Chapter

Introduction to CMOS Design

This chapter provides a brief introduction to the CMOS {complementary metal oxide
serniconductor) integrated circuit (TC) design process (the design of “chips™). CMOS is
vsed in most very large scale integrated (VLSI) or ultra-large scale integrated (ULSI)
circuit chips. The term “VLSI” is generally associated with chips containing thousands or
millions of metal oxide semiconductor field effect transistors (MOSFETs). The term
“ULSI” is generally associated with chips containing billions, or more, MOSFETs, We'll
avoid the use of these descriptive terms in this book and focus simply on “digital and
analog CMOS circuit design.”

We'll also intreduce circuit simulation wsing SPICE (simulation prograin with
inlegrated circuit emphasis). The introduction will be used to review basic circuit
analysis and to provide a quick reference for SPICE syntax.

1.1 The CMOS IC Design Process

The CMOS circuil design process consists of defining circuit inputs and outputs, hand
calculations, circuit simulations, circuit layour, simulations including parasitics,
reevaluation of circuit inputs and outputs, tabrication, and testing. A flowchart of this
process is shown in Fig. 1.1. The circuit specifications are rarely set in concrete; that is,
they can change as the project matures. This can be the result of trude-olfs made between
cost and performance, changes in the marketability of the chip, or simply changes in the
customer’s needs, In almost all cases, major changes after the chip bas gone into
production are not possible.

This text concentrates on cuslora [C design, Other (noncustom) methods of
designing chips, including field-proprammabie-gate-arrays (FPGAs) and standard cell
libraries, are used when low volume and quick design turnaround arc important. Most
chips that are mass produced, including microprocessors and memery, are examples of
chips that are custom designed.

The task of laying out the IC is often given to a layout designer. However, it is
extremely important that the engineer can lay out a chip (and can provide direction to the
layout designer on how io layout a chip) and understand the parasitics involved in the
layout. Parasitics are the stray capacitances, inductances, pn junctions, and bipolar
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transistors, with the associated problems (breakdown, stored charge, lach-up, etc.). A
fundamental understanding of these problems is important in precision/high-speed
design.
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Figure 1.1 Flowchart for the CMOS 1C design process.






















































