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ABSTRACT 

 

Dynamic power dissipation is one of the most critical 

parameters in CMOS digital circuits design. In this work, 

a fast method to estimate the intrinsic power 

consumption, based on transistor capacitance model, is 

proposed. Experimental results have been carried out, and 

good correlation with SPICE simulation was obtained. 

 

1. INTRODUCTION 

 

Power dissipation is no longer a secondary issue in 

CMOS digital design [1]. The increasing complexity and 

high-performance requirements of modern integrated 

circuits have led to high power consumption.  

Transistor level simulators with continuous-time 

modeling of the devices, like SPICE, can be very 

expensive in terms of storage and computation time. 

Hence, a great effort has been devoted in the development 

of accurate analytical expressions power models [2-4]. 

Traditional gate-level power estimations are based on 

the simplified assumption that the supply current required 

by a CMOS circuit is essentially spent in charging load 

capacitances at outputs of the switching gates [5]. These 

output capacitances are mainly composed by the input 

capacitances of next interconnected gates. However, 

intrinsic capacitances also contribute for the power 

dissipation and cannot be neglected in the cell power 

estimation analysis, being a significant element in the cell 

power estimation analysis. 

In this context, the main goal of this work is to 

provide an analytical model to estimate intrinsic power 

consumption based on the charge required by intrinsic 

capacitances associated to a CMOS cell. 

 

2. PROPOSED MODEL 

 

The MOS capacitances can be divided in gate (CG), 

depletion (CDB and CDS) and overlap (CGD and CGS) 

capacitances, as shown in Fig. 1a. In this work, a 

simplified model that considers only the intrinsic 

capacitance, illustrated in Fig. 1b, is used. The drain and 

source capacitances are defined as follow: 
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All capacitances are a linear function of the transistor 

width and can be modeled as follow: 
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where, K is a constant value that modeling the transistor 

width dependence, W is the transistor width, Wmin is the 

minimum transistor width and Cmin is the capacitance for 

the minimum transistor width. 

 

 
 

(a) (b) 

Figure 1 – Capacitance model: (a) MOSFET and (b) 

simplified approach. 

 

Disregarding the process variability, the drain and 

source area can be considered the same and, 

consequently, CDB = CSB = CDEP.  

In the proposed analysis, MOS transistor is evaluated 

in cutoff and saturation regions. Linear region is ignored 

since it is a transitory state and it does not compromise 

the model accuracy. According to [6], CGD is considered 

always zero and CGS is 2/3*CG in saturation mode. 

Based on previous statement, the intrinsic capacitance 

can be modeled as shown in Table 1. 

Table 1 – Intrinsic capacitances modeling. 

Capacitance Cutoff State Saturation State 

CD CDEP(w) CDEP (w) 

CS CDEP (w) CDEP (w) + 2/3*CG(w) 

 

 

 



2.1. Parameter Extraction 

 

The CDEP parameters, K and Cmin, for a NMOS 

transistor are extracted from electrical simulation using 

the structure depicted in Fig. 2a, while the structure 

illustrated in Fig. 2b is used to extract the CG parameter.  

Two simulations with different transistor width (Wmin 

and 5*Wmin) are performed for each structure. The 

integral of the current value is measure, according 

equation (4), during the signal transition:  
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These simulations provide two capacitance values, 

Cmin and C5min for two different transistor widths, Wmin and 

W5min, making possible modeling the capacitance 

according equation (3). 

The Cmin value is obtained directly from the Wmin 

simulation. The K value is obtained from equation (5): 
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The PMOS parameters are extracted using similar 

procedure. 

 

2.2. Capacitance Charged by Threshold Voltage 

 

NMOS transistor is not good conductor of logic value 

‘1’, while the PMOS one is not good conductor of logic 

value ‘0’. In these cases, the intrinsic capacitances in the 

terminals of these transistors are already charged by the 

threshold voltage. To consider this charge in the final 

power consumption the capacitances are replaced by 

equation (7) and (8). 

D

dd

thdd

VthD C
V

VV
C 







 −
=

+

 

(7) 

S

dd

thdd

VthS C
V

VV
C 







 −
=

+

 

(8) 

 

2.3. Case Study: Method Demonstration 

 

To illustrate the procedure described in the previous 

sub-section, the gate depicted in Fig. 3 is used as 

example. Considering the initial input vector [a,b,c] = 

[0,1,1], the transition in input ‘c’ from ‘1’ to ‘0’ results in 

the estimated intrinsic capacitances describe in Table 2. 

 

  
(a) (b) 

Figure 2 – Structure used to extract the parameters: 

(a) CDEP and (b) CG. 

 

Figure 3 – AND-OR-INV (AOI) CMOS gate. 

Table 2 – Intrinsic capacitances values for the logic 

gate depicted in Fig. 3. 

Capacitance Value 
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2.4. Power Consumption by Intrinsic Capacitances 

 

The power dissipated by the intrinsic capacitances of a 

CMOS gate is the one used to charge them. The discharge 

current is supplied by the charge stored in the 

capacitances and should not be accounted in total power 

consumption.  



Considering the previous statement, the power 

dissipated by the intrinsic capacitances is the one when 

the output changes from ‘0’ to ‘1’. The total intrinsic 

power consumption of a CMOS gate for a specific 

transition in the input vector is given by equation (9).  
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3. EXPERIMENTAL RESULTS 

 

To validate the proposed method, the results obtained 

analytically were correlated with HSPICE simulation 

data, considering a standard 130nm CMOS process. 

The logic gate presented in Fig. 3 was evaluated to all 

three input combinations when the output signal range 

from ‘0’ to ‘1’. The results shown in Table 3 demonstrate 

a good correlation to HSPICE simulation data. 

Table 3 – Intrinsic power estimation. 

Input vector 

transition 

[a,b,c] � [a,b,c] 

Proposed 

Model 

(fW) 

HSPICE 

Value 

(fW) 

Error 

(%) 

[0,1,1] � [0,1,0] 7,02 7,85 10,6 

[0,1,1] � [0,0,1] 5,98 6,90 13,3 

[1,0,0] � [0,0,0] 2,69 3,11 13,5 

 

4. CONCLUSIONS 

 

In this work a fast method to estimate the intrinsic 

power consumption of CMOS logic gates was presented. 

The model is based on the analysis of the intrinsic 

capacitances of logic gates. The results demonstrated a 

good correlation with the SPICE simulation. As future 

works it is intended to include the load and the short-

circuit power analysis to provide the total dynamic power 

estimative. The intrinsic and load capacitances are closely 

related to the logic cell delay. Thus, through the 

investigation of these components, a method for delay 

estimative may be easily obtained. 
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