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The future of computing

Bits

+ Neurons

+ Qubits

Dario Gil, IBM Research
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• Scalability challenges to address 

path to the angstrom era

• Scalability challenges to address 

high density and high aspect ratio 

patterning

Logic DRAM

• Scalability challenges to address 

high aspect ratio patterning to 

reach 1000-layer 3D NAND 

structures

NAND

“The future depends on what we do in the present”
Mahatma Gandhi

The present of computing is addressing already critical challenges to overcome the complexity of three leading technologies:
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Semi industry suffering from its own complexity

•  Lower profitability due to Yield issue

•  Highly demanding technologies for resource and waste

MANUFACTURING COST

CARBON FOOTPRINT

•  Longer development time to meet specification

• Capability gap increasing between academia 

infrastructures and leading edge fabs

TIME TO SOLUTION

EDUCATION
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Lead the evolution of the 
semiconductor digital 

ecosystem with software, 
platforms, and products to 
accelerate innovation and 
create opportunities for 

collaboration in an era of 
complexity

Semiverse  Solutions Mission
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SEMulator3D® process modeling & virtual fabrication

Layout 

(i.e. Blueprint 

of your chip)

Process 

Sequence

• Step-by-Step 

Process

• Behavioral 

Description

Virtual Fabrication

Modeling Engine

SEMulator3D®

3D Result

• Predictive

• Accurate

• Fast
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SEMulator3D® beyond process modeling - a fab digital twin
Actual fab activities

Process integration (Reticle + Process) Inline Control Metrology End Of Line Probing→ Yield reportInline or EOL Failure Analysis

SEMulator3D® virtual processing

AFM

Line-to-Line

CD

Step
Sidewall

Angle

Film Thickness

SEMulator3D® virtual metrology SEMulator3D® RC, 3D DRCSEMulator3D® virtual X-Section

Virtual fab twinning capabilities
1:1 Pairing

1:1 Matching
1:1 Matching

Virtual Proxy 

correlation to Actual 

Yield
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SEMulator3D® value proposition

Higher 

Manufacturing Yield

Faster Time to 

Solution

Carbon Footprint 

Reduction

Education Access
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Manufacturing: yield loss prevention

Solution: Virtual 3D Design Rule Check Solution across a large layout domain

Problem Statement: Classical 2D DRC on new product designs do not cover 3D process-design related issues

Gate to Source/Drain SiGe Mold Residue

S/D

Epi

RMG

S/D

Contact Si 

Nanosheet

Gate Short

SiGe Mold 

Remaining

Clip 25

No Gate Short SiGe Mold Removed

3D modeling across 

multiple layout areas

3D failure detection in the 3D models –

layout report

Virtual data 

correlation

Process change fix tested and confirmed 

on the full layout

Industry avoiding 10s of yield-limiting failures in HVM thanks to systematic virtual 3D-DRC
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SEMulator3D® value proposition

Higher 

Manufacturing Yield

Faster Time to 

Solution

Carbon Footprint 

Reduction

Education Access
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Development: faster time to solution

Solution: Virtual 3D prototyping of process integration that analyzes all critical process steps and specifications

Problem Statement: Development time for new architectures requires years of experimental work to analyze and solve all the 

process integration risks

Highest (above) and lowest (below) elevated 
layers: Silicon replacement by conductive 

material

Technology virtual prototype Patterning requirement and specification

Industry saving ~30% of learning cycle time by making strategic decisions on process and integration development 
based upon learning from virtual studies

B. Vincent et al, Semicon Korea 2022
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Carbon footprint reduction

T
O

N
s
 C

O
2

∑ of CO2 Equivalent for a Simulation

• Methodology developed by Lannelongue et al. 

– Energy required to run the algorithm

– Pollutants emitted when producing such energy

– CO2 equivalent = power consumption × carbon produced based on 

local grid

• PLUS physical experimentation & silicon required to 
calibrate 

∑ of CO2 Equivalent for Experiment 

• imec.netzero v2.0 — IC chip footprint calculator developed 
by imec

• IPCC tier 2c methodology for process gases

• S23 energy consumption reports

• Proprietary Lam Research lab eco sensors

vs

Carbon footprint of both physical experiments and 

simulations are dominated by silicon processing 

M. Coogans et al, Semicon Taiwan 2024

W. T. Osowiecki et al, IEEE Transactions on Semi Manufactur ing 2024 
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Education access

Virtual semiconductor fabrication allows students to practice and work on (virtually) process development of 
leading-edge technologies 
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The Future belongs to those who prepare for it today

Malcolm X
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High aspect ratio etch: stress deformation structures 

bending

High aspect ratio etch: Si grass (Black Si) formation on 

large open areas

Some technical challenges ahead of us 
(and already prepared)

Process optimization path 

identified by virtual 

fabrication to reduce the 

formation of black Si. 

Deformation of the layer stack tracked after each process of a patterning step -  

downstream impact of potential failures are proactively analyzed

Lam Research continues to provide new capabilities in 
virtual semiconductor fabrication to address future 

critical technical challenges
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Conclusions

Future semiconductor development will be even more complex 

than today's already complex process

The industry will require computing (virtualization) to enable the 

future of computing and tackle a wide range of challenges:

• At the manufacturing cost level

• At the development time-to-solution level

• At the environmental impact level

• At the educational access level

Lam Research’s Semiverse  Solutions has developed and 

continues to develop innovative solutions (including the  

SEMulator3D® virtual semiconductor fabrication platform) to 

address these different challenges
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