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ABSTRACT
Three-operand binary adder is the basic functional unit to perform the modular arithmetic in
various cryptography and pseudorandom bit generator (PRBG) algorithms and also used in many
applications. Carry save adder (CS3A) is the widely used technique to perform the three-operand
addition. In carry save adder at final stage uses ripple carry adder which will cause large critical
path delay. Moreover, a parallel prefix two-operand adder such as Han-Carlson (HCA) can also
be used for three-operand addition that significantly reduces the critical path delay with more
area complexity. Hence, a new high-speed and area-efficient adder architecture is proposed using
pre-compute bitwise addition followed by carry prefix computation logic to perform the threeoperand binary addition that consumes substantially less area and less delay. When compare to
existing design like three operand carry save adder and two operands based three operand HanCarlson adder the proposed design consumes less area and less delay. The synthesis and
simulation are verified by using Xilinx ISE 14.7 Tool.
Keywords:Three-operand adder, carry save adder (CSA), Han-Carlson adder (HCA), modular
arithmetic.
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The three-operand binary addition is one of

Fig.1:Three-operand carry-save adder (CS3A)
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showing critical path delay.
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and
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implemented either by using two stages of
two-operand adders or one stage of threeoperand adder. Carry-save adder (CSA) is
the commonly used technique to perform the

The major drawback of the CS3A is the

three-operand binary addition. It computes

larger critical path delay which increases
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logic and sum logic. The logical diagram of
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four stages are defined as follows,
Fig.2: Block level architecture of HCA-

Stage-1: Bit Addition Logic:

based three-operand adder (HC3A).
Essentially, the Han-Carlson adder provides
a reasonably good speed at low gate
complexity as compared to other existing
two-operand adder techniques. It has the

Stage-2: Base Logic:

lowest area delay product (ADP) and powerdelay product (PDP) among all. Thus, the
three-operand addition can be performed
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Logic:

Stage-4: Sum Logic:

The proposed VLSI architecture of the
three-operand binary adder and its internal
structure is shown in above figure. The new
adder technique performs the addition of
three n-bit binary inputs in four different
stages. In the first stage (bit-addition logic),
the bitwise addition of three n-bit binary
input operands is performed with the array
of full adders, and each full adder computes
“sum (𝑆 𝑖 )” and “carry (𝑐𝑦𝑖 )” signals. The
logical expressions for computing sum

(𝑆𝑖 ) and carry (𝑐𝑦𝑖 ) signals are defined in

Stage-1, and the logicaldiagram of the bitaddition logic is similar to full adder.

Fig.5: Logic diagram black-cell and greycell.Fig.6: RTL Diagram
METHODS OR TECHNIQUES USED
Xilinx Tools is a suite of software tools used
for

the

design

implemented

of

using

digital

circuits

Xilinx

Field

Programmable Gate Array (FPGA) or
Complex

Programmable

Logic

Device

(CPLD). The design procedure consists of
(a)

design

entry,

(b)

synthesis

and

implementation of the design, (c) functional
simulation and (d) testing and verification.
Digital designs can be entered in various
ways using the above CAD tools: using a
schematic entry tool, using a hardware
description language (HDL) – Verilog or
VHDL or a combination of both. In this lab
we will only use the design flow that

Fig.3: Proposed three-operand

involves the use of Verilog HDL.

adderFig.4:Logical diagram of bit
addition,base logic,sum logic
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RESULT
The proposed architectures have been
designed under the design environment for
comparing the results justifiably.

Fig.7: Area Report
Fig.8: Simulation result

Fig.9: Delay Report Fig.10: Block
Diagram
3. Advanced Microprocessor design.
4. Pseudorandom bit generator (PRBG)
algorithms.
5. Cryptography.

CONCLUSION
In this paper, a high-speed area-efficient
APPLICATIONS
1. Arithmetic logic units.
2. High speed Multiplications.
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algorithms. The proposed three-operand

improvement in the parameters like area and

adder technique is a parallel prefix adder

delay.

that uses four-stage structures to compute
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