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Abstract— This paper aimed to study the CMOS Inverter 

as the basic element that is used to build more complex digital 

circuits, then using the Cadence environment and Spectre 

simulator to measure the amount of the power dissipated in 

three different styles of the inverter, CMOS inverter, 

Resistively-loaded NMOS inverter and NMOS saturated 

Enhancement Load.  From the results, Found that the static 

power requirement of the three circuit styles had the same 

value because of the leakage current, while the total power 

dissipated in the CMOS Inverter is the lower of the three due 

to the reduction in the dynamic power consumption. On the 

other hand while the CMOS gives us the best results in terms 

of power consumption, the design suffers from the complexity 

of its structure because of the need to us two different types of 

transistors and the need to take up more chip area because 

PMOS transistors use holes (slower than electrons) as charge 
carriers. 

Keywords—CMOS, digital, electronic, FET, Power, NMOS, 

MOSFET 

I. INTRODUCTION  

The inverter can be considered the nucleus of all digital 

designs. Once its operation and properties are clearly 

understood, designing more intricate structures such as 

AND, OR, NAND, NOR gates, adders, multipliers, and 

microprocessors is greatly simplified. If the behavior of the 

inverter can be understood and extrapolated, the electrical 

behavior of the more complex circuits can be derived, 
almost completely. For example, the analysis of inverters 

can be extended to explain the behavior of more complex 

gates such as NAND, NOR, or XOR, which in turn form the 

building blocks for modules such as multipliers and 

processors. [3] 

 

The inverter performs the logic operation of 1 or 0. When 

the input to the inverter is connected to ground, the output is 

pulled to VDD through the PMOS device (and NMOS shuts 

off). When the input terminal is connected to VDD, the 

output is pulled to ground through the NMOS device (and 

PMOS shuts off).  

 
Fig 1 The Inverter Gate and its Truth Table 

In this paper, the CMOS Inverter are simulated and studied 

in terms of its characteristics and power consumption and 

them the results compared with tow different Architectures 
of the MOS inverter: 1. Resistively-loaded NMOS inverter. 

2. NMOS saturated Enhancement Load. 
 

The design of CMOS, the width of the PMOS devices is 

typically three times that of NMOS devices. If an issue 

exists in the need to have as many PMOS devices as NMOS 

devices in a complimentary (CMOS) structure, this will at 

least mean that more area is available in this style of circuit 

designed. 

It is also possible to design a circuit which uses either a 

reduced number of PMOS devices, or none at all. Only 

NMOS devices are used in resistively loaded NMOS, where 
the pull-up in the circuit is provided by a resistor. In this 

case, the required number of devices is equal to the number 

of inputs. However, several problems are associated with 

this logic style. As the low output voltage is not zero volts, 

leakage occurs (static current), affecting power consumption 

adversely, and the resistors used take up a large area on the 

chip. Another style of circuit design which uses only one 

transistor type is the NMOS saturated enhancement load 

circuit. The required number of devices is equal to the 

number of inputs plus one (N + 1). Compared to the 

resistively loaded circuit, this circuit style has the advantage 
of taking up less area, but the disadvantage remains that it 

also suffers from the problem of static current. 

 

Figures 2, 3 and 4 shows the schematics of architectures 

of the inverter in the three styles where the L of the 

transistors used is 0.35µ, Wn = 10µ and Wp= 30µ, VDD=1.5 

v, Vin=1.5 v, R=1kΩ. 
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Fig 2 The CMOS Inverter Circuit 

 

 
Fig 3 Resistively loaded NMOS Inverter circuit 

 

 

 

 
Fig 4 NMOS saturated Enhancement Load inverter circuit 

 

 

The CMOS inverter has several important characteristics 
that are addressed in the next sections, for example, its 

output voltage swings from VDD to ground unlike other logic 

families that never quite reach the supply levels. Also, the 

static power dissipation of the CMOS inverter is practically 

zero, the inverter can be sized to give equal sourcing and 

sinking capabilities, and the logic switching threshold can 

be set by changing the size of the device.[3] 

II. CMOS INVERTER DC CHARACTERISTICS 

Consider the inverter shown in Figure 5. and the 

associated transfer characteristic plot. In region 1 of the 

transfer characteristics, the input voltage is sufficiently low, 

so that Qn is Off and Qp is On. As Vin is increased, both Qp 

and Qn turn on (region 2). Increasing Vin further causes Qp 

to turn off and Qn to fully turn on as shown in region 3.[7] 

 
Fig 5 The transfer characteristics of CMOS Inverter 

 

Consider the transfer characteristics of the basic inverter 

as shown in Figure 5. The switching point corresponds to 

the point on the curve where the input voltage is equal to the 

output voltage. At this point the input (or output) voltage is 

called the inverter switching point voltage, VSP, and both 

MOSFETs in the inverter are in the saturation region. 

