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3i8 Surface Field-Effect Transistors

n-channel device which we have already considered in Chapter 9 in connec-
tion with studies of semiconductor surfaces. This device is illustrated in
Figure 11.1. It consists of a p-type silicon substrate into which two n+
regions, the source and the drain, are diffused. The region between the
source and the drain is under the influence of a metal field plate or gate.
If a large positive voltage is applied to the gate, the surface of the underly-
ing p-type silicon can be inverted and a conductive n-type channel can be
induced connecting source and drain. The conductivity of this channel

can then be modulated by varying the gate voltage.
Gate

Source Drain

Substrate or body
’;ﬂg.‘ll.l n-Channel surface field-effect transistor.

r the principles of the operation of such a surface
Then we discuss some important characteristics of
ansistorS' the current- voltage characteristics the

(11.1)
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| «v -= v Surrace Field-Effect Transistors
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16 considerations that were applied in the case of junction

sistors lead to the conclusion that the effect of unmodulated
Ces near the source and the drain will be to lower the observed
luctance and transconductance as compared to their values
resistances according to the formulas
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[Linear region] (11.23)
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enote the channel conductance and transconductance
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Surface Field-Effect Transistors

out the onset of channel conduction. By complete analogy, the discus-
could have been applied to a p-channel device where a negative gate
age would have been required to bring about channel conduction.
use with zero gate voltage applied neither of these devices conducts,
vices are called normally “off”> MOS transistors.
ontrast, a normally *“on’> device can be made by suitable control of
d voltage. Thus, if ¥y, is sufficiently negative in the case of an
device or positive in the case of a p-channel device, a conducting
even with zero gate voltage applied. In such a case, the
lductance can be both increased and decreased with suitable
f the gate voltage.
ally “off”” n- and p-channel devices as well as a normally “on’’
/ice are illustrated in Fig. 11.8. In all three devices the con-
1is induced by surface fields, whether the surface fields are
ltage or to charges within the oxide. Thus we may call
ld-induced channel devices. It is also possible to build-in a

D

Yl ()
*ﬁél&effect transistors with field-induced channels.

‘n-channel device.
hannel device.
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