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EX 204-1 P192 STE-102-403 Linel6™~28

A series connection of switches corresponds to an AND-operation, and a parallel connection of switches is
equivalent to an OR-ing of the inputs.

The pull-up and pull-down networks are dual networks, which means that a parallel connection of
transistors in the pull-up network corresponds to a series connection of the corresponding devices in the
pull-down network and vice versa.#1

This property is understood from the following argument. Suppose that the pull down network of a CMOS
gate is known and implements the logic function G. Since the PDN connects to GND, the CMOS gate
implements the inverse function F = not G. We wish to derive the structure of the corresponding PUN. Since
the PUN connects to VDD, it has to be conducting when F = TRUE (or in other words, it must implement F).
Taking into account the above, as well as the fact that the PMOS transistors of the PUN are inverse switches,
the following relation has to be valid:

(not(G(In1, In2, In3,...)) = F(not In1, not In2, not In3...) (4.1)
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This condition is met if (but not only if) F and G are dual equations, where each AND operation in F is
replaced by an OR in G and vice-versa. This is a direct consequence of De Morgan's theorems, which state
the following identities:

not(A+B) = notA * notB, not A*B = notA + notE (4.2)

The complementary gate is inverting (implementing functions such as NAND, NOR, and XNOR).
Implementing a noninverting Boolean function (such as AND OR, or XOR) in one stage is not possible and
requires the addition of an extra inverter stage.

#1 The duality is a satisfying but not necessary requirement. Other valid PUN/PDN combinations can be
envisioned, some of which will be illustrated in later chapters.

Example 4.1 Two-input NAND Gate

Figure 4.3 shows a simple two-input NAND gate (F = not (AB)). The PUN consists of two parallel PMOS
transistors. This means that Fis 1 if A=0 or B =0, which is equivalent to F= notA + notB = not (AB). The PDN,
which consists of two series NMOS transistors, provides a connection to GND when both A=1 and B=1,
Consequently, it implements G= AB = not F, which is consistent with the PUN network. It can be easily
verified that the output F is always connected to either VDD or GND, but never to both.

Figure 4.3 Two-input NAND gate in complementary static CMOS style.
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* Example 4.5 A Four-Input Complementary CMOS NAND Gate

* The layout of a four-input NAND gate is shown in Figure 4.10. No transistor sizing (besides the appropriate
scaling of the PMOS devices for mobility) is applied. Hence all NMOS transistors have a (W/L) of (1.8/1.2),
while the PMOS devices are set to (5.4/1.2).

* To simplify the manual analysis, it is customary to replace the serial chain of NMOS transistors by a single
device whose channel length is the sum of the lengths of the transistors in the chain. This is equivalent to
stating that the resistance of the discharge network is similar to the series connection of the resistances of
the individual transistors. The parasitic capacitances of this hypothetical transistor. can be estimated as the
sum of the capacitances of the individual devices (this is a worst-case scenario). Remember, however, that
the merging of the series transistors into a single device is simplification that ignores a number of second-
order influences, such as the body effect and the distributed nature of the parasitic capacitors.

* Figure 4.10 Layout and schematics of a four-input NAND gate in complementary CMOS. See also Colorplate 7.
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