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A silicon die is a small, rectangular or square piece of
How Does a

semiconductor material (silicon) that forms the foundation of
Silicon Die Work?

integrated circuits (ICs) (/glossary/what-is-integrated-circuit.html).
The die serves as the physical substrate upon which circuits

Benefits of

Silicon Dies (digital or analog) are fabricated, housing millions or billions of
transistors, resistors, capacitors, and other components. These

Silicon Dies and integrated circuits on the silicon die are what power virtually all

Synopsys modern electronic devices, from smartphones and laptops to data

. centers and advanced Al systems.
Synopsys Multi-

Die Solutions

Frequently Asked
Questions About The process of creating a silicon die begins with the manufacturing of a
Silicon Die large circular wafer, usually eight to twelve inches in diameter, composed of

ultra-pure silicon. This wafer undergoes a series of sophisticated
photolithography and etching processes to imprint intricate and
microscopically small circuit patterns. Once the wafer is fully processed, it
is cut into many individual dies, each containing a complete copy of theASK
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YRt

f/%mw H%%Qﬁag&gf microprocessors, memory chips, and other
semiconductor devices.

Silicon dies are not only the basis for monolithic (single-process) chips but
also play a central role in emerging multi-die (/blogs/chip-design/what-is-
multi-die-chip-design.html) and chiplet-based architectures
(/glossary/what-are-chiplets.html). By integrating multiple dies, each
optimized for specific functions, into a single package, designers can
achieve greater performance, flexibility, and scalability compared to
traditional single-die solutions. In a multi-die architecture, dies can be
placed side by side on the package or stacked vertically.

How Does a Silicon Die Work?

To understand how a silicon die works, it's helpful to break down the
process from raw material to a functional integrated circuit.

Fabrication Process

The journey begins with the creation of a silicon wafer, which is sliced from
a large (multiple feet long), single-crystal silicon ingot. These wafers
undergo a long and complex series of photolithography steps, where circuit
patterns are transferred onto the wafer using light-sensitive chemicals and
masks. Each layer corresponds to different circuit elements, such as
transistors, interconnects (wires connecting transistors), and insulating
regions. Through repeated layering, etching, doping, and deposition steps,
the wafer gradually builds up the complex, three-dimensional structures
required for modern integrated circuits.

Dicing and Packaging

Once fabrication is complete, the wafer contains hundreds or thousands of
identical circuits. The wafer is then cut, or “diced,” into individual silicon
dies. Each die is rigorously tested for defects using both software and
hardware testing methods, and only those that meet detailed, stringent
quality standards proceed to the next stage. The selected dies that pass all
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t%‘ ﬁrﬂijgrg kaged, encapsulated in protective material, and equipped
w(lpi(peﬁ%w )g;%bg%_ggpﬁ (such as wire bonds or solder bumps) that allow

them to interface electrically with other components on a circuit board.

Operation in Devices

When installed in a device, the silicon die acts as the computational engine
or memory store. Electrical signals travel through the microscopic
transistors and wiring on the die, enabling everything from basic
calculations to complex neural-network Al inferencing. In advanced
systems, multiple dies may be integrated in a single package (multi-die or
3D-IC technology (/glossary/what-is-3dic.html)), allowing for
heterogeneous integration by combining processor, memory, and
specialized accelerators (such as graphics) in a compact format.

Evolving Role in Multi-Die and Chiplet Systems

In the past, a single silicon die would encapsulate all functions of a chip.
Today, with the advent of multi-die solutions, designers can partition large
and complex functionality across several dies, each fabricated using the
optimal process technology for its specific function. These dies are
interconnected using advanced packaging and high-speed interconnect
standards, such as Universal Chiplet Interconnect Express (UCle)
(/glossary/what-is-ucie.html), to create a multi-die design (/multi-die-
system.html) in a single package. This modular approach enables higher
yields, faster time-to-market, and greater customization.

- Multi-Die Start Guide

S This guide provides essential information for a
successful multi-die design. It covers the
advantages and motivating factors, as well as
key considerations and guidelines for new
projects.
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Benefits of Silicon Dies

Silicon dies are the cornerstone of the semiconductor industry, offering a
range of benefits that make them indispensable in modern technology.
Here are some of the key advantages:

« Miniaturization and Density: Silicon dies allow for the integration of billions of
transistors in a tiny footprint, some the size of a thumbnail, enabling compact,
lightweight, and energy-efficient electronic devices.

« Performance and Speed: The fine geometries (with transistor sizes in the
single-digit nanometer range) achievable on silicon dies support high-speed
operation and efficient data processing, powering everything from mobile
devices to supercomputers.

