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Abstract— Multiply-Accumulate unit (MAC) is an important 

module in high performance applications. It is a fundamental 

block in computing devices especially digital signal 

processor. We performing a MAC designs with a new 

approach to parallel multiplier design by using parallel 1’s 

counter to accumulate the binary partial product bits and carry 

save adder for high frequency operation is implemented of 

pipelined adder. It has a delay of only one full adder and one 

D-flipflop. To operate the circuit with lowest possible active 

power consumption, we propose a preliminary automatic 

supply and novel power reduction technique. Design is 

simulated and results are verified using cadence 45nm 

technology. 
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I. INTRODUCTION 

Multiplication is a fundamental function in arithmetic 

operations. In fact, multiplication-based operations such as 

multiply and accumulate (MAC) and inner product are among 

some of the frequently used computation-intensive arithmetic 

functions currently implemented in many digital signal 

processing applications such as convolution, fast Fourier 

transform, filtering. Multiplication can be considered as a 

series of repeated additions. The number to be added is called 

the multiplicand, the number of times it is added is called the 

multiplier, and the result obtained is called a product. They 

usually contribute significantly to the time delay and take up 

a great deal of silicon area in the DSP system, since 

multiplication dominates the execution time of most DSP 

algorithms, using a highspeed multiplier is very desirable. 

Currently, multiplication time is still the dominant factor in 

determining the instruction cycle time of a DSP chip. With an 

ever-increasing quest for greater computing power on 

battery-operated mobile devices, design emphasis has shifted 

from optimizing conventional delay time and area size to 

minimizing power dissipation while still maintaining high 

performance. 

II. MAC UNIT 

The MAC unit determines the speed of the overall system; it 

always lies in the critical path. In order to improve the speed 

of the MAC unit, there are two major bottlenecks that need to 

be considered. The first one is the partial products reduction 

network that is used in the multiplication block and the 

second one is the accumulator. Many researchers have 

attempted in designing MAC architecture with high speed 

computational performance and low power consumption. The 

general construction of the MAC operation can be presented 

by this equation Z= A x B + Z where, the multiplier A and 

multiplicand B are assumed to have n bits each and the 

addend Z (2n+1) bits.  

A. Design of MAC unit  

1) Multiplier unit   

In the proposed design of MAC Unit, the Multiplier used is a 

32 BIT IEEE 754 floating point multiplier based on Vedic 

multiplication technique. The multiplier for the floating-point 

numbers represented in IEEE 754 format [3] can be divided 

in four sections: Mantissa Calculation Unit, Exponent 

Calculation Unit, Sign Calculation Unit, and Control Unit. 

2) Adder Unit   

A carry-select adder is divided into sectors, each of which – 

except for the least-significant performs two additions in 

parallel, one assuming a carry-in of zero, the other a carry-in 

of one. A 4-bit carry select adder generally consists of two 

ripple carry adders and a multiplexer. The carry-select adder 

is simple but rather fast. Adding two n-bit numbers with a 

carry select adder is done with two adders (two ripples carry 

adders) in order to perform the calculation twice, one time 

with the assumption of the carry being zero and the other 

assuming one. 

 After the two results are calculated, the correct sum, 

as well as the correct carry, is then selected with the 

multiplexer once the correct carry is known. A carry-select 

adder speeds 40% to 90%faster than RCA by performing 

additions in parallel and reducing the maximum carry path.  

 
Figure 1: Block diagram of MAC unit 

III. DESIGN OF 8-BIT MAC UNIT USING PARALLEL ADDERS 

AND MULTIPLIERS: 

A. Braun multiplier: 

Braun multiplier is a simple parallel multiplier that is 

commonly known as the carry save multiplier. It consists of 

8×8 AND gates, 8×7 Full adders. When the input is given to 

the multiplier it starts computing value for given 8-bit input 
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and hence the output will be 16 bits. Here inputs are 8×8 bits 

i.e., (X0-7, Y0-7) and outputs are P0-15.   

 
Figure 2:16-bit schematic of Braun multiplier 

B. Carry save adder: 

A two operand 16 bit i.e., (A0-15, B0-15) carry save adder is 

design using two 8 -bit carry save adder since the output of 

the multiplier is 16 bits (2N) i.e., (S0-16+carry). The output 

of Braun multiplier is a One of the input Operand of CSA. 

The output of carry save adder is 18-bit. The carry save adder 

contains n full adders, computing a single sum and carries bit 

based mainly on the respective bits of the three input 

numbers. 

 
Figure 3: A 16-bit Schematic of Carry Save Adder 

C. Accumulator:  

The memory fetches the inputs from its location to multiplier 

for further multiply accumulate operations. The generated 

result of MAC unit is stored at a relevant memory location. 

The situation demands that this complete process should be 

carried out into a single clock cycle. Accumulator is a register 

which is used to store the bits from previous block as carry 

save adder. We are using a D flip flops in a parallel in parallel 

out Shift register. 

 
Figure 4: Schematic of Accumulator 

D. MAC unit: 

In computing, especially digital signal processing, the 

multiply–accumulate operation is a common step that 

computes the product of two numbers and adds that product 

to an accumulator. The hardware unit that performs the 

operation is known as a multiplier–accumulator (MAC, or 

MAC unit); the operation itself is also often called a MAC or 

a MAC operation. 

 
Figure 5: 8-bit Schematic of MAC unit 

IV. CONCLUSION 

A MAC unit is designed with a new approach by using 

Parallel multiplier as Braun Multiplier to generate partial 

product bits and parallel adder as carry save adder for high 

frequency operation. To reduce power a novel leakage power 

minimization technique is introduced for each transistor at 

low voltage operation, known as Body Bias. It demonstrates 

the improvement in parameters v/s, Area, power, and delay 

with reduction in number of transistors to implement circuits. 

 The simulations were performed using 45nm CMOS layout 

CAD Tool. The results are optimized power consumption is 

6.4nW and Power Delay Product is 162.6ns and using Body 

Bias it decreases to 6.1nW and 25.49ns. This shows how the 

balance between sub threshold leakage current and dynamic 

switching currents can greatly affect total active power 

consumption in future technologies. 
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