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Rolling Shutter vs Global Shutter pixels

RO”mg shutter Readout at higher speed
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4x lower skew but:

« 4x less signal per exposure
* No synchronization -> Flash

Challenges:
* Motion artifacts — skew
* Speed limitation
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Rolling Shutter vs Global Shutter pixels

Global Shutter

Pipeline operation:

<

Exposure Time Frame Readout Time WM

Thn;

Flash can happen here

Applications:

« Snapshot and short exposure time;
 Structured light projection => depth;
« Background subtraction;
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CDS In Image sensors

« Cancels or reduces some noise (KTC, 1/f [l

and offset). N N |
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* Pixel reset and pixel signal are stored,; ‘

 Difference is computed — the result is the |
elective number of generated e-;

 Extracts the background noise from the
radiation sources,

« CDS can either be analogue, digital or
both processes combined.
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Radiation effects iIn MOSFETs
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TID effects on MOSFET devices.

TID effects in MOSFET’s:

» Vth shift in NMOS;

» Vth shift in PMOS;

» Increase of leakage currents;
» Degradation of |;

> Increase of 1/f noise;
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Figure 1: [1] As indicated by the arrows, two
possible leakage paths in a shallow-trench isolation

Gate to Source Voltage (V) technology.
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CMOS devices under radiation

« RHBD FET designs to mitigate the TID effects

H MOSFET [2] ButterFly FET [3][4] ELT FET [3][4]
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10um Global shutter pixel design
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Voltage Domain Global Shutter Pixel: a) Schematic and b) Layout

_1Pixel cap Sensor area
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Experimental Results
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Experimental results

Pre-rad vs 1IMGy TID PTC graph PRC - PRE-RAD vs 1MGy + HTA
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Experimental results (2)

Dark Signal - Pre-Rad vs 1IMGy vs 1IMGy+HTA
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Pixel Performance

Conversion Gain (K) 5,034 4,1 uVie-
Dark Current? 57,5 286,6 e-/s
Dynamic Range 49,3 43,4 dB
Temporal Dark noise 59,6 74,2 e-
FWC 17444 10981 e-

Lat room temperature — 20C
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Conclusion

* The presented Voltage Domain Pixel design can withstand TID effects up to 1IMGy
(SIO,).

* The noise performance is yet to be improved,;

« Dark current increases but is significantly mitigated by the RHBD techniques
Implemented,;

* Pixel timing optimisation yet to be concluded,;

* Integrated electronics (RHBD ADC'’s and readout electronics) can improve even
further the pixel performance.

« Charge Domain Pixel designs suffer from the same issues, being expected similar
degradation;
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