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In VLSI design, layout process is crucial to meet chip's performance, power, and area targets. Digital chips follow physical design flow with automated steps like floorplan, placement, clock tree synth, and routing. There's also a custom layout flow from scratch, divided into full custom and semi-custom layouts. This article explores nuances of full
custom and semi-custom layouts with circuit examples, industry use cases, and open-source tools. Custom layout in VLSI design involves manual transistor-level design, ensuring optimal performance in speed, power consumption, and area efficiency. Designers specify exact transistor placement, interconnections, and components like resistors and
capacitors. Custom layouts are essential for achieving high performance and are used in high-end applications where every silicon nanometer counts. Full custom layout flows and semi-custom layout flows are two approaches to designing internal circuitry of an integrated circuit (IC). Full custom layout is like building a house entirely from scratch,
with designers defining functionality, transistor layout, placement, routing, verification, simulation, and fabrication. Semi-custom layout is similar to building a house using pre-fabricated modules, where designers choose pre-designed components, assemble them, and arrange cells for optimal performance. Pros of full custom layouts include ultimate
control and customization, but they are time-consuming, expensive, and require specialized expertise. with pre-built modules and electrical wires, similar to assembling components in your home. This process involves verifying designs using simulations and then sending layouts for fabrication. Designing fast back annotation is crucial for effective
physical design of VLSI chips. Several open-source tools support full custom layout design, including Magic VLSI and KLayout. These tools provide ease of use and powerful features for full custom design. However, a middle ground between full custom design and automated flows exists in semi-custom or standard cell layout. In this approach,
designers use pre-designed standard cells from a library to speed up the design process. Semi-custom layouts are ideal for applications where performance and design time need to be balanced, such as ASICs and general digital circuits. Open-source tools like OpenROAD and Yosys support semi-custom design flows. Comparing full custom and semi-
custom designs shows that initial circuit performance is lower in full custom design but can offer higher performance later on. Both methodologies have their importance in VLSI design, with full custom design providing exceptional results but requiring more time and effort. Layout design for Very Large-Scale Integration (VLSI) is a delicate balancing
act between customization and flexibility, particularly crucial for smaller-scale projects where quicker time-to-market is vital. Understanding the pros and cons of each approach allows for choosing the best methodology according to the project's specific needs and limitations. Key aspects of layout design involve translating logical circuit descriptions
into physical layouts that include transistors, interconnections, and other components on a semiconductor substrate. These critical steps are: Transistor placement: accurately positioning components based on logic functions and timing requirements; routing: creating electrical connections between transistors while adhering to design rules; physical
design rules: ensuring manufacturing constraints such as minimum feature sizes and layer stack-ups are met for successful fabrication; physical verification: checking layout correctness and manufacturability, including DRC, LVS, and parasitic extraction. Furthermore, optimizing the layout with Design for Manufacturability (DFM) enhances yield,
performance, and reliability by considering process variability, lithography limitations, and device parasitics. Additionally, addressing power distribution, signal integrity, and electromagnetic interference is essential to ensure proper functioning of the integrated circuit. Layout design in VLSI requires a deep understanding of semiconductor
technology, CAD tools, design methodologies, and the underlying physics of integrated circuit design.
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