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Introduction and background

HI as a path towards sustainability

Better yield with 

smaller chiplets

“Mix and match” 

technology nodes

Chiplet reuse 

across systems

Prior work and our contributions

ACT: Architectural carbon modeling tool [Gupta et. al. ISCA 2022]

• Modeled embodied carbon 

• Assumed constant packaging overheads 

Our key contributions:

• Proposed heterogenous integration (HI) for sustainability

• Developed a tool for CFP analysis for heterogeneous systems

• Developed CFP models for advanced packaging technologies

• Developed CFP models for design

What is HI? Multiple chiplets  manufactured individually and 

integrated into a single advanced package to sustain Moore’s law

Sustainable computing via HI

ECO-CHIP framework: Total CFP model

Technology nodes of 

individual chiplets

ECO-CHIP: Embodied CFP models Key results and conclusion

[Source] Apple 

sustainability reports

𝑪𝒎𝒇𝒈 = 𝑪𝑭𝑷𝑨 (𝑫𝒊𝒆 𝒂𝒓𝒆𝒂 +𝑾𝒂𝒔𝒕𝒆𝒅 𝒂𝒓𝒆𝒂)

𝑪𝒅𝒆𝒔 = 𝒕𝒅𝒆𝒔 × 𝑷𝒅𝒆𝒔× 𝑪𝒔𝒓𝒄

𝒕𝒅𝒆𝒔 =
𝒕𝒗𝒆𝒓𝒊𝒇 + 𝒕𝑺𝑷&𝑹 + 𝒕𝒂𝒏𝒂𝒍𝒚𝒛𝒆 ×𝑵𝒅𝒆𝒔

𝜼𝑬𝑫𝑨

SCAN ME: ECO-CHIP

𝑪𝒐𝒑 = 𝑪𝒔𝒓𝒄,𝒖𝒔𝒆 × 𝑬𝒖𝒔𝒆

• 40% CFP reduction with 

chiplet disaggregation

• 36% CFP reduction with 

mix and match of 

technology nodes 

• Up to 80% design CFP 

reduction with 

increased chiplet reuse

• ECO-CHIP analyzes CFP 

of heterogeneous system 

• Advanced heterogeneous 

packaging architecture 

CFP overheads modeled

• Design CFP modeled

Open-source code

𝑪𝒕𝒐𝒕 = 𝑪𝒆𝒎𝒃 + 𝒍𝒊𝒇𝒆𝒕𝒊𝒎𝒆 × 𝑪𝒐𝒑

𝑪𝒆𝒎𝒃 = 𝑪𝒎𝒇𝒈 + 𝑪𝑯𝑰 + 𝑪𝒅𝒆𝒔
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Reuse Factor

• The information and computing technology (ICT) industry 

contributes to 3-5% of the world’s total carbon footprint (CFP) 

• The industry has focused on optimizing power, performance, 

and area of chips but has neglected environmental impacts

• Embodied CFP has increased over time due to:

• Lower yields in newer technology nodes

• Increased time required for design closure

Lifecycle of silicon chips
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Manufacturing CFP:

Design CFP:

Packaging CFP (HI overheads):

40% reduction

Upto 80% 

reduction

Number of chiplets
Redistribution layer

(RDL) fanout
Silicon bridge

Passive/active interposer 

package
3D chiplet stacking

𝑳𝑹𝑫𝑳 × 𝑬𝑷𝑳𝑨𝑹𝑫𝑳 × 𝑪𝒑𝒌𝒈 × 𝑨𝒑𝒂𝒄𝒌𝒂𝒈𝒆

𝒀𝒊𝒆𝒍𝒅(𝑹𝑫𝑳)

𝑵𝒃𝒓𝒊𝒅𝒈𝒆 × 𝑳𝒃𝒓𝒊𝒅𝒈𝒆× 𝑬𝑷𝑳𝑨𝒃𝒓𝒊𝒅𝒈𝒆 × 𝑪𝒑𝒌𝒈 × 𝑨𝒃𝒓𝒊𝒅𝒈𝒆

𝒀𝒊𝒆𝒍𝒅(𝒃𝒓𝒊𝒅𝒈𝒆)

𝑵𝑻𝑺𝑽,𝒃𝒖𝒎𝒑,𝒃𝒐𝒏𝒅 × 𝑬𝑷𝑳𝑨𝑻𝑺𝑽,𝒃𝒖𝒎𝒑,𝒃𝒐𝒏𝒅 × 𝑪𝒑𝒌𝒈

𝒀𝒊𝒆𝒍𝒅(𝟑𝑫)
Modeled as an additional die
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