


























































Chapter 2 

Basic MOS Device Physics 

In studying the design of integrated circuits, one of two extreme approaches can be taken: 
(1) begin with quantum mechanics and understand solid-state physics, semiconductor device 
physics, device modeling, and finally the design of circuits; (2) treat each semiconductor 
device as a black box whose behavior is described in terms of its terminal voltages and 
currents and design circuits with little attention to the internal operation of the device. 
Experience shows that neither approach is optimum. In the first case, the reader cannot 
see the relevance of all of the physics to designing circuits, and in the second, he/she is 
constantly mystified by the contents of the black box. 

In today's IC industry, a solid understanding of semiconductor devices is essential, 
more so in analog design than in digital design because in the former, transistors are 
not considered as simple switches and many of their second-order effects directly im- 
pact the performance. Furthermore, as each new generation of IC technologies scales 
the devices, these effects become more significant. Since the designer must often decide 
which effects can be neglected in a given circuit, insight into device operation proves 
invaluable. 

In this chapter, we study the physics of MOSFETs at an elementary level, covering 
the bare minimum that is necessary for basic analog design. The ultimate goaI is still 
to develop a circuit model for each device by formulating its operation, but this is ac- 
complished with a good understanding of the underlying principles. After studying many 
analog circuits in Chapters 3 through 13 and gaining motivation for a deeper understanding 
of devices, we return to the subject in Chapter 16 and deal with other aspects of MOS 
operation. 

We begin our study with the structure of MOS transistors and derive their W char- 
acteristics. Next, we describe second-order effects such as body effect, c hannel-length 
modulation, and subthreshold conduction. We then identify the parasitic capacitances 
of MOSFETs, derive a small-signal model, and present a simple SPICE model. We as- 
sume that the reader is familiar with such basic concepts as doping, mobility, and 
pn junctions. 
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