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ABSTRACT:

A design of high performance 64 bit. Multiplier-and-
Accumulator (MAC) is implemented in this paper. MAC
unit performs important operation in many of the digi-
tal signal processing (DSP) applications. The multiplier
is designed using modified Wallace multiplier and the
adder is done with carry save adder. The total design is
coded with verilog-HDL and the synthesis is done using
Cadence RTL complier using typical libraries of TSMC
0O.18um technology. The total MAC unit operates at 217
MHz. The total power dissipation is 177.732 mW.
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1. INTRODUCTION:

A MAC unit consists of a multiplier and an accumulator
containing the sum of the previous successive products.
The MAC inputs are obtained from the memory loca-
tion and given to the multiplier block. Multipliers are key
components of many high performance systems such as
FIR filters, microprocessors, digital signal processors,
etc. A system’s performance is generally determined by
the performance of the multiplier because the multiplier
is generally the slowest element in the system. Further-
more, it is generally the most area consuming. However,
area and speed are usually conflicting constraints so that
improving speed results mostly in larger areas. As a re-
sult, a whole spectrum of multipliers with different area-
speed constraints have been designed with fully parallel.
Hence,with the suitable choice of the type of the multipli-
er the performance of the MAC unit can be made better.
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Hence, in the construction of the MAC unit multiplier
plays a vital role so, we have selected those multipliers
which exhibit better performance than the previous one
implemented in the MAC unit like Vedic Braun, Dadda
multiplier and compared the performance with Wallace
multiplier which was implemented before in the base
paper. This paper is divided into eight sections. In the
first section the introduction is discussed. In the second
section discuss about MAC operation. The third section
details about vedic multiplier is done and fourth section
deals with the operation of Dadda multiplier and In the
fifth section describes bruan multiplier hence, carry save
adder is explained in sixth section and finally obtained
results is discussed in seventh and the conclusion is made
in the eight section.

2. METHODOLOGY:

MAC Unit is an inevitable component in many digital
signal processing (DSP) applications involving multi-
plications and/or accumulations. MAC unit is used for
high performance digital signal processing systems. The
DSP applications include filtering, convolution, and in-
ner products. Most of digital signal processing methods
use nonlinear functions such as discrete cosine transform
(DCT) or discrete wavelet transforms (DWT). Because
they are basically accomplished by repetitive application
of multiplication and addition, the speed of the multipli-
cation and addition arithmetic determines the execution
speed and performance of the entire calculation. Multipli-
cation —and -accumulate operations are typical for digital
filters. Therefore, the functionality of the MAC unit en-
ables high-speed filtering and other processing typical for
DSP applications. Since the MAC unit operates complete-
ly independent of the CPU, it can process data separately
and thereby reduce CPU load. The application like optical
communication systems which is based on DSP,
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require extremely fast processing of huge amount of digi-
tal data. The Fast Fourier Transform (FFT) also requires
addition and multiplication. 64 bit can handle larger bits
and have more memory. A MAC unit consists of a multi-
plier and an accumulator containing the sum of the previ-
ous successive products. The MAC inputs are obtained
from the memory location and given to the multiplier
block. The design consists of 64 bit modified Wallace
multiplier, 128 bit carry save adder and a register. This
paper is divided into six sections. In the first section the
introduction about MAC unit is discussed. In the second
section discuss about the detailed operation of MAC unit.
The third and fourth section deals with the operation of
modified Wallace multiplier and carry save adder respec-
tively. In the fifth section, the obtained result for the 64 bit
MAC unit is discussed and finally the conclusion is made
in the sixth section
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MAC Operation The Multiplier-Accumulator (MAC) op-
eration is the key operation not only in DSP applications
but also in multimedia information processing and vari-
ous other applications. As mentioned above, MAC unit
consist of multiplier, adder and register/accumulator. In
this paper, we used 64 bit modified Wallace multiplier.
The MAC inputs are obtained from the memory location
and given to the multiplier block. This will be useful in
64 bit digital signal processor. The input which is being
fed from the memory location is 64 bit. When the input
is given to the multiplier it starts computing value for the
given 64 bit input and hence the output will be 128 bits.
The multiplier output is given as the input to carry save
adder which performs addition. The function of the MAC
unit is given by the following equation [4]: F=IPjQj (1)
The output of carry save adder is 129 bit i.e. one bit is for
the carry (128bits+ 1 bit). Then, the output is given to the
accumulator register.
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The accumulator register used in this design is Parallel
In Parallel Out (PIPO). Since the bits are huge and also
carry save adder produces all the output values in paral-
lel, PIPO register is used where the input bits are taken in
parallel and output is taken in parallel. The output of the
accumulator register is taken out or fed back as one of the
input to the carry save adder. The figure 1 shows the basic
architecture of MAC unit.

