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CMOS Linear Applications
PNP and NPN bipolar transistors have been used for many
years in “complementary” type of amplifier circuits. Now,
with the arrival of CMOS technology, complementary
P-channel/N-channel MOS transistors are available in
monolithic form. The MM74C04 incorporates a P-channel
MOS transistor and an N-channel MOS transistor con-
nected in complementary fashion to function as an inverter.

Due to the symmetry of the P- and N-channel transistors,
negative feedback around the complementary pair will
cause the pair to self bias itself to approximately 1/2 of the
supple voltage. Figure 1 shows an idealized voltage trans-
fer characteristic curve of the CMOS inverter connected
with negative feedback. Under these conditions the inverter
is biased for operation about the midpoint in the linear seg-
ment on the steep transition of the voltage transfer charac-
teristics as shown in Figure 1.

FIGURE 1. Idealized Voltage Transfer
Characteristics of an MM74C04 Inverter

Under AC Conditions, a positive going input will cause the
output to swing negative and a negative going input will
have an inverse effect. Figure 2 shows 1/6 of a MM74C04
inverter package connected as an AC amplifier.

The power supply current is constant during dynamic oper-
ation since the inverter is biased for Class A operation.
When the input signal swings near the supply, the output
signal will become distorted because the P-N channel
devices are driven into the non-linear regions of their trans-
fer characteristics. If the input signal approaches the sup-
ply voltages, the P- or N-channel transistors become
saturated and supply current is reduced to essentially zero
and the device behaves like the classical digital inverter.

FIGURE 2. A 74CMOS Inverter Biased for
Linear Mode Operation

Figure 3 shows typical voltage characteristics of each
inverter at several values of the VCC. The shape of these
transfer curves are relatively constant with temperature.
Temperature affects for the self-biased inverter with supply
voltage is shown in Figure 4. When the amplifier is operat-
ing at 3 volts, the supply current changes drastically as a
function of supply voltage because the MOS transistors are
operating in the proximity of their gate-source threshold
voltages.

FIGURE 3. Voltage Transfer Characteristics for an
Inverter Connected as a Linear Amplifier
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