
chip design for submicron vlsi cmos
layout and simulation
Chip design for submicron VLSI CMOS layout and simulation is a critical
aspect of modern integrated circuit (IC) development, enabling the production
of smaller, faster, and more efficient electronic devices. As technology
advances and the demand for higher performance increases, the challenges
associated with submicron design become more complex. This article delves
into the principles, techniques, and tools involved in chip design, focusing
on the intricacies of VLSI (Very Large Scale Integration) and the CMOS
(Complementary Metal-Oxide-Semiconductor) process.

Understanding Submicron VLSI CMOS Technology

Submicron technology refers to the fabrication of semiconductor devices with
feature sizes smaller than one micron, typically in the range of 0.1 to 1
micron. VLSI refers to the ability to integrate thousands, millions, or even
billions of transistors on a single chip. The combination of VLSI and
submicron technology has allowed for the creation of powerful
microprocessors, memory devices, and other complex systems on a chip.

The Evolution of CMOS Technology

CMOS technology is predominant in the realm of digital circuits due to its
low power consumption and high noise immunity. The evolution of CMOS
technology has followed a trajectory characterized by various scaling laws,
with Moore's Law predicting a doubling of transistor count approximately
every two years. The transition to submicron processes has introduced new
challenges, including:

1. Short Channel Effects: As transistors shrink, the control over the channel
becomes less effective, leading to increased leakage currents and reduced
drive currents.
2. Variability: Fabrication imperfections can lead to significant performance
variations among chips, necessitating advanced statistical methods for design
and testing.
3. Power Density: With more transistors packed onto a chip, managing heat
dissipation and power consumption becomes crucial.

Key Concepts in Chip Design

Chip design for submicron VLSI CMOS involves several critical concepts,



including layout design, circuit simulation, and verification.

1. Layout Design

The layout design is the process of translating a circuit schematic into a
physical representation on silicon. This process involves the following
steps:

- Technology File Creation: Define the design rules and layers used in the
fabrication process.
- Schematic Capture: Create a schematic representation of the circuit using
Electronic Design Automation (EDA) tools.
- Physical Design: Convert the schematic into a layout, placing components
and routing connections while adhering to design rules.

The primary goals of layout design are to minimize area, reduce parasitic
capacitance and resistance, and ensure manufacturability.

2. Circuit Simulation

Circuit simulation is crucial for validating the functionality and
performance of the design before fabrication. There are several types of
simulations commonly used:

- DC Analysis: Evaluates the circuit's performance at steady states,
determining voltage and current levels.
- Transient Analysis: Analyzes the circuit's response to time-varying inputs,
providing insights into dynamic behavior.
- AC Analysis: Investigates the frequency response of the circuit, essential
for understanding how it behaves at different operating frequencies.

Simulation tools, such as SPICE (Simulation Program with Integrated Circuit
Emphasis), are widely used for these analyses, allowing designers to predict
how the circuit will perform in real-world conditions.

3. Verification

Verification is a critical step to ensure that the design meets
specifications and functions as intended. This process includes:

- Design Rule Checking (DRC): Ensures that the layout adheres to the
manufacturing process rules, preventing issues during fabrication.
- Layout Versus Schematic (LVS): Compares the layout against the original
schematic to verify that the two are equivalent.
- Electrical Rule Checking (ERC): Checks for electrical issues, such as short



circuits and incorrect connections.

Effective verification helps minimize costly errors in the fabrication
process and ensures high-quality chip production.

Techniques for Submicron Design

Designing chips at submicron scales requires specific techniques to address
challenges such as increased parasitics, variability, and power density. Some
of the most important techniques include:

1. Advanced Decomposition Techniques

Decomposition techniques involve breaking down complex designs into simpler
blocks to manage the design process more efficiently. This approach helps in
optimizing each block for performance, area, and power consumption. Common
methodologies include:

- Hierarchical Design: Organizing the design into levels of abstraction,
allowing for easier management and optimization.
- Modular Design: Creating reusable components that can be integrated into
different designs, facilitating quicker development and testing.

