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Figure 1: The Apollo is based on a novel (US Patent #10,616,521) ultra-fast, event-based, direct detection Super-resolution Super-resolution
device (DDD®). Instead of outputting analog frames, the sensor detects incident electrons and outputs the . dose fractionation event streaming
location and shape of each detection “blob” registered on the sensor. On-chip correlated double sampling 0 10 20 30 40 50 60 70 80 17 ms time resolution 382 ps time resolution

(CDS), on-chip thresholding, noise-free digital output, and ultra-fast counting speed maximize data quality. Input (e/pix/s)

Figure 4: The new “"ApolloXS” version of the camera includes faster sequencer timing for running the sensor, a
new strategy in FPGA for identitying the boundaries of single detection events (which are connected groups of
pixels output from the sensor), and the new “Centroided Event Streaming (CES)” readout mode. (a)
Coincidence loss curves at 200 kV for Apollo and the new ApolloXS models, showing ~20% less coincidence
Better ContraSt for tomography loss in the new model. (b) The Apollo camera delivers a stream of super-resolution dose fractionated movie
frames with 17 ms time resolution. (c) The new ApolloXS camera delivers a compressed stream of coordinates

Apollo central section Falcon4 central section of centroided events with 382 us time resolution.

Figure 5: The first demonstration of CES
mode from the ApolloXS camera. Data
was acquired on a JEOL 2200FS at 200 kV.
The detection rate was ~48 e/physical
pixel/second. The images show 3
4x-pinned cropped regions of a line

N grating grid with latex beads. Each image
3 represents the sum of the events
g detected over just 19 ms. (@) The sum of
S events without attempting to correct for
o specimen motion. (b) The same data but
<‘€EL with shifts applied to correct the specimen
motion. The total detected motion over
the 19 ms was ~2 and ~8 physical pixels in
the x and y directions, respectively.
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§ other metadata frmdatad — compressed sparse block (CSB) format (Bulug, et
© | el JJ al., 2009; Tinney & Walker, 1967). (a) Each data set
contains a hierarchy of values and arrays, enabling
| wide-ranging flexibility. (b). The area of a
T pixdatal H sensor/image can be segmented arbitrarily into
Pixdataz rectangular blocks. For efficiency, each block
should contain 65,536 coordinate locations.
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Figure 2: Tilt series were collected of rat cortical neurons on a Thermo Fisher Glacios (200 kV). All tilt series 2.0 ' ' ' ' ' ' 2.0 ' ' ' '
were dose symmetric, spanning -45° to 45° with 3° steps. Falcon4 data was acquired using Tomo (Thermo 18 4 1.8 4

Fisher Scientific) with a pixel size of ~5 A/pixel, while Apollo data used SerialEM with ~4.6 A/pixel. The specimen
exposure rate and C2 lens were kept constant (~1.6 e/Atilt, C2 = 38.87%). Acquisitions were alternated
between using the Apollo first or the Falcon first. EMANZ2 was used for 3D reconstruction.
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Figure 3: Bidirectional low-dose continuous-rotation tomography acquired in Exposure Rate (e-/physical pixel/time point) Exposure Rate (e-/physical pixel/time point)
~60 seconds on a Thermo Fisher Glacios. Frames were averaged over 0.5 s
. o : : —— Dose Fractionated —— (OO Standard —— CSF Standard —— TFSEER CSB Standard
intervals to facilitate analysis. Plots of the alignment of each frame are shown - -~ LZW Dose Fractionated - -~ COO Bit Packed -~ CSF Bit Packed -~ Optimized RLE CSB Bit Packed

below. A cropped region of the central section of the reconstruction also shown.
Figure 7. Comparison of several possible file formats for saving event detection data. Each acquisition

x ty ztilt ytilt . xtilt represents a typical single-particle cryo-EM acquisition, with 4096 x 4096 physical pixels, 2x-super-resolution
1500+ T il 0 1 electron counting, 0.75 A/pixel sampling, and 50 e /A2 total exposure. The horizontal axis at the top of each plot
| : | o i shows the corresponding exposure rate and exposure time on the ApolloXS camera. (Note that the horizontal

_:z il 3 = ranges of both plots are identical, so that the horizontal axes correspond to each other.) The dose fractionated
e 1 ?Z 35 1 —a formats assume a 50x reduction in time resolution. Dashed lines show compressed or optimized versions of
o I N S I | N D o P = I B each file format. Across a broad range of exposure rates, the compressed sparse block (CSB) format adopted

in our proposed “EDC” file format offers the smallest file sizes (a) and lowest required disk writing speed (b).






