve atomic resolution in
very low dose regime [3] and can offer significant advantages for sample stability and charging issues.
Ptychography is ideally suited for imaging of 2D materials; a reconstruction of a phase of twisted bilayer
graphene sample is shown in Fig 1(b). The data has been taken and processed at ePSIC with a Jeol ARM300CF
operated at 60kV and MerlinEM detector. It is apparent that ptychography offers higher signal to noise if
compared with a simultaneously collected ADF image in Fig 1(c).

Direct electron detection together with the higher number of pixels (256 x 256 or 512 x 512) and the high
dynamic range (max 24-bit counting) can be used in conjunction for improved results with precession electron
diffraction. NanoMEGAS SPRL has integrated the MerlinEM camera into their imaging framework. Direct
detection enhances the speed, stability and reliability of the precession diffraction toolkit. We will present
recent new results on this work.

The EELS version purposes the MerlinEM in a 4x1 configuration (1024 x 256). It has been installed at STEM
LPS Orsay lab on a Cs corrected Nion USTEM200 microscope using a Gatan ENFINA spectrometer. Apart
from the high DQE and MTF, there are two main advantages of the detector for EELS: high dynamic range
(24-bit) for collection of the zero loss peak area; and zero read-out noise for collecting the high loss edges with
high signal to noise ratio. An example is given in Fig. 2 where spectrum imaging was performed over an
STO/LMO interface [4] with 100kV illumination, 250pA beam current and 10ms dwell time. The spectrometer
was set to capture core loss Ti-K and La-L edges between 4.5-5.7 kV.
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Figure 1. (a) Quantitative DPC imaging of integrated magnetic induction in 10 nm thick permalloy sample,
probe convergence semi-angle was 2.15mrad. The orientation and magnitude of the induction is shown in the
colour wheel. (b) and (c) reconstructed phase and simultaneously collected ADF of a twisted graphene bilayer
sample. Imaging was performed at ePSIC with Jeol ARM300CF operated at 60kV.
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Figure 2. Figure 2: (a) HAADF collected along EELS acquisition, (b) high core loss Ti-K and La-L EELS
atomically resolved map collected by MerlinEM 4x1 detector, (c) comparison of the spectra from STO and
LMO showing distinct separation of the two edges. Imaging was done at 100kV with 250pA beam current
with Nion USTEMZ200 and Gatan ENFINA spectrometer.
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