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Introduction
The logic gates are electronic devices which produces logical 

output on basis of given one or more input.1,2 Application of logic gates 
includes from small decision making devices, big calculating devices 
to huge super computers.3,4 There are many logic gates to implement 
various Boolean logics among which two gates are considered 
universal. Charles Sanders Peirce showed in his work that designing 
of all basic logical gates is possible by using universal logical gates 
i.e. NAND & NOR.5–7 But it was first published by Henry M Sheffer.8 

Here, we used NAND to study the change in output with different 
designing technologies. The used tool tanner is characterized by its 
five windows via S–edit, T–spice, W–edit, L–edit, and LVS. Using 
these one can analyse the circuit transients and can do AC and DC 
analyses. Now the questions arise are:

a.	 Why NAND only NOT NOR?

b.	 What are these different Technologies for designing?

c.	 Why these Technologies are defined by Length of Transistors?

The practical aspects of designing are sufficient for answering the 
above question and satisfactorily explain the consideration of NAND 
gate. These are explained as:

NAND only NOT NOR

a.	 Delay time in NAND gate is less than NOR gate: Series connection 
of PMOS increases the resistance of the circuit and hence delay 
time is more than NMOS. 

b.	 Area required for NAND structure is less than NOR layout. 
The reason this is to get equivalent channel length for current 
modulation is more in NOR than NAND because the mobility of 
holes is approximately three times less than mobility of electrons.

c.	 There is less gate leakage current in NAND structure.

Size of transistors used for manufacturing is same for PMOS and 
NMOS in case of NAND gate whereas in NOR gate.

Different technologies and why are defined by length 
of transistor

The different technologies are predefined manufacturing 
parameters of electronics elements used for simulation and designing 
of circuits. In case of transistors they are defined by length of 
transistors.9–11 Transistor length is used to define technologies instead 
of width of it because current modulation is characterized by channel 
length.11–14

Logic gates

NAND gate: This is a NOT–AND gate which is equal to an AND 
gate followed by a NOT gate. The outputs of all NAND gates are high 
if any of the inputs are low. The symbol is an AND gate with a small 
circle on the output. The small circle represents inversion (Figure 1).

NOT gate: The NOT gate is an electronic circuit that produces an 
inverted version of the input at its output. It is also known as an 
inverter. If the input variable is A, the inverted output is known as 
NOT A. This is also shown as A’, or A with a bar over the top, as 
shown at the outputs. The diagrams below show two ways that the 
NAND logic gate can be configured to produce a NOT gate. It can 
also be done using NOR logic gates in the same way (Figure 2).

AND gate: The AND gate is an electronic circuit that gives 
a high output (1) only if all its inputs are high. A dot (.) is used to show 
the AND operation i.e. A.B. Bear in mind that this dot is sometimes 
omitted i.e. AB (Figure 3).

OR gate: The OR gate is an electronic circuit that gives a high output 
(1) if one or more of its inputs are high. A plus (+) is used to show the 
OR operation (Figure 4).

NOR gate: When OR gate is followed by NOT gate then NOR gate is 
formed. The outputs of all NOR gates are low if any of the inputs are 
high. The symbol is an OR gate with a small circle on the output. The 
small circle represents inversion (Figure 5).
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Abstract

This paper provides the comparative study among various fabrication technologies 
for the same logical circuits based on NAND gate. The tool used for this analysis 
is Tanner which is an EDA tool and used for full custom designing of electronic 
circuits. The NAND gate is formed by CMOS only. The different technologies give 
varied output parameters with given input parameters. Hence, the main utilization 
of this study is to opt best suited technology for particular output parameter ranges 
for specified input parameter ranges for different applications based on logical gates. 
The conventional device generally used, consumes high power and is not stable with 
frequency variations. Therefore, a comparative analysis using different technologies 
is proposed, which has been useful for designing optimal conventional logics. The 
study is based on simulation of power consumption, noise analysis and frequency 
compensation technique of different gates.
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Figure 1 NAND gate circuit with its input- output waveforms.

Figure 2 NOT gate circuit with its input- output waveforms.

Figure 3 AND gate circuit with its input- output waveforms.
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Figure 4 OR gate circuit with its input- output waveforms.

Figure 5 NOR gate circuit with its input- output waveforms.

Results after simulation of all circuits
Simulation of all above circuits designed in S–edit is done and 

various parameters like power consumption, input–output noise 
voltages and delay time etc. are obtained using T–spice and are 
summarized in the following Table (1–5).

Graphical representation of results

The results represented in form of pie–charts are as follows for 
better visualization (Figure 6–17).

Figure 6 Pie Chart of Power Comparison of different gates using 90nm design file.
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Table 1 Power comparison

Power comparison of gates using different data files

Data files(in nm)

GATES Power(in watts) 90 180 250

AND

Maximum power 6.68E-03 1.11E-02 7.70.E-03

Average power 1.22E-04 1.03E-04 1.01E-04

Minimum power 7.06E-10 1.39E-04 1.32E-10

OR

Maximum power 9.17E-03 1.26E-02 8.84E-03

Average power 1.51E-04 1.28E-04 1.21E-04

Minimum power 1.12E-09 1.79E-10 1.60E-10

NAND

Maximum power 4.93E-03 7.74E-03 5.63E-03

Average power 7.05E-05 7.30E-05 6.46E-05

Minimum power 4.42E-12 1.41E-12 2.79E-11

NOT

Maximum power 4.93E-03 7.74E-03 5.63E-03

Average power 7.05E-05 7.30E-05 6.46E-05

Minimum power 4.42E-12 1.41E-12 2.79E-11

NOR

Maximum power 1.08E-02 1.57E-02 1.05E-02

Average power 1.28E-04 1.17E-04 1.06E-04

Minimum power 2.19E-10 2.12E-10 1.21E-10

Table 2 Noise voltage comparison

Noise voltage comparison

Data files(in nm)

