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3Introduction. Dynamic Vision Sensor

 It removes redundant data.

◼ Low power consumption (≤ 100 mW).

◼ High temporal resolution (∼ 𝜇s).

 Autonomous pixels.

◼ Low latency (< ms).

◼ High intra-dynamic range (∼ 120 dB).

Benefits

a) Abstracted pixel core schematic

b) Principle of operation

[1] P. Lichtsteiner, C. Posch, and T. Delbruck. “A 128 × 128 120 dB 15 𝜇𝑠 Latency Asynchronous Temporal Contrast Vision Sensor”, IEEE Journal of Solid-State Circuits, vol. 43, 

no. 2, pp. 566 − 576, 2008.
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 Unconventional space-time output.

◼ Asynchronous events.

◼ Sparse data.

 Limited to low matrix resolutions.

◼ Power consumption.

◼ Small Fill Factor.

 Limited by noise and mismatch.

◼ Generation of fake events.

Challenges

Introduction. DVS in Industry
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[1] P. Lichtsteiner, C. Posch, and T. Delbruck. “A 128 × 128 120 dB 15 𝜇𝑠 Latency Asynchronous Temporal Contrast Vision Sensor”, IEEE Journal of Solid-State Circuits, vol. 43, 

no. 2, pp. 566 − 576, 2008.

[2] A. Niwa et al., "A 2.97μm-Pitch Event-Based Vision Sensor with Shared Pixel Front-End Circuitry and Low-Noise Intensity Readout Mode," 2023 IEEE International Solid-State

Circuits Conference (ISSCC), San Francisco, CA, USA, 2023, pp. 4-6, doi: 10.1109/ISSCC42615.2023.10067566.

Alternative DVS architecture proposed by SONY ISSCC2023. [2]

Introduction. DVS in Industry

a) Abstracted pixel core schematic

b) Principle of operation
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a) Abstracted pixel core schematic

b) Principle of operation

Introduction. DVS in Industry

Alternative DVS architecture proposed by SONY ISSCC2023. [2]

[1] P. Lichtsteiner, C. Posch, and T. Delbruck. “A 128 × 128 120 dB 15 𝜇𝑠 Latency Asynchronous Temporal Contrast Vision Sensor”, IEEE Journal of Solid-State Circuits, vol. 43, 

no. 2, pp. 566 − 576, 2008.

[2] A. Niwa et al., "A 2.97μm-Pitch Event-Based Vision Sensor with Shared Pixel Front-End Circuitry and Low-Noise Intensity Readout Mode," 2023 IEEE International Solid-State

Circuits Conference (ISSCC), San Francisco, CA, USA, 2023, pp. 4-6, doi: 10.1109/ISSCC42615.2023.10067566.



7Introduction. A Photovoltaic Receptor

 𝑉𝑜𝑐/𝐼𝑠𝑐        highest voltage/current available from the photocell.

◼ 𝐼𝑠𝑐 ∝ 𝐼𝑝ℎ

◼ 𝑉𝑜𝑐 ∝ ln 𝐼𝑝ℎ
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[3] Ni, Yang & Zhu, Yiming & Arion, Bogdan. (2011). A 768x576 Logarithmic Image Sensor with Photodiode in Solar Cell mode. 10.13140/2.1.3309.9526.

[4] R. Fragasse et al., "Signal and Noise Analysis of an Open-Circuit Voltage Pixel for Uncooled Infrared Image Sensors," in IEEE Transactions on Circuits and Systems I: Regular

Papers, vol. 68, no. 5, pp. 1827-1840, May 2021, doi: 10.1109/TCSI.2021.3068595.

A Photovoltaic Receptor for HDR imaging. [3] A Photovoltaic Receptor for IR applications. [4]

Introduction. A Photovoltaic Receptor
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Steady-State



10

Contrast Sensitivity

PV diode suitability for EBS. Temporal Response
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Bandwidth

PV diode suitability for EBS. Frequency Response
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Bandwidth

PV diode suitability for EBS. Frequency Response
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Noise Performance

Spot Noise KT/C Noise

𝒇𝒎𝒂𝒙 → ∞𝒇𝒎𝒂𝒙 → 𝟎

𝟒𝒒𝑰𝒑𝒉

PV diode suitability for EBS. Frequency Response
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𝑰 𝑰𝑰 𝑰𝑰𝑰 𝑰𝑽

𝑰. Photovoltaic Diode.

𝑰𝑰. PMOS Source Follower.

𝑰𝑰𝑰. Change Amplifier.

𝑰𝑽. 2-Staged OTA comparators.