» Cost Efficiency: Mass production of silicon wafers and dies drives down the
cost per chip, making advanced technology accessible and affordable on a
global scale.

« Scalability: Silicon die technology can be scaled to accommodate more
complex circuits or higher performance requirements, supporting the relentless
progress of Moore's Law, which states the number of transistors on a silicon die
will double approximately every two years, leading to a corresponding increase
in computing power, speed, and efficiency.

« Flexibility with Multi-Die Integration: Modern packaging techniques allow
multiple silicon dies, each potentially using a different process technology, to be
combined in a single package, enhancing performance and functionality while
reducing the chip footprint. This is critical in today's mobile devices.

« Reliability: The maturity of silicon fabrication processes ensures high levels of
reliability, with rigorous quality control and advanced silicon die testing methods
during manufacturing and packaging.

» Power Efficiency: Advanced silicon dies can be engineered and optimized for
low-power operation, extending battery life in portable devices and reducing
energy consumption in data centers.

» Customization: Designers can tailor silicon die functionality, size, and cost for

specific applications, from general-purpose computing to highly specialized Al
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Benefit

Miniaturization and
Density

Performance and
Speed

Cost Efficiency

Scalability

Multi-Die Integration

Reliability

Power Efficiency

Customization

Description

Enables billions of transistors in tiny form
factors.

Supports high-speed data processing and
advanced computing.

Mass production reduces costs globally.

Supports increasingly complex designs in line
with Moore's Law.

Allows optimized functions in one package.

Mature processes ensure high quality and low
failure rates.

Enables energy savings in mobile and data
center devices.

Can be tailored to meet specific application
needs.

Silicon Dies and Synopsys

Synopsys is at the forefront of silicon die innovation, providing

comprehensive solutions that span the entire silicon lifecycle, from

architecture exploration and design to verification, manufacturing, and

reliability management of chips “in the field.” As the semiconductor industry

shifts toward multi-die and chiplet-based architectures, Synopsys offers a
Apple, Inc. v. TopWire LLC | IPR2026-00303

https://www.synopsys.com/glossary/what-is-silicon-die.html

Ex. 2012

5/11


https://www.synopsys.com/

5/19/26, 11:47 AM What is a Silicon Die? — How it Works | Synopsys

r%yﬁf“qugggm (Electronic Design Automation) (/glossary/what-is-

ekﬁ HQV/WV\% %@-@S%Q@%ion.html) and IP (Intellectual Property)
(/designware-ip.html) products to address the challenges and opportunities
of this new era.

Synopsys Multi-Die Solutions

Synopsys enables rapid, efficient multi-die integration through its platform
of tools and IR, supporting early architecture exploration, software and die
design development and validation, and streamlined die/package co-
design. Key benefits of Synopsys’ multi-die solutions include:

« Early Architecture Exploration: Tools like Platform Architect
(/verification/virtual-prototyping/platform-architect.html) help designers
optimally partition systems early in the design process, and analyze
interconnect fabrics for the best cost, performance, power, and therma
characteristics.

» Software Development and Validation: Virtual models and hybrid emulation
platforms such as Virtualizer (/verification/virtual-prototyping/virtualizer.html),
ZeBu (/verification/emulation-prototyping/emulation.html), and HAPS
(/verification/emulation-prototyping/prototyping.html) enable fast software
bring-up and verification, before the silicon die design is even complete.

» Design Implementation: Unified environments like Fusion Compiler
(/implementation-and-signoff/physical-implementation/fusion-compiler.html),
3DIC Compiler (/implementation-and-signoff/3dic-design.html), and 3DS0.ai
(/implementation-and-signoff/3dic-design.html) support feasibility exploration,
prototyping, floorplanning, design, optimization, analysis, verification, and
advanced packaging.

» Design Test and Verification: With products such as VCS
(/verification/simulation/ves.html), Formality (/implementation-and-
signoff/signoff/formality-equivalence-checking.html), PrimeTime
(/implementation-and-signoff/signoff/primetime.html), IC Validator
(/implementation-and-signoff/physical-verification.html), and TestMAX DFT
(/implementation-and-signoff/test-automation/testmax-dft.html), Synopsys
delivers a comprehensive suite of tools that simulate, test, and verify the design
correctness, functionality, timing, and manufacturability of multi-die designs
before committing them to actual fabrication, enabling “first-time silicon

success.”

o Apple, Inc. v. TopWire LLC | IPR2026-00303
https://www.synopsys.com/glossary/what-is-silicon-die.html 6/11

