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» An inverter outputs alogical “1” when the input is a logical “0”
and vice versa.
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» The CS stage resembles a voltage divider between Ry and R,
.~ when M, is in deep triode region. It produces Vppwhen M, is off.
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» lIdeally, the VTC of an inverter has infinite transition region gain.
.~ However, practically the gain is finite.
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» Noise margin is the amount of input logic level degradation that
a gate can handle before the small-signal gain becomes -1.
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» Because of constant Ry, NMOS inverter consumes static power
even when there is no switching.

» Ry presents a tradeoff between speed and power dissipation.
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» A better alternative would probably have been an “intelligent”

pullup device that turns on when M, is off and vice versa.
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» This improved inverter topology decreases falltime since all of
. thecurrent from M, is available to discharge the capacitor.
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» A circuit realization of this improved inverter topology is the
CMOS inverter shown above.

» The NMOS/PMOS pair complement each other to produce the
desired effects.
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» The switching threshold (V,,7) or the “trip point” of the inverter
Is when V,,; equals V.

» I Vigr =Vgd/2, then W,/W =y, [y,
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» When either A or B is high or if both A and B are high, the
~ output will be low. Transistors operate as pull-down devices.
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» The above circuit fails to act as a NOR because when A is high
and B is low, both M, and M, are on and produces an ill-defined

low.
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» When both A and B are low, the output is high. Transistors

operate as pull-up devices.
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» Combing the NMOS and PMOS NOR sections, we have the
CMOS NOR.
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» Due to low PMOS mobility, series combination of M; and M, suffers from a
high resistance, producing a long delay.

» The widths of the PMOS transistors can be increased to counter the high
resistance, however this would load the preceding stage and the overall

delay of the system may not improve.
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» When both A and B are high, the output is low.
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» When either A or B is low or if both A and B are low, the output
~is high.
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» Just like the CMOS NOR, the CMOS NAND can be implemented
by combining its respective NMOS and PMOS sections,
however it has better performance because its PMOS
transistors are not in series.
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4 Equal Rise & Fall (un=2up)\

W,=W,=W,=3W
W,=W,=W =2W
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A M
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cof.m,; B °—I|iM2 “series” combination of A and B

» In the CMOS philosophy, the PMOS section can be obtained from the
NMOS section by converting series combinations to the parallel
combinations and vice versa.
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