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* CORUSCANT and POD-RACING

— Pretty cool Racetrack device
— Let’s make it do PIM

e Sustainable Computing

— We’re at Post Moore crossroads
— Let’s make machines that address sustainability metrics
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Access Speed ~1ns
&Y Energy per write 0.1pJ
Area per Cell ~2F2
Property Non-Volatile Memory
Biggest Challenge Shifting Latency

Transverse read — Count the Number of 1’s

WWLO-l RWL, ‘/.: - Lreaa 4&46 m
| ‘ t ‘ | I 2nm free layer
t 1nm of MgO
- I 2nm fixed layer
BLB
Transverse Read, TNANO, 2022 Multi-domain MTJ: arXiv: 2205.12494
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DWM Architecture
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Transverse Read Distance
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CORUSCANT: Addition
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Articulating the Sustainability Problem
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Energy & GWP

Indifference Point Analysis Evaluation

[ ]
w
o

Make Comparisons

— Absolute evaluation is still hard
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* Borrow from Economics ;
In the context of computing systems e
*Time to amortize initial manufacturing investment e ey

+ Indifference Analysis:

Time (t,) when there is no difference in cost between two alternatives

- Break Even Analysis:
Time (tz) when new system will reach the same energy consumption of the
system it will replace
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Gf'eenChip https://github.com/Pitt-Jones-Lab/Greenchip
Full System Y Main Memory Y SSD
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Holistic Energy & GWP Evaluation
Indifference and/or Break even Analyses

Scenario &
Grid Mix

D. Kline, et al., “GreenChip: A tool for evaluating holistic sustainability of modern computing systems,” Sustainable
Computing: Informatics and Systems, Vol. 22, 2019, pp. 322-332, https://doi.org/10.1016/j.suscom.2017.10.001



Extending NVSim with Sustainability Metrics

* Combine with parameterized model to determine cost and
environmental impact data for arbitrary memory design

7
Extra Steps for a7
Forming MTlJs - - -

— CMOS end Litho-Etch Deposition Litho-Etch (MTJ forming)
CoFeB C :
=/ —]
CoFeB
CoFe —p - —p
Pt-Mn . ers ore
Litho-Etch Deposition CMP Deposition
£ > Three extra "thogr aphy steps |. Bayram, et al, "Modeling STT-RAM fabrication

» One for MTlJs, two for dedicated metal layers SRR RN ER oA [2
» Multiple materials required to form MTJ (CVD)

Alex Jones: akjones@pitt.edu . . .
» Multiple etching chemicals and sequences



Inference Breakeven Comparison

Breakeven Point: Energy Breakeven Point: Energy  pays Years
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Training Indifference Comparison

Indifference Point: Energy Indifference Point: Energy pays
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Grid Mix Impact

Indifference Plot Carbon Indifference Plot Carbon Days Years
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Reading List

* CORUSCANT — MICRO, 2022
 POD-RACING — IEEE Micro Mag, Nov./Dec 2022

e Sustainable Al Processing at the Edge — IEEE Micro Mag, Jan.-
Feb. 2023

e Dark Silicon Considered Harmful — IGSC 2018

* Considering Fabrication in Sustainable Computing — ICCAD
2013

* GreenChip -- SUSCOM, 2019
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