2. Low Power Design Techniques

As power density increases with submicron designs, implementing low power
techniques becomes essential. Key strategies include:

- Dynamic Voltage and Frequency Scaling (DVFS): Adjusting voltage and
frequency according to workload demands to save power.
- Clock Gating: Disabling the clock signal to portions of the circuit that
are not in use to reduce dynamic power consumption.
- Multi-threshold CMOS (MTCMOS): Using transistors with different threshold
voltages to optimize performance while minimizing leakage.

3. Design for Manufacturability (DFM)

DFM ensures that the chip design can be manufactured reliably and cost-
effectively. Techniques include:

- Patterned Masks: Adopting advanced lithography techniques to improve
feature resolution and reduce variability.
- Process Variation Awareness: Incorporating design strategies that account



for variations in manufacturing processes, such as adapting to variations in
transistor characteristics.

Tools and Software for Chip Design

The complexity of submicron VLSI CMOS design necessitates the use of
sophisticated EDA tools. Key categories of tools include:

1. Schematic Capture Tools

These tools allow designers to create and edit circuit schematics. Popular
software includes:

- Cadence Virtuoso
- Synopsys Design Compiler

2. Layout Tools

Layout tools assist in the physical design of circuits, enabling placement
and routing. Examples include:

- Mentor Graphics Calibre
- Cadence Allegro

3. Simulation Tools

Simulation tools are essential for analyzing circuit performance. Common
tools are:

- HSPICE
- Spectre

4. Verification Tools

Verification tools are used to ensure compliance with design rules and
specifications. Notable tools include:

- Calibre DRC for design rule checking
- Mentor Graphics Questa for functional verification



Conclusion

Chip design for submicron VLSI CMOS layout and simulation is a multifaceted
discipline that combines advanced engineering principles with cutting-edge
technology. As the demand for smaller, faster, and more efficient circuits
continues to grow, the importance of mastering these design techniques
becomes ever more critical. By understanding the principles of layout design,
circuit simulation, and verification, as well as leveraging advanced tools
and methodologies, engineers can successfully navigate the challenges of
submicron chip design and innovate for the future of technology.

In summary, the journey of chip design in the submicron realm is not only
about creating integrated circuits but also about ensuring reliability,
performance, and manufacturability in an increasingly competitive landscape.
As we look toward the future, the continued evolution of VLSI CMOS technology
will undoubtedly lead to new breakthroughs in electronics, powering the next
generation of devices that will shape our world.

Frequently Asked Questions

What are the key challenges in submicron VLSI CMOS
chip design?
Key challenges include managing power density, dealing with short-channel
effects, ensuring signal integrity, and minimizing manufacturing variability.

How does the scaling of technology nodes affect CMOS
layout design?
As technology nodes scale down, layout design must account for increased
leakage currents, reduced noise margins, and the need for more complex design
rules to mitigate process variations.

What tools are commonly used for simulation in
submicron CMOS design?
Common tools include SPICE for circuit simulation, Cadence for layout design
and verification, and Synopsys tools for RTL synthesis and timing analysis.

What is the significance of Design Rule Checking
(DRC) in VLSI layout?
DRC ensures that the physical layout adheres to manufacturing constraints,
preventing defects and ensuring that the chip can be fabricated successfully
without issues.



How does parasitic extraction impact the performance
of CMOS circuits?
Parasitic extraction identifies and quantifies parasitic capacitances and
resistances in the layout, which can significantly affect delay, power
consumption, and overall circuit performance.

What are FinFETs and how do they relate to submicron
CMOS technology?
FinFETs are a type of 3D transistor used in submicron technology to improve
electrostatic control over the channel, reducing leakage and improving
performance at smaller nodes.

Why is signal integrity a critical concern in
submicron VLSI design?
As dimensions shrink, crosstalk and noise become more pronounced,
necessitating careful design to ensure that signals are not corrupted, which
can lead to malfunctioning circuits.

What role does layout optimization play in power
management for submicron chips?
Layout optimization minimizes interconnect lengths and capacitances, reducing
dynamic power consumption and improving energy efficiency, which is critical
in submicron designs.
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