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Abstract:

Reduction of computational costs can be achieved effectively by approximate computing. With this approach,
the circuit's power use, latency, and area are traded off against computational precision. For various
applications, the accuracy requirements could change, never the less. In some circumstances, precise outcomes
are necessary. In order to compute accurate or approximate results, we used the construction of the radix-4
adder using domino logic. As we take reference circuit of radix-4 adder with 2 2 bit adders are to be added.
This circuit includes the combination of AND gates, OR gates, NOR gates and XOR gates. This reference circuit
has three outputs and five inputs. Also, this circuit has a good power reduction capability, but by using the
domino logic we can reduce even more power consumption in the circuit. In this the domino logic is
implemented to the one path of the reference circuit by using the domino logic. So, we can get the same output
with a better power reduction process. As we compared the both circuits, the area and the power consumption
was greatly reduces in the domino logic implemented circuit
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I. Introduction

Power consumption and performance are the two primary issues these applications face when
developing their circuits. However, due to the limitations of human eyesight, even inaccurate calculations can
lead to beneficial results for individuals. In the field of digital circuits and computer arithmetic, adders are
essential building blocks used to perform arithmetic operations on binary numbers. The traditional radix-2 adder
is widely used in most digital systems, but it has limitations in terms of speed and efficiency. This has led to the
development of more advanced adder architectures, such as the radix-4 adder. The radix-4 adder is a digital
circuit that performs binary addition using a radix-4 number system, which allows for more efficient
computation than traditional radix-2 systems. It achieves this by breaking down the input binary numbers into
groups of four bits and performing addition on each group separately. The individual group additions are then
combined using carry-select adder stages to produce the final sum. The use of a radix-4 number system in the
design of the adder offers several advantages over the traditional radix-2 system. For example, it allows for four
possible values per digit, which reduces the humber of digits required to represent a given number, leading to
fewer logic gates needed to perform addition. This results in shorter propagation delays and faster overall
computation times. However, the increased complexity of the radix-4 adder, which requires additional circuitry,
can be a drawback.

Il. Existing Method

The Existing method of the project has five inputs along with carry input and a set of two inputs of
Ai+1, Bi+1, Ai, Bi and Cin. This existing method is known as Conventional Radix 4 Adder. This also consists
of three outputs of carry out, Sumi+1 and Sumi. This is the simple adder which consists of AND Gate, OR Gate,
NOR Gate, XOR Gate and an inverter. As these are connected with a specific time slots and according to the
specific algorithmic equation the circuit is connected. Then the functioning of the Conventional Adder circuit is
as there are five inputs connected to the specific logic gates as shown in the figure. The logical equation of
above figure is as follows

Cout = Ai+1Bi+1 + (AiBi)(Ai+1 + Bi+1) + Cin((Ai + Bi) (Ai+1+ Bis1))

Sumi+1 = (Ainé® Bin) @(ABi + CinAi+ CinBi)
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Sumi = (Aib Bi) & Cin
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Figure No 1: Circuit diagram of Radix 4 Adder

I11. Proposed Method

Introduction to Domino Logic

Domino logic is one of the most effective circuit configurations for implementing high speed logic
designs. Domino circuits offer the advantages of faster transitions and glitch-free operation. Domino logic is a
CMOS-based evolution of the dynamic logic techniques based on either PMOS or NMOS transistors. It runs
1.5-2 times faster than static CMOS logic because dynamic gates present much lower input capacitance for the
same output current and a lower switching threshold. In Domino logic a single clock is used to precharge and
evaluate a cascaded set of dynamic logic blocks
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FIGURE 2: Domino Logic

Radix 4 Adder Using Domino Logic

In digital circuits, adders are important components used to perform arithmetic operations on binary
numbers. Radix-4 adders are a type of adder that can add four binary digits in parallel. However, the traditional
carry path used in radix-4 adders can limit the speed and power efficiency of the circuit. In this matter, we will
discuss how the carry path of a radix-4 adder can be replaced with domino logic to improve its performance.
Domino logic is a type of dynamic logic that uses precharged nodes and pass-transistor logic to reduce the delay
in the circuit. In domino logic, the precharge phase charges the nodes to a pre-defined voltage level, and the
evaluate phase switches the nodes based on the input signals. This technique allows for faster switching times
and lower power consumption compared to traditional static CMOS logic.

