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Fabrication: Embodied emissions
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𝐶 = 𝑆 ⋅ 𝑘𝑛𝑚

▪ How do we estimate embodied carbon footprint of a CPU?

IMEC Netzero model
1.56cm²

2kgCO2e

1.3kgCO2e/cm²
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Binning: different products, same die
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AMD Ryzen 7 4700G

• 8 Cores

• Clock 3,6GHz

• TDP: 65W

AMD Ryzen 3 PRO 4450U

• 4 Cores

• Clock 2,4Ghz

• TDP: 24W

• 156mm²

• 7nm
• 156mm²

• 7nm

2kgCO2e 2kgCO2e

=?

« Low end » « High end »
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Computing carbon emissions
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Source: Powering sustainable AI – Accenture 2025

Source: Data Center Semiconductor Trends – Yole 2025

Lower carbon electricity ➔ Higher relative impact of ICs
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Dataset

▪ Dataset exploration
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▪ Binning clusters?
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Binning process
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?

Production line

Test & Validation

4 cores OK 8 cores OK

OK @3GHz

OK @4GHz

Low end

product

High end

product

« Bins » ➔ different product references
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CPU co-production
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AMD 156mm², 7nm serie (36 products) Carbon footprint: identical for all products
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Carbon allocation
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▪ Current methodology

▪ No allocation

▪ Low-end is a waste

▪ Misses the point

▪ The culprit is high-end

▪ A bit extreme

▪ More impact for high-end

▪ Follows performance
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Proposed  allocation (MIPS)

▪ Match the progression 
observed with series average
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𝑘𝑔𝐶𝑂2𝑒

MIPS

CPU1 CPU2 CPU4CPU3 CPU5
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Proposed  allocation (MIPS)

▪ Match the progression 
observed with series average
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𝑘𝑔𝐶𝑂2𝑒

MIPS

CPU1

CPU2

CPU4

CPU3

CPU5
« Tilt »
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“Tilt” allocation model
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𝐶𝑖 = 𝐶𝑎𝑣𝑔 ⋅
𝑀𝐼𝑃𝑆𝑖
𝑀𝐼𝑃𝑆𝑎𝑣𝑔
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Results
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MIPS metric

▪ Simple to calculate

▪ Objective
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▪ How about CPU efficiency?

IPC

Cache

Pipeline

…
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Other metrics
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Generalized formula:

𝐶𝑖 = 𝐶𝑎𝑣𝑔 ⋅
𝐾𝑖
𝐾𝑎𝑣𝑔

𝐾𝑖: bin-value

Relevant metrics

• MIPS

• Benchmark score

• Launch price

• … ?
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Results (Price)
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Gaussian yield
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More MIPS

Higher price

Probability

@𝐾3

Yield of

Bin 3

Bin 0 Bin 3 Bin 4Bin 2Bin 1

𝜇 =
𝐾𝑚𝑖𝑛 + 𝐾𝑚𝑎𝑥

2
𝜎 = 0.39 ⋅ Δ𝐾

(10% loss)

𝐶𝑖 = 𝐶𝑎𝑣𝑔 ⋅
𝐾𝑖

σ𝐾𝑖 ⋅ 𝑌𝑖

Bin yield

Garbage“Tilt-yield”

Bins don’t have the same size !

« Low end »

« High end »
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“Tilt-yield” Results

18

“Tilt-yield” model:

• Sensitive to yield hypothesis

• Depends on series distribution
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“Tilt-yield” Results
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“Tilt-yield” model:

• Sensitive to yield hypothesis

• Depends on series distribution
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Take-away
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We propose new models for CPU embodied carbon

“Tilt” model: operational model for IC co-production

Available results: https://gitlab.insa-rennes.fr/esos/cpuallocation

Extensible to other circuits:

• GPUs

• FPGAs

• NPUs ?

https://gitlab.insa-rennes.fr/esos/cpuallocation
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Price is MIPS
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Correlation: 0.84 Correlation: 0.17
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Cross-allocation
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