GATES Measurement 90 180 250

AND
Input noise 24.38220u V 25.83463u V 27.02869u V

Output noise 221.65349K V 12.28445X V 12.81874X V

OR
Input noise 24.38223u V 25.83465u V 27.02872u V

Output noise 338.17777K V 16.55291X V 15.38984X V

NAND
Input noise 27.57381u V 21.13712u V 26.50244u V

Output noise 820.03865m V 12.98139 V 12.33618 V

NOR
Input noise 27.57375u V 21.13710u V 26.50240u V

Output noise 136.80313G V 174.22433T V 189.89311T V

NOT
Input noise 27.57381u V 21.13712u V 26.50244u V

Output noise 321.79163m V 2.24458 V 2.55462 V
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Table 3 Rise time measurements table

Rise time measurements

Data files(in nm)

GATES Measurement 90 180 250

AND

Rise time 2.56E-09 1.34E-09 2.07E-09

Trigger 2.09E-09 2.24E-09 2.25E-09

Target 4.64.E-09 3.58.E-09 4.32E-09

OR

Rise time 2.57E-09 1.36E-09 2.08E-09

Trigger 2.00E-09 2.19E-09 2.22E-09

Target 4.56E-09 3.54E-09 4.30E-09

NAND

Rise time 3.10E-09 2.36E-09 3.09E-09

Trigger 1.04E-07 1.03E-07 1.03E-07

Target 1.07E-07 1.05E-07 1.06E-07

NOT

Rise time 3.10E-09 2.36E-09 3.09E-09

Trigger 1.04E-07 1.03E-07 1.03E-07

Target 1.07E-07 1.05E-07 1.06E-07

NOR

Rise time 2.70E-09 1.39E-09 2.39E-09

Trigger 1.04E-07 1.03E-07 1.04E-07

Target 1.07E-07 1.05E-07 1.06E-07

Table 4 Fall time measurements

Fall time measurements

Data files(in nm)

GATES Measurements 90 180 250

AND

Fall time 2.34E-09 2.83E-09 3.17E-09

Trigger 1.03E-07 1.03E-07 1.03E-07

Target 1.05E-07 1.05E-07 1.06E-07

OR

Fall time 2.45E-09 2.81E-09 3.16E-09

Trigger 1.03E-07 1.03E-07 1.03E-07

Target 1.05E-07 1.05E-07 1.06E-07

NAND

Fall time 2.37E-09 2.61E-09 2.87E-09

Trigger 1.80E-09 2.02E-09 2.06E-09

Target 4.16E-09 4.63E-09 4.93E-09

NOT

Fall time 2.37E-09 2.61E-09 2.87E-09

Trigger 1.80E-09 2.02E-09 2.06E-09

Target 4.16E-09 4.63E-09 4.93E-09

NOR

Fall time 1.74E-09 2.08E-09 2.40E-09

Trigger 2.02E-09 2.31E-09 2.31E-09

Target 3.76E-09 4.40E-09 4.71E-09
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Table 5 AC gain measurements

Ac gain measurements

Data files(in nm)

GATES 90 180 250

AND -9.43E+01 -9.93E+01 -9.81E+01

OR -9.43E+01 -9.93E+01 -9.81E+01

NOT -4.70.E+01 -5.25E+01 -5.08E+01

NOR -1.41E+02 -1.51E+02 -1.48E+02

NAND -4.70E+01 -5.25E+01 -5.08E+01

Figure 7 Pie Chart of Power Comparison of different gates using 180nm 

design file.

Figure 8 Pie Chart of Power Comparison of different gates using 250nm 
design file.

Figure 9 Rise Time Comparison of different gates using 90nm design file.

Figure 10 Rise Time Comparison of different gates using 180nm design file.

Figure 11 Rise Time Comparison of different gates using 250nm design file.

Figure 12 Fall Time Comparison of different gates using 90nm design file. 

Figure 13 Fall Time Comparison of different gates using 180nm design file.
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Figure 14 Fall Time Comparison of different gates using 250nm design file.

Figure 15 AC Gain Comparison of different gates using 90nm design file.

Figure 16 AC Gain Comparison of different gates using 180nm design file. 

Figure 17 AC Gain Comparison of different gates using 250nm design file.

Conclusion
The result of above study can be concluded as following points:

a.	 It is known that decreasing the size of transistor the average 
power consumption increases with increment in minimum power and 
decrement in maximum power but the maximum power is highest and 
minimum power is minimum in 180nm.

b.	 The input noise in 180nm is minimum and output noise is 
decreasing with size thus if output noise can be improved by some 
means then 180nm technology will be the best technology among 
these three in terms of noise parameters. 

c.	 180nm has highest gain among three technology considered.

d.	 The fall time is decreasing with decrement in size with least 
rise time in 180nm technology thus total transit time of 180nm is 
minimum than other two.

Future work
This study may be extended for further improvements in terms of 

power and size, besides the wiring and layout characteristics level.
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