Module 2 : MOSFET
Lecture 3 : Introduction to MOSFET

Objectives

In this course you will learn the following:
e Basic MOS Structure
e Types of MOSFET
e MOSFET I-V Modelling

3.1 Basic MOSFET Structure

In the introduction to a system, we got an overview of various levels of design, viz.
Architectural level design, Program level design, Functional level design and Logic level
design. However we can't understand the levels of design unless we are exposed to the
basics of operation of the devices currently used to realize the logic circuits, viz.,
MOSFET (Metal Oxide Semiconductor Field Effect Transistor). So in this section, we'll
study the basic structure of MOSFET.

The cross-sectional and top/bottom view of MOSFET are as in figures 3.11 and 3.12
given below :
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fig 3.11 Cross-sectional view of MOSFET

An n-type MOSFET consists of a source and a drain, two highly conducting n-type
semiconductor regions which are separated from the p-type substrate by reverse-biased
p-n diodes. A metal or poly crystalline gate covers the region between the source and
drain, but is isolated from the semiconductor by the gate oxide.

3.2 Types of MOSFET
MOSFETSs are divided into two types viz. p-MOSFET and n-MOSFET depending upon its
type of source and drain.
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Fig. 3.21: p-MOSFET

Fig. 3.22: n-MOSFET

Fig. 3.23: c-MOSFET



The combination of a n-MOSFET and a p-MOSFET (as shown in figure 3.21) is called

CMOSFET which is the mostly used as MOSFET transistor. We will look at it in more
detail later.

3.3 MOSFET 1-V Modelling

We are interested in finding the outputcharacteristics ( ) and the transfer charcteristics (
) of the MOSFET. In other words, we can find out both if we can formulate a
mathematical equation of the form:

lps = ftVipss Vs )
ntutively, we can say that voltage level specifications and the material parameters
cannot be altered by designers. So the only tools in the designer's hands with which

he/she can improve the performance of the device are its dimensions, W and L (shown

in top view of MOSFET fig 2). In fact, the most important parameter in the device
simulations is ratio of W and L.

The equations governing the output and transfer characteristics of an n-MOSFET and
pP-MOSFET are :
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The output characteristics plotted for few fixed values of for p-MOSFET and n-MOSFET
are shown next :

v
(kH3 5

=]
e
=
=
Ll

1 2 3 a 5
100
2 Vi =20V —
- ____,—'r 111} ._--—'—"_'__'_'_?,.}.-""”v
= T m =
e = 3
= = ] -
= ,-r'f . & 4 Wigmo2 3V
L~ Vaa=l.0W P |
(¥ - — — = s e
- L ai -
F ’r(,(/f Vs 20V
- “ ; g
Vg =LY 3 o —=HB
il e g 20 z"ll’r/ e
o ~ - |
.z;?:""f Ven= 1AW in f’f LY
:-:F"_ W, 3 o == V= 10y
0o =2 BT

fig 3.31 p-MOSFET fig 3.32 n-MOSFET



The transfer characteristics of both p-MOSFET and n-MOSFET are plotted for a fixed
value of as shown next :
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Note: From now onwards in the lectures, we will symbolize MOSFET by MOS.

3.4 C-V Characteristics of a MOS Capacitor

As we have seen earlier, there is an oxide layer below Gate terminal. Since oxide is a
very good insulator, it contributes to an oxide capacitance in the circuit. Normally, the
capacitance value of a capacitor doesn't change with values of voltage applied across its
terminals. However, this is not the case with MOS capacitor. We find that the
capacitance of MOS capacitor changes its value with the variation in Gate voltage. This is
because application of gate voltage results in the band bending of silicon substrate and
hence variation in charge concentration at Si-SiO2 interface. Also we can see (from
fig.3.42 ) that the curve splits into two (reason will be explained later), after a certain
voltage, depending upon the frequency (high or low) of AC voltage applied at the gate.
This voltage is called the threshold voltage(VVth) of MOS capacitor.
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Recap

In this lecture you have learnt the following
e Basic MOS Structure
e Types of MOSFET
e MOSFET I-V Modelling

Congratulations, you have finished Lecture 3.