Therefore the drain current in each MOSFET must be 

equal.[7] 

 
Fig 6 The transfer characteristics of CMOS inverter 
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Fig 7 The Transfer characteristics of NMOS saturated Load inverter  

 

 
Fig 8 The Transfer characteristics of Resistively-loaded NMOS inverter 

III. POWER CONSUMPTION  

A major driving force behind the development of CMOS 
technologies was the need for devices with minimum power 
consumption. In addition to this, reducing power 
consumption makes the device more reliable. As a result, 
CMOS devices are best known for low power consumption. 
However, for minimizing the power requirements of a board 
or a system, simply knowing that CMOS devices may use 
less power than equivalent devices from other technologies 
does not help much. It is important to know not only how to 
calculate power consumption, but also to understand how 
factors such as input voltage level, input rise time, power-
dissipation capacitance, and output loading is affected by the 
power consumption of a device. This application report 
addresses the different types of power consumption in a 
CMOS logic circuit, focusing on calculation of power-
dissipation capacitance (Cpd), and, finally, the determination 
of total power consumption in a CMOS device. [4] 

High frequencies impose a strict limit on power 
consumption in computer systems as a whole. It is necessary 
to minimize the power consumption of each device on the 
board. Power calculations determine power supply sizing, 
current requirements, cooling/ heat sink requirements and 
criteria for device selection. Power calculations also can 

determine the maximum reliable operating frequency. In a 
CMOS circuit, two components determine the power 
consumption: 

• Static power consumption 

• Dynamic power consumption 

Static power consumption occurs when all inputs are held 
at some valid logic level and the circuit is not changing state. 
CMOS devices have a very low static power consumption, as 
a result of the low leakage current. However, dynamic power 
consumption, especially when switching at a high frequency, 
can contribute significantly to overall power consumption. 
Charging and discharging a capacitive output load further 
increases this dynamic power consumption. 

This section addresses power consumption in CMOS 
logic families and describes the methods for evaluating both 
static and dynamic power consumption. Additional 
information is also presented to help explain the causes of 
power consumption, and present possible solutions to 
minimize power consumption in CMOS systems. [4] 

A. Static Power Consumption 

It is typical for low-voltage devices to have a CMOS 
inverter in both the input and output stages. Therefore, for a 
clear understanding of static power consumption, refer to the 
CMOS inverter modes shown in Figure 2. 

 

Fig 7 CMOS Inverter Mode for Static Power Consumption 

 

As shown in Figure 2.5, if the input is at logic 0, the n-MOS 

device is OFF, and the PMOS device is ON (Case 1). The 

output voltage is VDD, or logic 1. Similarly, when the input 

is at logic 1, the associated NMOS device is biased ON and 

the PMOS device is OFF. The output voltage is GND, or 

logic 0. Note that one of the transistors is always OFF when 

the gate is in either of these logic states. Since no current 

flows into the gate terminal, and there is no dc current path 

from VDD to GND, the resultant quiescent (steady-state) 
current is zero, hence, static power consumption (Ps) is zero. 

[4] 

However, there is a small amount of static power 

consumption due to reverse-bias leakage between diffused 

regions and the substrate. This leakage inside a device can 

be explained with a simple model that describes the parasitic 

diodes of a CMOS inverter. 
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Fig 8. The parasitic diodes in CMOS inverter 

 

The source drain diffusion and N-well diffusion form 

parasitic diodes. In Figure 2.6, the parasitic diodes are 

shown between the N-well and substrate. Because parasitic 

diodes are reverse biased, only their leakage currents 

contribute to static power consumption. The leakage current 

(Ilkg)of the diode is described by the following equation: 

 

Ilkg= is(eqV/kT- 1) 

 

Where: 
is = reverse saturation current 

V = diode voltage 

k = Boltzmann’s constant (1.38 × 10–23 J/K) 

q = electronic charge (1.602 × 10–19 C) 

T = temperature 

 

Static power consumption is the product of the device 

leakage current and the supply voltage. Total static power 

consumption, PS, can be obtained as shown: 

 

PS = ∑(leakage current)* (supply voltage) 

 
An IDD maximum in the 10 mA to 40 mA range is specified 

in most CMOS data sheets, encompassing total leakage 

current and other circuit features that may require some 

static current which are not considered in the simple inverter 

model. 