Replacing the carry path of a radix-4 adder with domino logic involves modifying the internal structure
of the adder. In the traditional radix-4 adder, the carry path consists of a series of full adders that propagate the
carry from one stage to the next. In the modified adder, the full adders are replaced with domino logic gates that
perform the same function. Specifically, each full adder is replaced with a domino adder that uses precharged
nodes and pass-transistor logic to propagate the carry signal. The domino adder consists of two stages, the
precharge stage and the evaluate stage. In the precharge stage, the internal nodes of the adder are precharged to a
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high voltage level. The inputs to the adder are then applied during the evaluate stage, causing the nodes to
switch based on the input signals. The output of the domino adder is then latched using a traditional static
CMOS latch to ensure that it maintains its value until the next clock cycle. Replacing the carry path of a radix-4
adder with domino logic can provide several benefits. First, the use of dynamic logic can reduce the delay in the
carry path, improving the overall speed of the adder. Second, the precharged nodes and pass-transistor logic
used in domino logic can reduce power consumption, making the adder more energy-efficient. Finally, the
smaller size of the domino logic gates can reduce the area of the adder, making it more compact and easier to
integrate into larger circuits.

1V. Result

' Figure No 3 : Circuit Diagram of Radix 4 Adder

Figure No 3 shows the existing circuit of radix-4 adder which is a combination of AND, OR,NOR, XOR and
Inverter of Static CMOS logic gates. In this circuit the logic gates are connected with a five inputs which are
Ai+1, Ai, Bi+1, Bi and CIN with the outputs of COUT, SUMi+1,SUMi. The above circuit consumes the power
of 1.6838UWatts. The number of transistors present in the circuit is 98 with the time delay of 149.96ns.
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Figure No 4 : Waveforms

80

o Radix 4 Adder

Figure No 4 shows the output waveforms of the radix -4 adder which is the existing adder of the project. This
contains five inputs and three outputs. These waveforms are generated in the Mentor Graphic Software. In this
circuit the logic gates are connected with a five inputs which are Ai+1, Ai, Bi+1, Bi and CIN with the outputs of
COUT, SUMi+1,SUMi.

"

Figure No 5: Circuit Diagram of Radix 4 Adder Using Domino logic

The Figure No 5 shows the circuit diagram of radix-4 Adder which is proposed method using domino
logic. In this circuit the logic gates are connected with a five inputs which are Ai+1, Ai, Bi+1, Bi, CIN and CLK
with the outputs of COUT, SUMi+1,SUMi. In this circuit some part of the circuit is modified with domino logic
as shown in the left side of the circuit. The domino logic is done by using the logarithmic equation of the
COUT. By that the power consumption by the circuit is greatly reduced. The power consumed by the above
circuit is 1.1000UWatts. The number of transistors present in the circuit is reduced by 9 CMOS transistors. The

number of transistors present in the circuit is 89 with the time delay of 99.827ns.

Time(ns|
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Figure No 6 : Waveforms of Radix 4 Adder using Domino logic

The above figure is the waveform or the result of radix-4 Adder which is a proposed method using
domino logic. In this circuit the logic gates are connected with a five inputs which are Ai+1, Ai, Bi+1, Bi, CIN
and CLK with the outputs of COUT, SUMi+1,SUMi. The waveforms are generated as same as the existing
adder but in this there is an extra input which is clock given to the domino logic which is a crucial input to the
circuit and decides the way of outputs in the waveform.

Comparison:

Table No 1: Power comparison of Existing and Designed Adders

ADDER POWER
Radix-4 Adder 1.6838UWatts
Radix-4 Adder using DOMINO LOGIC 1.1000UWatts

Table No 1 shows the power comparison between the existing adder and the modified radix 4 adder using
domino logic. In that the power consumed by the conventional radix 4 adder consumes the power of
1.6838UWatts. The modified radix 4 adder using domino logic consumes the power of 1.1000UWatts. By that
the modified adder reduces the power by 33% than the conventional radix 4 adder.

Table No 2: Transistor Comparison of Existing and Designed circuit

ADDER NUMBER OF TRANSISTORS
Radix-4 Adder 98
Radix-4 Adder using DOMINO LOGIC 89

Table No 2 shows the transistor comparison between the existing adder and the modified radix 4 adder
using domino logic. In that the number of transistors used by the conventional radix 4 adder is 98 and the
number of transistors used by the designed adder is 89. Therefore 9 transistors are reduced in the designed
circuit. So that the area of the circuit is also reduced.
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Table No 3: Delay Comparison of Existing and Designed Circuit

ADDER DELAY
Radix-4 Adder 149.96ns
Radix-4 Adder using DOMINO LOGIC 99.827ns

Table No 3 shows the delay comparison between the existing adder and the modified radix 4 adder using
domino logic. In that the time delay for the radix 4 adder is 149.96ns and the time delay for the radix 4 adder
using the domino logic has the time delay of 99.827ns. So that the delay is reduced in the designed circuit.

