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Abstract: This paper deals with low power ALU design and its implementation Spartan 3 

FPGA. Most of power is consumed in ALU in any processor and hence reduction in ALU power 

is needed. In this work, two ALUs are designed; the first design is conventional with all the 

logic blocks running all the time, in second design only those blocks are active which are used 

by currently selected operation, rest all blocks are inactive. This reduces the dynamic power 

consumption of the design. 
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I. INTRODUCTION 

This is an era of hand held devices and equipments, most of these devices run on battery, 

this puts a constraint on standby time, to increase standby time more and more battery life 

is needed, one way of solving this issue is to reduce power consumption of device or 

equipment. These days almost every device is intelligent, this intelligence came from using 

processors, and in forthcoming years this trend is likely to be increase. But these processors 

consume lot of the power of device as lot of switching activity is going inside. ALU 

(Arithmetic and Logic Unit) is the heart of any processor; this also consumes most of the 

processor power. In this work we worked in order to reduce power consumption of ALU. We 

have designed a sixteen bit optimized ALU, the size of the ALU can be easily increased to 32, 

64 or more bits. In this work the prime focus is to reduce power consumption of the design. 

To achieve this we have used blocked I/O method.   
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II. DESIGN OF CONVENTIONAL ARITHMETIC AND LOGIC UNIT 

The inputs to ALU are “A”, “B” (operands), “Clk” (clock), “sel” (to select one operation out of 

three operations). Outputs from ALU are “Z” (result). The steps in designing ALU are 

discussed as follows. 

Fig. 2.1 Conventional ALU – High Level Block Diagram 

 

Table 1. ALU operations  

Sel Operation 

00 Addition (A+B) 

01 Subtraction (A-B)  

10 Multiplicaion (A x B) 

In this design of conventional ALU, three operations can be performed namely addition, 

subtraction and multiplication. To implement these three units inbuilt adder, subtractor and 

multiplier of FPGA are used. Input demultiplexer “DEMUX - I” is used to route input data to 

the three units. All the units are running all the time but the output of selected unit 

depending upon the “SEL” value is passed to the output register “Z” via output multiplexer 

“MUX - O”. 

 At any point of operation only one of the operations can be performed, but all the three 

blocks get input data and are in operation. In this process all the three units are in operation 

all the time and this consumes power.    

III. DESIGN OF LOW POWER ARITHMETIC AND LOGIC UNIT 

In this section the design of low power ALU is discussed. Figure 3.1 depicts the high level 

block diagram of low power ALU. 
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Fig. 3.1 Conventional ALU – High Level Block Diagram 

To reduce the power consumption the “DEMUX - I” block is redesigned. Here “A” and “B” 

inputs are assigned only to currently selected block and rest two blocks are driven into tri-

state. The output of tri-stated input does not change and the load capacitor does not 

change its state, this reduces dynamic power consumption. Table 2 shows the truth table of 

DEMUX – I unit. 

Table 2. DEMUX – O Operation 

“SEL” 
00 01 10 

Demux outputs 

M A, B 
high 

Impedance 
high 

Impedance 

N 
high 

Impedance 
A, B 

high 
Impedance 

Q 
high 

Impedance 
high 

Impedance 
A, B 

M, N and Q are internal bus connected to the inputs of adder, subtractor and multiplier 

respectively. When the “SEL” input is at “00” state then only adder block is assigned with 

the input “A”, “B” and rest two blocks are driven into tri-state. When the “SEL” input is at 

“01” state then only subtractor block is assigned with the input “A”, “B” and rest two blocks 

are driven into tri-state. And similarly when the “SEL” input is at “10” state then only 

multiplier block is assigned with the input “A”, “B” and rest two blocks are driven into tri-

state.  The logic diagram of “DEMUX - I” is shown in figure 3.2. The “SEL” operation selection 

input is of two bits. It is abbreviated as s1 and s0 respectively in logic diagram of “DEMUX – 

I” shown in figure 3.2.  s1 and s0 are connected to tri-state buffer. Tri-state buffer has two 

inputs and one output. Truth table of tri-state buffer is shown in table 3. When a particular 
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operation is selected the control enable “CE” input of that tri-state buffer is 1 and the 

output of that channel is same as input, the control input of rest two channels is zero and 

output of those two channels are tri-state, and corresponding blocks are driven into high 

impedance. 

 Table 3. Truth Table – Tri-State Buffer  

CE Output 

0 Z (high Impedance) 

1 Input 

     

 

 

 

 

 

 

 

 

Fig. 3.2: DEMUX – I – Logic Diagram  

 

 

 

 

 

 

 

 

 

 

Fig. 3.3: Operation of ALU in addition 

Figure 3.3 shows the working of ALU in addition operation. In this case the “SEL” input is 00 

and hence addition operation is selected. So channel “M” is active and channel “N” and 
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channel “Q” are tri-stated and corresponding blocks subtractor and multiplier respectively 

are also driven into high impedance. During this only adder is the active block, subtractor 

and multiplier are inactive and do not contribute to switching power (dynamic power). And 

hence dynamic power consumption reduces.  The output multiplexer “MUX - O” selects the 

output of adder block and puts it onto output register Z. 