Ex. 2012


https://www.synopsys.com/glossary/what-is-electronic-design-automation.html
https://www.synopsys.com/glossary/what-is-electronic-design-automation.html
https://www.synopsys.com/glossary/what-is-electronic-design-automation.html
https://www.synopsys.com/designware-ip.html
https://www.synopsys.com/designware-ip.html
https://www.synopsys.com/verification/virtual-prototyping/platform-architect.html
https://www.synopsys.com/verification/virtual-prototyping/platform-architect.html
https://www.synopsys.com/verification/virtual-prototyping/virtualizer.html
https://www.synopsys.com/verification/virtual-prototyping/virtualizer.html
https://www.synopsys.com/verification/emulation-prototyping/emulation.html
https://www.synopsys.com/verification/emulation-prototyping/emulation.html
https://www.synopsys.com/verification/emulation-prototyping/prototyping.html
https://www.synopsys.com/verification/emulation-prototyping/prototyping.html
https://www.synopsys.com/implementation-and-signoff/physical-implementation/fusion-compiler.html
https://www.synopsys.com/implementation-and-signoff/physical-implementation/fusion-compiler.html
https://www.synopsys.com/implementation-and-signoff/3dic-design.html
https://www.synopsys.com/implementation-and-signoff/3dic-design.html
https://www.synopsys.com/implementation-and-signoff/3dic-design.html
https://www.synopsys.com/implementation-and-signoff/3dic-design.html
https://www.synopsys.com/verification/simulation/vcs.html
https://www.synopsys.com/verification/simulation/vcs.html
https://www.synopsys.com/implementation-and-signoff/signoff/formality-equivalence-checking.html
https://www.synopsys.com/implementation-and-signoff/signoff/formality-equivalence-checking.html
https://www.synopsys.com/implementation-and-signoff/signoff/formality-equivalence-checking.html
https://www.synopsys.com/implementation-and-signoff/signoff/primetime.html
https://www.synopsys.com/implementation-and-signoff/signoff/primetime.html
https://www.synopsys.com/implementation-and-signoff/physical-verification.html
https://www.synopsys.com/implementation-and-signoff/physical-verification.html
https://www.synopsys.com/implementation-and-signoff/test-automation/testmax-dft.html
https://www.synopsys.com/implementation-and-signoff/test-automation/testmax-dft.html
https://www.synopsys.com/

5/19/26, 11:47 AM

What is a Silicon Die? — How it Works | Synopsys

Y ﬁnpslz Die-to-Die Connectivity: Synopsys provides silicon-proven IP
(httpéz/ﬂ\?\/s\‘/'\%sfrqg'p')@yhé[.@ol)rﬁ)oroven' pre-designed and pre-verified functional building
block designs, including UCle, HBM3, and 3DIO—to ensure robust, high-

bandwidth, and energy-efficient connections between dies, saving customers

from designing and validating them from scratch.

« Manufacturing and Reliability: Solutions like the Silicon Lifecycle Management

Family (/solutions/silicon-lifecycle-management.html) enable comprehensive

monitoring, testing, and optimization throughout the di€’s lifecycle.

Through close collaboration with semiconductor leaders and ecosystem

partners, Synopsys continues to drive the next wave of innovation in silicon

die and multi-die design, empowering customers to achieve faster time-to-

market, improved performance, and enhanced system reliability.

Phase

Architecture
Exploration

Software Dev &
Validation

Design

Implementation

Verification & Test

IP & Interconnects

Synopsys Tools /
Products

Platform Architect

Virtualizer, ZeBu,
HAPS

Fusion Compiler,
3DIC Compiler,
3DS0.ai

VCS, Formality,
PrimeTime,
TestMAX DFT

UCle, HBM3, 3DIO IP

https://www.synopsys.com/glossary/what-is-silicon-die.html

Purpose / Use Case

Early system
partitioning,

interconnect
analysis

Pre-silicon bring-up,
hybrid emulation

RTL to GDSII,
packaging,
optimization

Simulation, timing,
DFT, formal checks

Die-to-die
connectivity
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S‘éﬂUPS‘/SC - it | Monitoring,
(hEERNFIRu synopsys.com)  Stficon Lifecycle reliability, in-field

Management Management Family T
optimization

Frequently Asked Questions About Silicon Die

What is the difference between a silicon die and a chip? v
How are silicon dies made? v
What is multi-die or chiplet technology? v
Why is silicon used for dies? v
What is die-to-die connectivity? v
How do silicon dies impact device performance? v
What are the challenges in silicon die manufacturing? v

Related Resources
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Need to Know
About
Advanced
Packaging for...

Download > (/multi-die-
system/advanced-
packaging.html)

Continue Reading

SYNOPSYs®

Multi-Die Design Start Guide

START GUIDE|

Multi-Die Start
Guide

Discover the
guidelines you need
for successful multi-
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