The 4D Camera — A 87 kHz Frame-rate Detector for
4D-STEM Experiments
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AD-STEM Experiment

COHUEFQEG electron probe rastered over sample
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Pixelated electron detector
C Ophus, Microscopy and Microanalysis 25, 563-582 (2019)



4D Camera Parameters MovecuLAR 165

* CMOS Active Pixel Sensor

* 10 um? pixel size

*Back thinned sensor
*30-300 kV

*576 x 576 pixels

*11 psec read out

*Rolling shutter

*TEAM 0.5: Corrected Titan

*First electrons Spring 2019
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Data Acquisition, Processing and Storage  rgecuas I8
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» 87,000 Hz (480 Gbit/s) readout (typical STEM scanning rates)
e 1kx1k scan is 650 GB captured in 15 seconds

 Data pipeline: FPGA = RAM - Flash storage - Sparse HDF5
15 sec 140 sec 8.5 min



What single frames look like motecuLar §
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300 counted frames

counted frame

15 mrad

15 mrad

* Raw noisy frame, counted frame, sum of 300 frames

* 1% fill ‘factor’ allows ~3300 electrons per frame

* Possibly acquire multiple frames for each position (post acquire sum)
* 30 — 100x data reduction (650 GB = <20 GB)
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* Powerful open-source processing ecosystem
e Local and remote high performance computing

* |s the data useful?
* Needs minute scale reduction, efficient data representation and storage
* Fast processing to useful information
* Fits in memory, easily processed
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https://github.com/OpenChemistry/stempy

High Resolution 4D-STEM Analysis MoLEcULAR I

Radial sum of 1 frame

15
c
S 10
S
)
(&)
@ 5-
Q
0 L T T T T T T
0 50 100 150 200 250 300

Detector radius (pixel)

Y I

€

=
s

Fgew
L

Had v ok
) .ﬁhi}?ﬂ}‘.ik'

YARAIEN gy SRENAIRES S hen iy
RIREIE, B A b ok ki
S R N
ikl bttt b D

 All operations on sparse counted data. No summing or binning. JE
S Hsu, R Ramesh, UC Berkeley



Near/Far Future Upgrades moLecuLar IR
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» Upgrade acquisition and analysis system (local buffer 2 NERSC)
 HAADF ring detector (even more data and signals)
* New installation at Brookhaven Nat. Lab (in situ TEM)

* In-line electron counting by FPGA (in-line data reduction)
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