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(a) JFET biased for conduction

(c) Less Vg widens the channel and increases /.

FIGURE 18-27
Effects of Vi on channel width and drain current (Vg = V).

FIGURE 18-28 Drain Drain
JFET schematic symbols.
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Typical drain characteristics of an n-channel JFET.
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BREAKDOWN

As we mentioned earlier, there are several effects not modeled by
tions we have given. An example of one of these effects occurs if th
tween gate and channel becomes too large—then the junction experien
down and the drain current increases very rapidly. Usually, the greatest
the drain end of the channel, so breakdown occurs when Upe eXCeel
voltage Vp in magnitude. Because v, = tjg — v55, breakdown occurs
of v as v takes values closer to pinch-off. This is illustrated in Fi
dom operate FETs in breakdown.
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If v exceeds the breakdown voltage V,, drain current increas
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Common-source amplifier.
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Small-signal equivalent circuit for the common-source amplifier.
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Circuit used to find Z .
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Source follower.

v(n)

Small-signal equivalent circuit for the source |




Equivalent circuit used to find the output impedance of the source foll
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MOS inverter with pull-up resistor.

In selecting the value of the pull-up resistor R,,, we encounter conflicting objec-
tives. On the one hand, we want to make the resistor large because this leads to a small
current when the transistor is on. This, in turn, means a smaller demand on the power
supply and less heating of the circuit. On the other hand, we want to make R, small, so
that when the FET switches off, the load capacitance is quickly charged. (Usually, it is
important for logic transitions to take place quickly.)
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Load-line analysis of MOS inverter with resistive load.
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Figure 6.48 CMOS inverter.
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THE CMOS INVERTER

A solution to this conflict is to use an enhancement p-channel MOS (PMOS) trar-
sistor in place of the pull-up resistor as shown in Figure 6.48. (An additional benefit it
that the PMOS takes much less chip area than a resistor and therefore is advantageous
for IC implementation.)

In the following discussion, we assume that except for the differences in voltag
polarity and current direction, the NMOS and PMOS have identical characteristics, The
threshold of the NMOS is V,,,,, = V., which is a positive value, whereas the thresholl
voltage of the PMOS is V,;, , = —V,. Also, we assume, as is often the case, that fh i
supply voltage Vj,, is greater than twice the threshold voltage magnitude. (In the illus
trations, we assume that V,, = 2V and V,,,, = 10 V)

Notice in Figure 6.48 that the source terminal of the PMOS is connected to ¥,
and the drain is connected to the inverter output. The gate-to-source voltage of the PMOS
is given by

Vosp = Vin — Vop

When V,, = V,,, the gate-to-source voltage of the PMOS is zero, so it is cut off. hen.
it acts like a very high value of R, and virtually no current flows from the supply. O3
the other hand, when V;, = 0, we have v,qp = — V)5, and the PMOS can deliver al: gt
drain current to charge the load capacitance. Since the NMOS is cut off for Ugsy = V=
no current flows after the capacitance is charged.

An important advantage of CMOS logic circuits is that, except during log
transitions, either the NMOS or the PMOS is cut off, and no current flows. Thus 3
static power consumption (i.e., the power consumption of a logic circuit when e
logic states are not changing) is virtually zero. For this reason, CMOS is an attraclie
choice for battery-operated circuits such as portable computers.
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Figure 6.49 Load-line analysis of CMOS inverter. For the NMOS, V,,, = V,, = +2 V, and for
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Figure 6.50 Transfer characteristic of a typical CMOS inverter. The lettered points co
to the points of Figure 6.49.
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Figure 6.51 Supply current for a CMOS inverter.
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(a) Two-input NOR gate

(b) Two-input NAND gate

Figure 6.52 CMOS logic gates.

Exercise 6.25 For the circuit of Figure 6.52b, prepare a table showing all
ible combinations of inputs (each input can be high or low), the corresponding
of each transistor, and the corresponding output. Indicate the state of each
either as on for operation in the triode and saturation regions or as off for o

cutoff.

Ans. See Table 6.1.

TABLE 6.1 Answer for Exercise 6.25

A B M, M, M, M,
Low Low On On Off Off
Low High On Off Off On
High Low Off On On Off
High High Off Off On On
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