Implementation of 4-Bit Ripple Carry Adder
Using Optimized 10T Full Adder in eSim
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Theory / Description:

Adders are the fundamental building blocks of arithmetic logic units (ALUS) and play
a critical role in digital systems. Among different adder architectures, the Ripple Carry Adder
(RCA) is widely used due to its simple structure. However, conventional CMOS-based RCAS
suffer from high transistor count, larger chip area, and increased power consumption.

A standard CMOS Full Adder requires 28 transistors, leading to 112 transistors for a 4-bit
RCA. To address this limitation, an optimized 10-transistor (10T) Full Adder is employed
to implement the RCA, reducing the overall transistor count to 40. This reduction in transistor
count leads to lower power dissipation, smaller area utilization, and improved performance.

In this work, a 4-bit Ripple Carry Adder using 10T Full Adders has been designed and
simulated using eSim. The performance parameters such as functionality, transistor count,
and simulation results are analyzed and compared with conventional CMOS RCA designs.

Circuit Diagram(s)
AND Gate:

e The AND gate has been implemented using Pass Transistor Logic (PTL).

e Only 2 transistors are used to realize the AND function, significantly reducing transistor
count compared to CMOS logic.

e The schematic has been designed and the subcircuit created in eSim for reuse in higher-
level designs.
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Schematic Diagram of AND gate Subcircuit of AND gate




OR Gate:

The OR gate is also implemented using Pass Transistor Logic (PTL).

o Similar to the AND gate, it requires only 2 transistors, making it compact and area-
efficient.

e The schematic diagram and corresponding subcircuit were created in eSim.

mosfet_n
™
AN
o] -
[=3
H |

| TF.:

—

> O
A
Ll

\WEYR

Schematic Diagram of OR gate Subcircuit of OR gate

XOR Gate:

e The XOR gate has been designed based on the transistor-level schematic.

e Itisrealized with pass-transistor based switching, which efficiently produces the
exclusive OR output.

e The schematic and subcircuit have been created in eSim for integration into the Full
Adder design.
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Schematic Diagram of XOR gate Subciruit of XOR gate



FULL ADDER:

e The Full Adder is designed using a combination of 2T AND, 2T OR, and optimized
XOR gates.

e The structure requires only 10 transistors, compared to 28 transistors in conventional
CMOS Full Adders.

o Both SUM and CARRY outputs are generated, and the subcircuit has been created in

eSim for cascading in RCA.
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Schematic Diagram of FULL ADDER
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Subcircuit of Full Adder

4-BIR RIPPLE CARRY ADDER:

The 4-bit RCA is constructed by cascading four 10T Full Adders.

ripple effect.
e The schematic was implemented in eSim, using the Full Adder subcircuits.
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The carry-out of one stage is connected to the carry-in of the next stage, creating the

FULL_ADD
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Subcircuit of 4-Bit RCA



4-BIT RCATEST CIRCUIT:

e Atestbench circuit was created in eSim to verify the functionality of the 4-bit RCA.

o Input vectors were applied, and the corresponding SUM and CARRY outputs were observed
through ngspice simulations.

e This verified the correctness of the proposed 10T RCA design
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4 Bit RCA test circuit



TRUTH TABLE:

Al A0 Bl B0 Cour S2 S1 S0
0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0
0 0 1 0 0 0 0 0
0 0 1 1 0 0 0 0
0 1 0 0 0 0 0 0
0 1 0 1 0 0 0 |
0 1 1 0 0 0 | 0
0 1 1 1 0 0 | |
1 0 0 0 0 0 0 0
1 0 0 1 0 0 | 0
1 0 1 0 0 | 0 0
1 0 1 1 0 | | 0
1 1 0 0 0 0 0 0
1 1 0 1 0 0 | |
1 1 1 0 0 | | 0
1 1 1 1 1 0 0 |

4-Bit RCA Truth Table
RESULTS/OUTPUT:

e ngspice Simulation:
The designed 4-bit Ripple Carry Adder was simulated using ngspice in eSim. The
simulation verified the SUM and CARRY outputs for all possible input
combinations, confirming correct logical behavior.

o Waveform Verification:
The stacked transient output waveform clearly shows the correct generation of
SUM (S0-S3) and CARRY outputs with respect to different input combinations.
This validates the functionality of the 10T Full Adder based 4-bit RCA.
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4 Bit RCA Output Planner

e Performance Analysis:
o The proposed 10T design reduces the transistor count from 112
(conventional CMOS RCA) to 40 (10T RCA).
o Due to fewer transistors, the design shows lower area utilization and
reduced power dissipation, making it more efficient for VLSI applications.
o Propagation delay is also reduced since the carry logic is optimized with pass-
transistor structures.
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