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Indirect Pulsed Time of Flight

. = 1. Pulse of light is sent by the Camera

2. Pulse of light is returned from the target

Sl ] 3. Returning light is truncated by the shutter
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4. Pixel response corresponds to imaged depth
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A Novel Fast Shutter Mechanism



PPD with a VOD shutter

Potential Cross-Section

p+ N PPD p- well n-epll n substrate

*PPD — Pinned Photodiode
*VOD - Vertical Overflow Drain A
*VCCD — Vertical CCD (Storage Area)
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Standard CCD pixel exposure
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Fast shutter exposure
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Waveforms and controlled parameters
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Fast shutter exposure has more
parameters...



Fast Shutter Characterization



Experimental setup

Fast Shutter Exposure
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Typical shutter response function
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* Transition time 10%<>90% ~1.5ns

e Shutter contrast ~1:100

Mon dessin ne représentait pas un chapeau. il représentait
un serpent boa qui digérait un éléphant

Jai alors dessiné
lintérieur du serpent boa, afin que les grandes personnes puissent
comprendre. Flles ont toujours besoin d explications
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Quantum Efficiency

1. Measure the imager QE in standard Rpulsed
: , QE = QEcw -
operation - QE,, , in standard setup. pulsed cw R of
TG M 14 , : , , :
RST [
1.2F }
Hum.
o
2. Measure the sensor response with a — 4 [—l\—.—)ﬁé_;
pulsed source and shutter turned off — R 2
<
— — 0.8
G _| | Ll
g
Sub @ 06
Hlum. =
. I
3. Measure the sensor response with a o 04
pulsed source and fast shutter - R, .q
— 0.2
G | L
Mum., —1 1 15
Time [ns]

IToF Workshop - 2014 11



Shutter Signal Propagation

- Concentric Type #2 - Linear Type #3 - Instantaneous

Fall
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P ixe ‘ to P ixe | Ti m i n g Shutter Form, Adjacent Pixels

Certain sensors exhibit timing variations between
adjacent pixels in the shutter falling edge ﬁ>

Response
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Electron arrival times may differ due
to process / voltage variations

iy
“Fast Diode” J Shutter Form, Adjacent Pixels

“Slow Diode” ]

electron velocity plots

Response

Falling edge uniformity can be fixed by better ®
photodiode design or higher voltage

~50ps Variations “~——
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Contrast Ratio

Contrast Ratio Map

Shutter Form
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Dark Current Buildup

Pixel response [e7]

600

500

I
o
o

w
o
o

N
o
o

100
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* Lado Filipovic (2012) Topography Simulation of Novel Processing Techniques (Doctoral dissertation)

Dangling bonds at the Si — SiO, interface”
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summary

* A very mature mechanism that can be utilized for ToF imaging
* There are many potential image sensors with various traits

* Several new parameters that have to be characterized

* New sensor-level characterization techniques are required

* Deep understanding of the pixel design and low-level characterization
is crucial and can lead to better ToF imagers
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