V. Conclusion

In this both circuits are constructed and compared the parameters of power, area and number of
transistors of the circuit. The existing method is designed by using static CMOS gates has 98 CMOS transistors
in the circuit with the power consumption of 1.6838UWatts. The proposed method of Radix-4 Adder using
Domino logic uses 89 CMOS transistors with a power consumption of 1.1000UWatts. By using the domino
logic in the radix-4 adder the number of transistors are reduced by 9 and the power consumption is reduced by
65%. The reference circuit has the delay of 149.96ns and the domino logic used adder has the delay of 99.827ns
which is more accurate than the existing circuit by 66%.

In future by using adiabatic logic, Power gating technique and Error correction techniques are used to
reduce even more power consumption, area in the circuit.

References

[1]. Dr. Savita Sonoli, Basavarajeshwari K V, “A low power accuracy- configurable radix-4 adder using 8T XOR gate”,vol7, IJRTI,
ISSN:2456-3315, May 2022

[2]. V. Gupta, D. Mohapatra, A. Raghunathan and K. Roy, "Low-power digital signal processing using approximate adders", IEEE
Trans. Comput.-Aided Design Integr. Circuits Syst., vol. 32, no. 1, pp. 124-137, May.2016.

[3]. Mariano Aguirre-Hernandez and Monico Linares-Aranda, "CMOS Full-Adders for EnergyEfficient Arithmetic Applications”,
IEEE Transactions on Very Large Scale Integration (VLSI) Systems, vol. 19, no. 4, pp. 718-721, Apr. 2011.

[4]. B. Ramkumar and Harish M. Kittur, "Low-Power and Area-Efficient Carry Select Adder", IEEE Transactions on Very Large Scale
Integration (VLSI) Systems, vol. 20, no. 2, pp. 371-375, Feb. 2012.

[5] Shahzad Asif and Mark Vesterbacka, "Performance analysis of radix-4 adders", Integration the VLSI Journal, vol. 45, no. 2, pp. 111-
120, Mar. 2012.

[6]. H. Afzali-Kusha, M. Kamal and M. Pedram, "Low-power accuracy-configurable carry look-ahead adder based on voltage
overscaling technique", Proc. 21st Int. Symp. Qual. Electron. Design (ISQED), pp. 67-72, Mar. 2020.

[7]. N. Van Toan and J.-G. Lee, "FPGA-based multi-level approximate multipliers for high-performance error-resilient
applications", IEEE Access, vol. 8, pp. 25481-25497, 2020

[8]. C. Yang and H. Jiao, "Low power Karnaugh map approximate adder for error compensation in loop accumulations", Proc. Int. Conf.

IC Design Technol. (ICICDT), pp. 1-4, Jun. 2019.

[9]. V. Gupta, D. Mohapatra, A. Raghunathan and K. Roy, "Low-power digital signal processing using approximate adders", IEEE Trans.
Comput.-Aided Design Integr. Circuits Syst., vol. 32, no. 1, pp. 124-137, Jan. 2013.

[10]. D. Esposito, D. De Caro, E. Napoli, N. Petra and A. G. M. Strollo, "On the use of approximate adders in carry-save multiplier-
accumulators", Proc. IEEE Int. Symp. Circuits Syst. (ISCAS), pp. 1-4, May 2017.

[11].  W. Xu, S. S. Sapatnekar and J. Hu, "A simple yet efficient accuracy-configurable adder design", IEEE Trans. Very Large Scale Integr.
(VLSI) Syst., vol. 26, no. 6, pp. 1112-1125, Jun. 2018.

[12].  O. Akbari, M. Kamal, A. Afzali-Kusha and M. Pedram, "Dual-quality 4:2 compressors for utilizing in dynamic accuracy configurable
multipliers", IEEE Trans. Very Large Scale Integr. (VLSI) Syst., vol. 25, no. 4, pp. 1352-1361, Apr. 2017.

[13]. H. Afzali-Kusha, M. Kamal and M. Pedram, "Low-power accuracy-configurable carry look-ahead adder based on voltage
overscaling technique", Proc. 21st Int. Symp. Qual. Electron. Design (ISQED), pp. 67-72, Mar. 2020.

[14].  B. Sakthivel and A. Padma, "Area and delay efficient GDI based accuracy configurable adder design”, Microprocessors Microsyst.,
vol. 73, Mar. 2020

i Vankayalapati Pavan Srikar, et. al. "A Low Power Radix-4 Adder Using Domino Logic." IOSR |
' Journal of Electronics and Communication Engineering (IOSR-JECE) 18(2), (2023): pp 10-15. :
| 1

DOI: 10.9790/2834-1802011015 www.iosrjournals.org 15 | Page



