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 connect-
ed 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 112 of the
supply voltage. Figure 1shows an idealized voltage transfer
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.
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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 116 of a MM74C04
inverter package connected as an AC amplifier.
The power supply current is constant during dynamic opera-
tion 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 transfer character-
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FIGURE 2. A 74CMOS Inverter Biased for
Linear Mode Operation
istics. If the input signal approaches the supply voltages, the
P- or N-channel transistors become saturated and supply
current is reduced to essentially zero and the device be-
haves like the classical digital inverter.
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FIGURE 3. Voltage Transfer Characteristics for an
Inverter Connected as a Linear Amplifier

Figure 3 shows typical voltage characteristics of each in-
verter 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 operating
at 3 volts, the supply current changes drastically as a func-
tion of supply voltage because the MOS transistors are op-
erating in the proximity of their gate-source threshold volt-
ages.
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FIGURE 4. Normalized Amplifier Supply Current
Versus Ambient Temperature Characteristics

Figure 5 shows typical curves of voltage gain as a function

of operating frequency for various supply voltages.

Output voltages can swing within millivolts of the supplies

with either a single or a dual supply.
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FIGURE 5. Typical Voltage Gain Versus Frequency
Characteristics for Amplifier Shown In Figure 2

APPLICATIONS

Cascading Amplifiers for Higher Gain

By cascading the basic amplifier block shown in Figure 2 a
high gain amplifier can be achieved. The gain will be multi-
plied by the number of stages used. If more than one invert-
er is used inside the feedback loop (as in Figure 6) a higher
open loop gain is achieved which results in more accurate
closed loop gains.

FIGURE 6. Three CMOS Inverters
Used as an X10 AC Amplifier

Post Amplifier for Op Amps

A standard operational amplifier used with a CMOS inverter
for a Post Amplifier has several advantages. The operation-
al amplifier essentially sees no load condition since the in-
put impedance to the inverter is very high. Secondly, the
CMOS inverters will swing to within millivolts of either sup-
ply. This gives the designer the advantage of operating the
operational amplifier under no load conditions yet having
the full supply swing capability on the output. Shown in Fig-
ure 7isthe LM4250 micropower Op Amp used with a 74C04
inverter for increased output capability while maintaining the
low power advantage of both devices.
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FIGURE 7. MM74CO04 Inverter Used as a Post
Amplifier for a Battery Operated Op Amp

The MM74CO04 can also be used with single supply amplifier
such as the LM324. With the circuit shown in Figure 8, the
open loop gain is approximately 160 dB. The LM324 has 4
amplifiers in a package and the MM74C04 has 6 amplifiers
per package.
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FIGURE 8. Single Supply Amplifier Using a CMOS
Cascade Post Amplifier with the LM324
CMOS inverters can be paralleled for increased power to
drive higher current loads. Loads of 5.0 mA per inverter can

be expected under AC conditions.

Other 74C devices can be used to provide greater comple-
mentary current outputs. The MM74COONAND Gate will
provide approximately 10 mA from the Vcc supply while the
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FIGURE 9. MM74COCQand MM74C02 Used as a Post
Amplifier to Provide Increased Current Drive

Other Applications

Shown in Figure 10 is a variety of applications utilizing
CMOS devices. Shown is a linear phase shift oscillator and
an integrator which use the CMOS devices in the linear
mode as well as a few circuit ideas for clocks and one
shots.

Conclusion

Careful study of CMOS characteristics show that CMOS de-
vices used in a system design can be used for linear build-
ing blocks as well as digital blocks.

Utilization of these new devices will decrease package
count and reduce supply requirements. The circuit designer
now can do both digital and linear designs with the same
type of device.

Integrator Using Any Inverting CMOS Gate
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FIGURE 10. Variety of Circuit Ideas
Using CMOS Devices