3. IMPLEMENTATION:

Modified Wallace Multiplier A modified Wall ace multi-
plier is an efficient hardware implementation of digital cir-
cuit multiplying two integers. Generally in conventional
Wallace multipliers many full adders and half adders are
used in their reduction phase. Half adders do not reduce
the number of partial product bits. Therefore, minirnizing
the number of half adders used in a multiplier reduction
will reduce the complexity [2]. Hence, a modification to
the Wallace reduction is done in which the delay is the
same as for the conventional Wallace reduction. The mod-
ified reduction method greatly reduces the number of half
adders with a very slight increase in the number of full
adders [2].

Reduced complexity Wall ace multiplier reduction con-
sists of three stages [2]. First stage the N x N product
matrix is formed and before the passing on to thesecond
phase the product matrix is rearranged to take the shape of
inverted pyramid. During the second phase the rearranged
product matrix is grouped into non-overlapping group of
three as shown in the figure 2, single bit and two bits in
the group will be passed on to the next stage and three bits
are given to a full adder.

The number of rows in the in each stage of the reduction
phase is calculated by the formula rj+ 1= 2[ri/3]+rjmod3
If 1j mod3 = 0, then 1j+ 1 = 2r/3 If the value calculated
from the above equation for number of rows in each stage
in the second phase and the number of row that are fonned
in each stage of the second phase does not match, only
then the half adder will be used. The final product of the
second stage will be in the height of two bits and passed
on to the third stage. During the third stage the output of
the second stage is given to the carry propagation adder
to generate the final output. Thus 64 bit modified Wallace
multiplier is constructed and the total number of stages in
the second phase is 10. As per the equation the number of
row in each of the 10
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stages was calculated and the use of half adders was re-
stricted only to the 10th stage. The total number of half
adders used in the second phase is 8 and the total number
of full adders that was used during the second phase is
slightly increased that in the conventional Wallace mul-
tiplier Since the 64 bit modified Wallace multiplier is
difficult to represent, a typical 10-bit by 10-bit reduction
shown in figure 2 for understanding. The modified Wal-
lace tree shows better performance when carry save adder
is used in final stage instead of ripple carry adder. The
carry save adder which is used is considered to be the
critical part in the multiplier because it is responsible for
the largest amount of computation. ADDERS Addition is
the most common and often used arithmetic operation on
microprocessor and digital signal processor, especially
digital computers. Also it serves as building block for
synthesize all arithmetic operation. Therefore, regarding
the efficient implementation of an arithmetic unit, the
binary adder structure becomes a very critical hardware
unit. In any book on computer arithmetic, someone looks
that there exits a large number of different circuit arithme-
tic with different performance characteristics and widely
used in practice. Although many researches dealing with
binary adder structure have been done, the studies based
on the performance analysis are only few. In this project,
qualitative evaluation of the classified binary adder struc-
tures are given.

Among a huge number of the adders, verilog code for
ripple carry, carry select and carry look ahead to empha-
size the common performance properties belong to their
classes. In the following section, we gave brief descrip-
tion of the studied adders architecture. With respect to
the asymptote delay time and area complexity, the binary
adder architecture can be characterized into four primary
classes and very complex for the high bit lengths of the
operands. The first class consists of the very slow ripple
carry adder with the smallest area. In the second class car-
ry select and carry skip adders with multiple levels have
small area requirements and short end computation times.
From the third class carry look ahead adder and the fourth
class, the parallel prefix adder represent fastest addition
schemes with the largest area complexities. The final step
in completing the multiplication procedure is to add the
final terms in the final adder. This is normally called “Vec-
tor-merging” adder. The choice of the final adder depends
on the structure of the accumulation array Following is a
list of fast adders which are normally used. 1. Carry look-
ahead adder 2. Simple carry skip adder 3. Multilevel carry
skip adder 4. Carry- select adder 5.
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Conditional sum adder 6. Hybrid adder The following sub
sections discuss these adders brieflyCarry look-ahead ad-
der (CLA)The concept behind the CLA is to get rid of
the rippling carry present in a conventional adder design.
The rippling of carry produces unnecessary delay in the
circuit. For a conventional adder the expressions for sum
and carry signal can be writtenas follows

S=4A®B®C
Co=AB+BC+ AC
It is wuseful from an implementation

perspective to define S and Co as functions of
some intermediate signals G (generate), D
(delete) and P (propagate). G =1 means that a
carry bit will be generated, P=1 means that an
incoming carry will be propagated

to CO. These signals are computed as

P=A®B
G=AB
We can write 8§ and CO0 in terms of G and P.
C,(G,P)=G+ PC
S(G.P)=P&C

For an N-bit adder, the following relation
holds for the carry signal.