 

 

 

 

 

 

 

 

 

 

Fig. 3.4: Operation of ALU in Subtraction 

Figure 3.4 shows the working of ALU in Subtraction operation. In this case the “SEL” input is 

01 and hence Subtraction operation is selected. So channel “N” is active and channel “M” 

and channel “Q” are tri-stated and corresponding blocks adder and multiplier respectively 

are also driven into high impedance. During this only subtractor is the active block, adder 

and multiplier are inactive and do not contribute to switching power (dynamic power). And 

hence dynamic power consumption reduces.  The output multiplexer “MUX - O” selects the 

output of subtractor block and puts it onto output register Z. 

Figure 3.5 shows the working of ALU in multiplication operation. In this case the “SEL” input 

is 10 and hence multiplication operation is selected. So channel “Q” is active and channel 

“M” and channel “N” are tri-stated and corresponding blocks adder and subtractor 

respectively are also driven into high impedance. During this only multiplier is the active 

block, adder and subtractor are inactive and do not contribute to switching power (dynamic 

power). And hence dynamic power consumption reduces.  The output multiplexer “MUX - 

O” selects the output of multiplier block and puts it onto output register Z. 
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Fig. 3.5: Operation of ALU in multiplication 

IV. SIMULATION AND RESULTS 

The design is implemented on Spartan 3 FPGA, using xilinx 14.1i. It is tested using Xilinx ISIM 

and power is analyzed using Xpower analyzer.  

Figure 4.1 shows the simulation of design II low power ALU in addition operation. The inputs 

“a” and “b” are assigned 4 and 3 respectively the “sel” input is 0 so the selected operation is 

addition. The output “zo” is 7. The inputs to unit sub and mul (“a_sub”, “b_sub” and 

“a_mul”, “b_mul”) are tri-stated and therefore the output of these blocks “z_sub” and 

“z_mul” are assigned to X(undefined). This reduces the power consumption.      

Figure 4.1: Simulation ALU - Addition 

Figure 4.2 shows the simulation of design II low power ALU in subtraction operation. The 

inputs “a” and “b” are assigned 4 and 3 respectively the “sel” input is 1 so the selected 

operation is subtraction. The output “zo” is 1. The inputs to unit add and mul (“a_add”, 
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“b_add” and “a_mul”, “b_mul”) are tri-stated and therefore the output of these blocks 

“z_add” and “z_mul” are assigned to X(undefined). This reduces the power consumption.  

 

     

 

 

 

 

 

 

Figure 4.2: Simulation ALU - Subtraction 

Figure 4.3 shows the simulation of design II low power ALU in multiplication operation. The 

inputs “a” and “b” are assigned 4 and 3 respectively the “sel” input is 2 so the selected 

operation is multiplication. The output “zo” is 12. The inputs to unit add and sub (“a_add”, 

“b_add” and “a_sub”, “b_sub”) are tri-stated and therefore the output of these blocks 

“z_add” and “z_sub” are assigned to X(undefined). This reduces the power consumption.  

 

     

 

 

 

 

 

 

Figure 4.3: Simulation ALU – Multiplication 

Table 3 depicts the power consumption summary of the two designs. Design I is the 

conventional ALU where all the units are active all the time. Design II is the low power ALU 

where blocks which are selected in current operation are active and rest units are tri-stated. 
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Table 3. Dynamic Power Consumption - Summary  

S.no. 
Frequenc

y 
Design I 

Conv. ALU 
Design II Low 

Power ALU 
% 

Change 

1 100Mhz 2mW 1mW -50% 

2 200Mhz 4mW 2mW -50% 

3 500Mhz 9mW 6mW -33% 

4 1Ghz 18mW 12mW -33% 

5 2Ghz 36mW 24mW -33% 

6 5Ghz 87mW 59mW -32% 

7 10Ghz 162mW 115mW -29% 

 

 

Graph 4.1: Dynamic Power Consumption  

As depicted in table 3 and graph 4.1 the dynamic power consumption of low power ALU 

design II is reduced by 30% to 50% compared to the conventional ALU design I.  

V. CONCLUSION 

ALU is the core of processor, and optimizing ALU can significantly improve the performance 

of processor. In this work we worked in order to reduce power consumption and resource 

utilization of FPGA. As we can conclude from power report that by disabling the inactive 

blocks, dynamic power consumption can be significantly reduced; this is because of 

decrease in switching activities inside ALU. 
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