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 Complementary MOS (CMOS) Inverter uses
▪ pMOS in pull-up network
▪ nMOS in pull-down network
As shown in Figure

 When input is HIGH 
▪ pMOS is OFF
▪ nMOS is ON
▪ Therefore the O/P is LOW

 When input low
▪ pMOS is ON
▪ nMOS is OFF
▪ Therefore the O/P is HIGH



 Advantage of CMOS Inverter

▪ Never pMOS and nMOS are ON together due to 
which there is no direct path to  current take place 
between VDD and ground.

▪ Therefore if we neglect leakage current, the static 
power dissipation is zero.

▪ Logic swing is between 0 and VDD.



 VTC is shown in fig which is divided into five 
regions depending on the operation of nMOS
and pMOS.

 In between pt A and B

▪ nMOS in cutoff region

▪ pMOS in  linear region

 In between pt B and C

▪ nMOS in saturation region

▪ pMOS in  linear region





 Region above this line ,pMOS operates in linear 
region.

 Below this line, pMOS operates in saturation 
region with satisfying the condition

 At point C,Slope is -1, this is VIL

 Between D and F, 
▪ both the nMOS and pMOS are in saturation region.



 At C,
▪ I/P voltage = O/P voltage 

▪ which is also called threshold voltage of the inverter.
 Between F and H, 

▪ nMOS in the linear region and 

▪ pMOS in the saturation region.
 At pt G,Slope is -1, known as VIH.

 Between H and I,
▪ nMOS is in the linear region and

▪ pMOS in the cutoff region.



 Above this line nMOS in saturation and satisfies the 
condition

 Below this line,nMOS works in linear region.

We observe that the VTC curve of a CMOS inverter is very 
sharp compared to the resistive load and nMOS load 
inverter circuits. 



 In between pt B and D

▪ nMOS in saturation region

▪ pMOS in  linear region

Therefore we have the following equation



 Differentiating w.r.t. Vin

 At point C, the slope of the curve is -1 and 
Vin= VIL. Therefore, we write above Eqn
as follows: 





 Between F and H, 

▪ nMOS in the linear region and 

▪ pMOS in the saturation region

Therefore we have the following equation



 Differentiating w.r.t. Vin,

 At point G, the slope of the curve is -1 and Vin= VIH. 

Therefore, we write above Eqn as follows:



 O/P of CMOS Inverter is given by

 I/P= logic ‘1’ (i.e., Vin > VDD + Vtp), 
▪ the pMOS transistor is turned OFF, and

▪ the nMOS transistor operates in the linear region.

▪ Since there is no static current in the circuit, there 
is no voltage drop across the nMOS transistor.



 Therefore, we have the following expression:

 By solving, we get

 O/P voltage



 I/P=0 (i.e., Vin < Vtn), 

▪ the nMOS transistor is turned OFF,and

▪ the pMOS transistor operates in the linear region. 
As there is no static current in the circuit, there is 
no voltage drop across the pMOS transistor.

Hence, the output voltage is given by the following 
equation:



 Threshold voltage  when I/P voltage=O/P voltage,
 On VTC,Vth is defined at E, when nMOS and pMOS both 

operates in saturation region
 Therefore, we can write following equation









 Positive value is acceptable for Vout
 Hence VIL is calculated