Understanding PVDVS. PVDVS Architecture
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𝑰 𝑰𝑰

𝑰 𝑰𝑰

𝑰. 𝐵𝑊𝑃𝑉 < 𝐵𝑊𝑆𝐹 , 𝐵𝑊𝑑𝑖𝑓𝑓

𝑰𝑰. Ileak ↑↑
@𝟏𝟎%𝐓𝐂

Understanding PVDVS. Experimental Results
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𝑰. 𝑆𝑁𝑅 ↓↓

𝑰𝑰. 𝑆𝑁𝑅 ↑> 𝐼𝑙𝑒𝑎𝑘 ↑

𝑰𝑰𝑰. Ileak ↑> 𝑆𝑁𝑅 ↑

𝑰𝑽. Ileak ↑∼ 𝑆𝑁𝑅 ↑

𝑽. Ileak ↑↑> 𝑆𝑁𝑅 ↑ (DR)

𝑰 𝑰𝑰 𝑰𝑰𝑰 𝑰𝑽 𝑽

𝑰 𝑰𝑰 𝑰𝑰𝑰 𝑰𝑽 𝑽

Understanding PVDVS. Experimental Results
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𝑰. 𝑆𝑁𝑅 ↓↓

𝑰𝑰. 𝑆𝑁𝑅 good enough

𝑰𝑰𝑰. Ileak ↑↑

𝑰 𝑰𝑰 𝑰𝑰𝑰

Understanding PVDVS. Experimental Results

𝑰 𝑰𝑰 𝑰𝑰𝑰
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Photodetection + Log. Compression in a single, self-biased device.

▪ Reduced pixel pitch and power consumption.

▪ Static power consumption independent on illuminance.

▪ Simultaneous operation in shared-diode configurations (DAVIS, ATIS).

Noise power is reduced to 2 × the fundamental photon shot noise 
limit,

▪ Improving SNR.

▪ Expanding DR.

without additional power consumption.

Higher integrated capacitance as there is no longer a feedback loop.

▪ Reduced integrated noise.

▪ Reduced bandwidth.

Implementation limits pixel Fill Factor in 2D process.

▪ Mandatory Deep N-well layer.

☺



High resolution, 
HDR, Energy-

efficient, low noise 
applications

3D stacking, 
moderate speed 

applications

☺

☺

Conclusions. Assessment of Pros and Counters



22Conclusions. Acknowledgements

THANK YOU SO MUCH!

どうもありがとうございます！ 何か質問はありますか？

ANY QUESTION?
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BACK-UP SLIDES
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[1] Ni, Yang & Arion, Bogdan & Bouvier, Christian. (2015). Logarithmic InGaAs detectors with global shutter and active dark current reduction. 
10.1117/12.2176392.

 Active dark current reduction structure that enable solar cell mode at room 
temperature without sensitivity loss.

Back-Up. PV Diode. Alternative Structures



25Back-Up. PV Diode. Steady-State Response



26Back-Up. PV Diode. Contrast Sensitivity



27Back-Up. PV Diode. Bandwidth



28Back-Up. PV Diode. Noise Performance



29Back-Up. PV Diode. Signal-to-Noise Ratio



30Back-Up. PV Diode. Implementation

DRC rules:

• Deep Nwell minimum distance to unrelated Nwell ∼ 2.5 μm .

• Nwell minimum distance to NW at different potential ∼ 1 μm .



31Back-Up. PVDVS. TC Sensitivity

𝟎% 𝟏% 𝟓%

𝟏𝟎%

𝟓𝟎 mlx

∼ 𝟏𝟎 lx
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𝐵𝑊𝑠𝑓 ≫ 𝐵𝑊𝑑𝑖𝑓𝑓,𝑚𝑖𝑛 ∼ [0.5, 60] Hz

𝑰. 𝐵𝑊𝑃𝑉 < 50 Hz

𝑰𝑰. Ileak ↑↑𝑰 𝑰𝑰

Back-Up. PVDVS. Background Activity Noise
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Noise Performance

Back-Up. Integrated PSD
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Noise Performance

Spot Noise

𝒇𝒎𝒂𝒙 → 𝟎 𝒊𝒏
𝟐 = 𝟒𝒒𝑰𝒑𝒉

Back-Up. Spot Noise



35Back-Up. Photoreceptor Stage. Mismatch

PV Diode
Photodiode

+

Logarithmic Photoreceptor

𝑉𝑜𝑐 = 𝜂𝑈𝑇log
𝑰𝒑𝒉

𝑰𝒔
+ 1 𝑉𝑝𝑟 = 𝑉𝑔,𝑓𝑏 − 𝑽𝒕𝒉,𝒇𝒃 − 𝜂𝑈𝑇log

𝑰𝒑𝒉 + 𝑰𝒔

𝑰𝒔,𝒇𝒃

Independent of device’s area.

• Low mismatch → High uniformity.
☺ Dependent on 𝑉𝑡ℎ and devices’ area.

• High mismatch → Poor uniformity.

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