The leakage current ICC (current into a device), along with 

the supply voltage, causes static power consumption in the 

CMOS devices. This static power consumption is defined as 

quiescent, or PS, and can be calculated by: 

 

PS = VDD*IDD 

 

Where: 

VDD = supply voltage 

IDD = current into a device (sum of leakage currents) 

 

B. Dynamic Power Consumption 

The dynamic power consumption of a CMOS IC is 
calculated by adding the transient power consumption (PT), 
and capacitive-load power consumption (PL). 

 Transient Power Consumption 

Transient power consumption occurs because of the 
current that flows only when the transistors of the devices are 
switching between logic states. This is a result of the current 
required to charge the internal nodes (switching current) plus 
the through current (current that flows from VDD to GND 

when the p-channel transistor and n-channel transistor turn 
on briefly at the same time during the logic transition). This 
can be seen as a current ‘spike’ and its duration depends on 
the frequency at which the device is switching, the rise and 
fall times of the input signal, and the internal nodes of the 
device. If the input transition rate is high, the through current 
of the gate is negligible compared to the switching current. 
For this reason, the dynamic supply current is governed by 
the internal capacitance of the IC and the charge and 
discharge current of the load capacitance. [4]  

Transient power consumption can be calculated using 
equation: 

PT = Cpd*V 2DD*fi*NSW 

Where: 

PT = transient power consumption 

VDD = supply voltage 

Fi = input signal frequency 

NSW = number of bits switching 

Cpd = dynamic power-dissipation capacitance 

In the case of single-bit switching, NSW = 1. 

Because most of the power is consumed in moving 
charges in the parasitic capacitor in the CMOS gates, 
dynamic supply current is dominant in CMOS circuits. As a 
result, the simplified model of a CMOS circuit consisting of 
several gates can be viewed as one large capacitor that is 
charged and discharged between the power-supply rails. 
Therefore, the power–dissipation capacitance (Cpd) is often 
specified as a measure of this equivalent capacitance and is 
used to approximate the dynamic power consumption. Cpd is 
defined as the internal equivalent capacitance of a device 
calculated by measuring operating current without load 
capacitance. Depending on the output switching capability, 
Cpd can be measured with no output switching (output 
disabled) or with any of the outputs switching (output 
enabled). Cpd is discussed in greater detail in the next section. 
[4] 

Capacitive-Load Power Consumption 

Additional power is consumed in charging external load 
capacitance and is dependent on switching frequency. The 
following equation can be used to calculate this power if all 
outputs have the same load and are switching at the same 
output frequency: 

PL =CL*V 2DD *fO*NSW 

Where: 

PL = capacitive-load power consumption 

VDD = supply voltage 

fO = output signal frequency 

CL = external (load) capacitance 

NSW = total number of outputs switching 

Therefore, dynamic power consumption (PD) is the sum 
of these two power consumptions and can be expressed as 
shown: 

PD = PT+PL 
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Total power consumption is the sum of static and 
dynamic power consumption. 

Ptot = P(static)*P(dynamic) 

IV. RESULTS AND CONCLUSION 

Figures 9,10 and 11 show the transient response of each 

type of inverters.  The CMOS gives the best results in terms 

of the output shape, and the amount of current passing in the 

circuit. While the other two Inverters Suffer from the current 

flow substantially, which causes an increase in the 

consumption of power 

 

 
Fig 9 The transient characteristics of the CMOS Inverter 

 

 

 
Fig 10 The transient characteristics of Resistively loaded NMOS Inverter 

 

 

 
Fig 11 NMOS saturated Enhancement Load inverter 

 
Fig 12 The total power dissipated in the CMOS Inverter 

 

 
Fig 13 The total power dissipated in the Resistively loaded NMOS Inverter 

 

 
Fig 14 The total power dissipated in the NMOS saturated Enhancement 

Load inverter 

 

TABLE 1 THE MEASURED DISSIPATED POWER VALUES  

Inverter 

Architecture 
Total Power Static Power Dynamic Power 

CMOS 1.3294*10-7 2.809*10-12 1.3293*10-7 

Resistively 

loaded 
7.2351*10-4 2.809*10-12 7.2350*10-4 

NMOS E-Load 7.8560*10-4 2.723*10-12 7.8559*10-4 
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From the Table 1 we found that the three circuits styles 

suffering from the static power at the same value because of 

the leakage current, while the total power dissipated in the 

CMOS Inverter is the less one due to the reduction in the 

dynamic power consumption. 
  

The major driving force behind the development of digital 

circuits was the need for devices with minimum power 

consumption. In addition to this, reducing power 

consumption makes the device more reliable.  

CMOS devices are best known for low power consumption. 

However, simply knowing that CMOS inverter use less 

power than equivalent devices from other architectures is 

not sufficient. Additionally, CMOS architecture has 

problems in terms of complexity and the for more area 

where we need to fabricate NMOS and PMOS transistors on 

the chip. 
. 
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