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ABSTRACT: 

General-purpose personal computers (desktops and laptops) utilize much more power than their predecessors (on the order of a few 

watts) due to the CPUs' increasing complexity and speed. The ALU is essential to the operation of any CPU. It is used for mathematical 

and logical calculations. As the complexity of the processes inside the CPU grows, the ALU must adapt by becoming more intricate, 

expensive, space-consuming, and power-hungry. Therefore, the power consumption of the ALU is a major issue in CPU design. This 

research suggests that if you want to reduce your ALU's power consumption, you should use latch-free clock gating, which includes 

isolating a certain part of the design and turning off the rest. When a carry select adder (CSLA) is utilized as the central computational 

element of the arithmetic unit, more efficiency gains are expected. The design of the CSLA allows for future expansion in terms of both 

size and efficiency gains. This research shows that the footprint and power requirements of the CSLA may be significantly reduced by 

making a single, simple change at the gate level. Based on this modification, the 16-bit square root CSLA (SQRT CSLA) architecture 

was developed and evaluated. The proposed architecture takes a bit longer to respond than the conventional SQRT CSLA but consumes 

far fewer resources overall. A low-power 16-bit ALU for the Xilinx Spartan 3EFPGA is presented in this study, along with its design and 

HDL implementation. 
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INTRODUCTION 

As technology advances, the number of transistors needed by any particular digital logic design grows.The 

quantity of heat generated by a device increases in proportion to the number of transistors present, which has a 

major impact on its energy needs [1]. Reduced power consumption improves the battery life, performance, 

reliability, and cost of heat removal of today's portable devices, all of which are increasingly significant. This is 

why enhancing the device's speed while simultaneously decreasing its power consumption is always a top 

objective throughout the design phase. The ideal design would have high throughput with little power usage and 

minimal size. However, there are instances when area, speed, and power all need to be balanced against one 

another. Power optimization is possible across the whole digital design process, even though the benefits are 

greatest at the algorithmic and architectural design stages. Maximum speed, low power, and smallest size are the 

primary constraints of current microprocessor architecture in order to meet performance criteria.  An arithmetic 

and logic unit (ALU) is a digital electrical circuit that can perform arithmetic and bitwise logical operations on 

integer binary data. The ALU, the heart and main building component of all computationally demanding units 

including the CPU, the FPU, and the GPU, is typically constantly in the data flow when an instruction decoded 

by the instruction decoder is being performed. To meet these requirements, an ALU with both high performance 

and low power consumption is necessary. As a result, the ALU's power consumption must be kept as low as 

possible.  

 

DISSIPATION OF POWER AND ITS SOURCES 

CPU power consumption is affected by a number of factors, including dynamic power consumption, power 

consumption in a short circuit, and power loss due to transistor leakage currents. 

Pym + PS + Plea = PCPU 

In general, they are "below two powers," which include things like: 

 

For a low-power ALU architecture, an efficient adder in the propagation and generation block is needed. The 

elementary adder forms the total for the current bit position only after the sum of the previous bit position has 
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been produced and a carry has been passed into the next position. The Carry Select Adder (CSLA) is one of the 

fastest adders, and it is used in a number of data processing processors. Numerous computer systems use the 

CSLA to get around the problem of carry propagation delay by generating multiple carriers independently and 

then selecting one of them to make the total. Taking into consideration both carry input can = 0 and can = 1, the 

CSLA seen in Figure 4 uses numerous sets of Ripple Carry Adders (RCA) to generate partial sum and carry, 

with the final sum and carry being selected by multiplexers (mux). The regular layout of the CSLA suggests that 

it might be made more eco-friendly and more efficient. This research shows that the footprint and power 

requirements of the CSLA may be significantly reduced by making a single, simple change at the gate level. The 

proposed design only slightly increases latency compared to standard CSLAs while using less space and energy. 

Figure 5 displays a possible architecture for reducing the size and power consumption of a regular CSLA by 

swapping out the RCA with can = 1 for a Binary to Excess-1 Converter (BEC) [6, 7]. The main benefit of this 

BEC logic is that fewer logic gates are needed than in the RCA's n-bit Full Adder (FA) architecture. 

