~510 pm

Science and
Technology
Facilities Council

Technology

technology.stfc.ac.uk

77 | —

Quantum C100, a Wafer Scale CMOS Detector Optimised for 100 keV Cryo-Electron Microscopy
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Abstract

Wafer scale CMOS image sensors are no longer a rarity thanks to the adoption and
improvement of stitched manufacturing techniques. In this paper, in fact, we do not
intend to focus on the sensor area, which is dictated by the application needs. What
we want to showcase are the sensor performance relatively to the technology node
used and its importance in the filed the sensor has been designed for, cryo-electron
microscopy (cryo-EM) at 100keV.
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Figure 3 — X-rays vs. cryo-EM entries Figure 1 — C100 sensor floor plan
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second order, column parallel sigma-delta ADCs, chosen for
its resilience over large mismatch-induced spread of the
analogue stages?.

The sensor output data rate is ~100Gb/s. Handling such rate
with LVDS lines will present integration challenges, which we
have overcome by designing high speed output stages (up to
5Gb/s). Quantum C100 is equipped with 34 high speed output
lines, operating at 4.3Gb/s with a XILINX AURORA® protocol®.

At full resolution the sensor achieves frame rates of 2,000 to
2,500fps with a 10 or 12 bit pixel depth, but can be operated
up to 5,200fps changing the bit depth.
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Figure 4 — C100 Column architecture

Results

The performance of the wafer scale sensor are in line with simulated values and with
the results obtained from a previous test structure. Thanks to a digitally programmable
stage the gain be varied from 16 uV/e- and 90 uV/e-. Measured noise ranges from 52
e- rms to 89 e- rms depending on gain.

Full well with lower gain is ~30 ke- while it drops to 6.1ke- with the highest gain
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The wafer scale sensor has been tested in a JEOL-1400 electron microscope
(see figure 8) and a suitable housing (see figure 9).

Figure 10 — Quantum C100 vacuum housing

Figure 9 — Electron microscope set-up
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Figure 12 — MTF and DQE

Figure 11 — 100keV electrons single events
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Figure 13 — Rosalind Franklin Picture taken with Figure 14 — Image of bacteriophage with C100 using 100keV electrons and its
C100 sensor complete structural model
(https://en.wikiversity.org/wiki/WikiJournal_of Science/Structural_Model_of Bacteriophage T4
Conclusi |

Quantum C100, wafer scale CMOS image sensor, is optimised for cryo-electron
microscopy at 100keV. The measured DQE and MTF proves the excellent performance
of C100, which will go into production in the second half for 2025.
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