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Introduction

• We introduce the digital logic circuit design using CMOS transistors,which are most popular because of 

low power dissipation and less area requirement compared to any other logic circuits. 

• It is worthwhile mentioning that almost 90% of the total semiconductor devices are fabricated using 

silicon CMOS technology. 

• CMOS logic is a combination of nMOS and pMOS logic. The nMOS and pMOS transistors are both 

functionally and structurally complement to each other. 



Digital Logic  Design

• In digital logic design, there are three primary logic operations: (a) NOT, (b) OR,and (c) AND. Using 

these three primary logics, any other logic such as NAND,NOR, XOR, or XNOR can be derived.

• In NOT logic, if the input (A) is TRUE, the output (F) is FALSE; and if the input (A) is FALSE, the 

output (F) is TRUE. The NOT logic can be realized using a simple circuit as shown in Fig. 1(a). When 

the switch S1 is ON, the bulb will not glow. When the switch S1 is OFF, the bulb will glow.



Digital Logic  Design

• In OR logic, if both the inputs are FALSE, the output is FALSE. Otherwise, 

the output is TRUE. The OR logic can be realized using two switches S1 and 

S2 connected in parallel, as shown in Fig. 1(b). 

• When both switches are OFF, the bulb will not glow; otherwise, the bulb will 

glow.



Digital Logic  Design

• In AND logic, if both the inputs are TRUE, the output is TRUE. Otherwise, 

the output is FALSE. The AND logic can be realized using two switches S1 

and S2 connected in series as shown in Fig. 1(c).



Digital Logic  Design

• The mechanical switches shown in Fig.1 can be replaced by MOS transistors as the MOS transistor 

behaves as a switch when it is operated between the cut-off and saturation regions.

• As shown in Fig. 2(a), an nMOS transistor can be modelled as a switch connected between the drain 

(D) and source (S) and the switch is controlled by gate (G). 

• When the gate is logic high (H), the nMOS is ON and the switch is closed, and D is connected to S [see 

Fig. 2(b)]. 

• When the gate is logic low (L), the nMOS is OFF and the switch is open, and D is disconnected from S 

[see Fig. 2(c)].
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CMOS logic Design

• Any Boolean logic function (F) has possible values: either logic 0 or logic 1. 

• For some of the input combinations, F = 1 and for all other input combinations, F =0. 

• So in general, any Boolean logic function can be realized using a structure as shown in Fig. 

• The switch S1 is closed and the switch S2 is open for input combinations that produce F = 1. 

• The switch S1 is open and the switch S2 is closed for other input combinations that produce F = 0.



CMOS logic Design

• As shown in Fig.  the output (F) is either connected to VDD or to the ground, where the logic 0 is 

represented by the ground and the logic 1 is represented by VDD. 

• So the basic requirement of digital logic design is to implement the pull-up switch (S1) and the pull-

down switch (S2). 

• As the pMOS transistors can pass logic 1 perfectly, they are used in pull-up switch realization.

• Similarly, as the nMOS transistors can pass logic 0 perfectly, they are used in pull-down switch 

realization.



CMOS design methodology

• The basic CMOS design methodology involves three steps:

• Given the Boolean expression, take its complement

• Design PDN by realizing

• AND terms using series-connected nMOSFETs

• OR terms using parallel-connected nMOSFETs

• Design PUN just reverse (or dual) of the PDN



Design of CMOS Inverter (NOT) Gate

• A CMOS inverter is the simplest logic circuit that uses one nMOS and one pMOS transistor. The nMOS

is used in PDN and the pMOS is used in the PUN, as shown in Figs (a)–(c).



Design of CMOS Inverter (NOT) Gate

• Operation When input is low, the nMOS is OFF and the pMOS is ON. Hence,the output is connected

to VDD through pMOS.

• When the input is high, the nMOS is ON and the pMOS is OFF. Hence, the output is connected to the

ground through nMOS.

• We can connect a capacitor at the output node as shown in Fig. to represent the load seen by the

inverter. The load capacitor is charged to VDD through pMOS when the input is low and is discharged

to the ground through nMOS when the input is high.



Design of Two-input NAND Gate
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Design of Two-input NAND Gate

• Operation When A = 0 and B = 0, both the nMOS transistors are OFF and both pMOS transistors are ON. 
Hence, the output is connected to VDD and we get logic high at the output. 

• When A = 1 and B = 0, the upper nMOS is ON and lower nMOS is OFF. So, output cannot be connected to 
the ground. Under this condition, left pMOS is OFF but right pMOS is ON. Hence, the output is connected to 
VDD, and we get logic high at the output. 

• When A = 0 and B = 1, the upper nMOS is OFF and lower nMOS is ON. So,output cannot be connected to 
ground. Under this condition, left pMOS is ON but right pMOS is OFF. Hence, the output is connected to 
VDD, and we get logic high at the output. 

• When A = 1 and B = 1, both nMOS transistors are ON and both pMOS transistors are OFF. Hence, the output 
is connected to the ground, and we get logic low at the output. This is illustrated in Figs 6.11(a) and (c). This 
proves by the truth table of NAND gate shown in Fig. 6.11(b).





Design of Two-input NOR Gate
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Design of Two-input NOR Gate

• Operation When A = 0 and B = 0, both nMOS transistors are OFF and both pMOS transistors are ON. 
Hence, the output is connected to VDD and we get logic high at the output.

• When A = 1 and B = 0, the upper pMOS is OFF and lower pMOS is ON. So, output cannot be connected to 
the VDD. Under this condition, left nMOS is ON and right nMOS is OFF. Hence, the output is connected to 
the ground and we get logic low at the output.

• When A = 0 and B = 1, the upper pMOS is ON and lower pMOS is OFF. So, output cannot be connected to 
VDD. Under this condition, left nMOS is OFF and right nMOS is ON. Hence, the output is connected to the 
ground and we get logic low at the output.

• When A = 1 and B = 1, both nMOS transistors are ON and both pMOS transistors are OFF. Hence, the output 
is connected to VDD and we get logic low at the output. This proves the truth table of NOR gate as shown in 
Fig. 6.14(b).





Design the circuit with a suitable stick diagram
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