 There are many clocks gating styles available to optimize power in VLSI circuits. They can be:  

 Latch-free based Codesigns. 

 Latch-based Codesigns. 

CARRY SELECT ADDER REQUIRES LESS POWER AND OCCUPIES LITTLE 

SPACE 

Designing a low-power ALU requires a highly efficient adder in the ALU's propagation and generation block. 

The elementary adder constructs the total for the current bit position only after the sum of the previous bit 

position has been formed and a carry has been communicated into the following position. The Carry Select 

Adder (CSLA) is one of the fastest adders, hence it is used in a wide range of data processing processors. The 

CSLA enables several computers to avoid the carry propagation delay problem by independently building 

multiple carriers and selecting one to create the total. Due to the usage of several sets of Ripple Carry Adders 

(RCA) to generate partial sum and carry while accounting for carry input can = 0 and can = 1, the CSLA seen in 

Figure 4 is not especially space efficient. (mux). Due to its modular nature, the CSLA is adaptable to a wide 

variety of energy and material efficiency upgrades. This research proposes a straightforward method of reducing 

the CSLA's harmful impacts on the environment and its dependency on power by only adjusting the gate height. 

The recommended design only slightly increases latency in comparison to standard CSLAs while necessitating 

less real estate and less energy. The RCA with can = 1 is commonly used in a CSLA, however as shown in 

Figure 5, a Binary to Excess-1 Converter may be used instead to reduce the system's size and power usage [6, 

7]. (BEC). The primary benefit of this BEC logic is the decreased amount of logic gates needed when compared 

to the RCA's n-bit Full Adder (FA) architecture. 

 

 

 

Figure 1 Regular structure of carry select adder’ 
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Figure 2 Proposed structure of carry select undervalue 

 

Figure 3Conventional ALU. 

For the purpose of comparing the performance of the suggested ALU with that of the standard ALU seen in 

Figure 8, we provide the latter. There are five inputs to the ALU. You may use the letters A and B in addition to 

the sell, reset, and calk keys. The ALU calculation is completed and the output is returned to you in the out 

variable. The ALU takes in two 16-bit data values, denoted as A and B. If an opcode is retrieved by the 

instruction decoder, the input sell [3:0] will choose the appropriate ALU operation. The whole operation is 

predicated on the reset input parameter.  

RESULTS 

Here, we provide the outcomes of our simulations and implementations, followed by the data we gathered from 

our experiments on both the established and suggested models. In Figure 10 and 11, we can see the timing 

waveform and RTL schematic of an ALU without clock gating. The timing waveform and RTL schematic of the 

adder used in the proposed model are shown in Figures 12 and 13, respectively. Figure 14 and 15 show the 

timing waveform and RTL schematic of ALU with clock gating, respectively. 

 

Figure 4 Simulated waveform of conventional model. 
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Figure 5 RTL schematic of conventional model. 

 

Figure 6 Simulated waveform of CSLA. 

 

Figure 7 RTL schematic of CSLA. 
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Figure 8 Simulated waveform of proposed model. 

 

Figure 9 RTL Schematic of proposed model 

Table 1Device utilization summery of conventional model 

 

 

Table 2 Device utilization summery of proposed model 
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Table 1 and 2 shows the implementation results of both the models using SPARTAN 3E FPGA, realizes that 

clock gating technique adds the extra hardware to circuit and reduction in power is shown with table 4.it is 

formulated as 

Table 3 Power comparison of both models 

 

CONCLUSION  

After designing the aforementioned models in VERILOG and simulating them using the XILINX ISE 12.1 

design suite, we implemented them in a XILINX SPARTAN 3E FPGA and compared the results to the original 

models. Based on the findings, a 16-bit ALU that utilises clock gating uses less energy than a traditional ALU. 

Thus, it can be stated that the suggested model's usage of clock gating is an effective strategy for conserving 

clock and dynamic power by minimising switching activities on data and clock buses of idle modules while the 

active module is being processed. This demonstrates how power optimization, which was previously only 

concerned with the synthesis and placement and routing phases, has now been elevated to the system level and 

RTL stages. 
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