Cou =G +HCy
In a fully expanded form [1], we have
Cos =G, +B(G,, + B, (... + RIG, + RC,,))
For k =4, the logic expressions are as
Cy=Gy+ Gy + GRR + GRAR + GRARE =Gy + G
€, =G, +GR +GARR + GRRR =G, + RC,
G, =G +GR +CRR =G+ R(

G =G,+C,h

This expanded relationship is used to implement N-bit
adder. The carry and sum outputs are independent of the
previous bits. The ripple effect has been eliminated. The
logic design of a 4-bit 4
CLA is shown in Figure

Parial
Full Ao
L]

s T

L b L

% & L L T -y

Y LS M LOgE

August 2015




ISSN No: 2348-4845
International Journal & Magazine of Engineering,

Technology, Management and Research

A Peer Reviewed Open Access International Journal

Full carry CLA is impractical for wide words. Since wide
gates and large stacks display poor performance, the CLA
computation has to be limited to up to 2 or 4 bits in prac-
tice. For example, the equation for C31 consists of 32
product terms, the largest of which contains 32 literals.
Thus the required AND and OR functions must be real-
ized by tree networks, leading to increased latency and
cost. Two schemes for managing this complexity are 1)
High-radix addition 2) Multilevel look ahead. Multilevel
look ahead is the most widely used technique for large
CLAs.
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To compute the delay of an N-bit adder, we assume that
there are N/M equal length bypass stages each contain-
ing M bits. An approximate expression can be derived
below.

T, =t +N/M-1), . +[M-1], -+t

carry sum

tsetup : time to create the generate and propagate signals
tcarry : propagation delay through a single bit tbypass :
propagation delay through the bypass multiplexer tsum :
time to generate the final sum

Multilevel carry skip adder :

The idea of a simple carry skip adder can be extended for
N-bit adder. We assume that the total adder is divided in
(N/M) equallength bypass stages, each of which contains
M bits. The bits are divided in blocks of 4-bits. The dia-
gram of 12-bit adder is shown in Figure.
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4. DISCUSSION:

Carry select adder Carry select adder is based on anticipa-
tion of output carry for two possible values of input carry.
Once the real value of the incoming carry is known, the
correct result is easily selected with a simple multiplexer
stage. Carry select adder can be implemented in two dif-
ferent ways 1) Linear carry select adder 2) Square-root
carry select adder. Consider the block of adders, which
is adding bits k to k+3. Instead of waiting on the arrival
of the output carry of bit k-1, both the 0 and 1 possibility
is analyzed. A multiplexer can be used to select either of
the results when Co, k-1 settles. The hardware overhead
of the carry select adder is an additional carry path and a
multiplexer. A basic structure of linear carry select adder
is shown in Figure.

Sum

5. Concluding Remarks :

Hence a design of high performance 64 bit Multiplier-
and- Accumulator (MAC) is implemented in this paper.
The total MAC unit operates at a frequency of 217 MHz.
The total power d issipated by 64 bit MAC unitis 177.732
mW. The total area occupied by it is 542177 11m2. Since
the delay of 64 bit is less, this design can be used in the
system which requires high performance in processors in-
volving large number of bits of the operation. The MAC
unit is designed using Verilog-HDL and synthesized in
Cadence 180nm RTL Complier.

6. Experimental Results:

gripper force. Measurement of the lifting force The de-
sign is developed using Verilog-HDL and synthesized in
Encounter RTL compiler using typical libraries of TSMC
180nm technology.As a previous work, 8 bit MAC unit is
designedusing d ifferent multipliers and adders. T he mul-
tipliers used for comparative study are: (i)Modified Booth
Aigorithm (ii) Dadda Multiplier (iii)Wallace multiplier.
The different adders used in thestudy are: (i) Carry Look
Ahead (i1) Carry Select Adder (iii) Carry Save adder.
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The area, delay and power dissipation comparative table
are shown in the table 1 and table 2respectively. The
graphs are plotted against the different type of 8 bit MAC
unit
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