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Growing impact of smartphone image sensors

𝐺𝑈𝑠𝑒 = 𝑇𝑙𝑜𝑐 𝑃𝑈𝑠𝑒𝑡𝑈𝑠𝑒 + 𝑃𝐼𝑑𝑙𝑒𝑡𝐼𝑑𝑙𝑒

Electric carbon intensity 
at the use location

kgCO2e/kWh)

IMX 582 VD1940

Vendor SONY ST Microelectronics

Fab location Japan France

Silicon area per layer 34mm2 (est.) 35mm2

Node 1 (sensor) 65nm 65nm

Node 2 (logic) 45nm 45nm

Fabrication impact of sensors with similar 

characteristics, constructed in different locations

➔ influence of the energy mix at the factory.

The incorporation of 3D stacking technology 

amplifies GWP of the device by more than double.

For context, the estimation from Fairphone 4 LCA 

is 3.6 times lower for the same sensor.

Model for fabrication phase

Model for use phase Results

Total GWP for scenarios with the same sensor:

• security camera active 24/7

• smartphone camera active 15min/day

➔ GUse is negligeable for smartphones sensors.

For devices that remain continuously active:

➔ the local energy mix has a significant impact.

Use phase accounts for the electrical energy used during image capture (Use power) and when 

the device is powered up but not in use (Idle power). 

The GWP is determined by the total energy consumption of the device, which is then weighted 

according to the energy mix specific to the location where the device is used.

    

Excerpt from IMX576 datasheet

iPhone15 pro max

credit: Creative Electron for iFixit
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Use phaseEnd-of-life

Around 1.4 billions smartphones produced each year

source: Gartner/Statista
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𝐺𝐹𝑎𝑏 = 𝑆 ⋅ 𝐾𝑛𝑚 + 𝐸𝑛𝑚 ⋅ 𝑇𝑙𝑜𝑐
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Ancillary Carbon Impact
Blank silicon wafer

Chemicals and materials
Gas emissions
(kgCO2e/mm2)

Excerpt from IMX576 datasheet

G = 𝐺𝑈𝑠𝑒 + 𝐺𝐹𝑎𝑏 + 𝐺𝐸𝑂𝐿
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Rise of 3D technologies and global warming

Source: Hitachi 9X layer 3D NAND flash memory (2020)

1 to 300 layers (typ.128)

1 to 16 dies

(typ. 4)

https://hal.science/hal-04632499

3D stacking technologies increase the 

total silicon area of an integrated circuit.

Same apparent package size, but multiple 

times the impact compared to 2D devices.

Example: Flash storage Ics: 

Advanced sensors use stacking of 2 dies:

• Sensitive surface (pixels) on the top

• Control and processing below

➔ Twice the carbon footprint per surface unit

Carbon footprint of SSDs relative to their capacity

Image sensors

source: Pirson (2023)

Scarce data from semiconductor manufacturers

Public information in databases and publications:

• Large discrepancies in results (up to 7x)

• Technology dependent: increase of carbon 

impact with more advanced technologies.

Proposed model for fabrication

• Proportional to silicon area

• Localize electrical power consumption

• Can adapt to available information

• Suited also for other types of ICs

Streamlined Models of CMOS Image Sensors Carbon Impacts
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Increased number of sensors ➔ more silicon surface

In the meantime, silicon area of SoC remains stable

Life Cycle Analysis (LCA)

https://hal.science/hal-04632499
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