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Abstract - A design of serial-serial hybrid multiplier is
proposed for applications with high data rate. Here the
proposed technique effectively forms the entire partial
product rows in just n cycles where as conventional serial-
serial multipliers take 2n cycles to form all partial
products. The conventional way of partial product
formation is rearranged here. Here the proposed
architecture achieves high data rate by replacing full
adders with asynchronous 1’s counter so that critical path
is limited to only DFF and an AND gate. The use of
asynchronous counter reduces the height of the partial
product rows from n to [log,n]+1, resulting in reduction of
complex adder tree. The proposed multiplier consists of
serial-serial data accumulation unit followed by a dadda
multiplier which reduces the average power dissipation. It
has a small delay penalty to complete a multiplication
when compared to a conventional parallel array multiplier.

Keywords - Binary multiplication, parallel multipliers, serial
multipliers, on-chip serial link bus architecture, dadda
multiplier.

. INTRODUCTION

Multipliers are the fundamental and essential
building blocks of VLSI systems. They are the complex
arithmetic operation, which is reflected in its relatively
high signal propagation delay, high power dissipation
and large area requirement. Often, the delay of
multiplication dominates the critical path of the system.
So multipliers with low power and high speed are
required. There are good multiplier designs require
tradeoff between power consumption and speed.

The multiplication can be performed in two ways.
They are parallel multipliers and serial multipliers.
Parallel multipliers are multiplier which has parallel
operands i.e., the entire operand bits is available at a
time. Whereas, in serial multipliers the two input
operands are given serially i.e., here only single bit is
received at the multiplier at a time from each operand.

Typically, multiplier in hardware is implemented in
three stages. They are partial product generation (PPs),
reduction of partial product terms and the final carry
propagation adder. Generally partial products are
generated using AND gates. The partial product rows
are reduced to two rows using different reduction
techniques. Such as carry save adder [3], Wallace [4]
and dadda[5]. Now the reduced two partial product rows
are given as input to the final carry propagate adders
such as rca, carry look ahead adder, sklansky adder and
koggestone adder. As the height of the partial product
increases linearly with the word length of the multiplier,
it affects the subsequent two stages a lot. Therefore it is
highly important to reduce the number of partial product
rows before performing the reduction stage of the
multiplier. This can be achieved using modified booth
algorithm [6] where the partial product rows are reduced
before the reduction stage. But the drawback of using
modified booth algorithm is due to its encoding
technique which adds both area and delay over head to
the simple partial product generation process. If we go
through some other reduction techniques like higher
order column compression techniques instead of full
adders they are slower and consume more power than
full adders.

And also some times to reduce the wiring cost, it is
common practice to transmit the data through a high
speed serial link [7], [8].

In some ICs the designers try to reduce the number
of 10 pads in order to reduce the power consumption
and silicon area. Therefore efforts are made to design
high speed serial interface in order to facilitate on-chip
buffering and parallel processing.

Parallel multipliers are popular for their high speed
operation but if the word lengths go higher they are
often constrained by the hardware cost and power
consumption of the applications. In general applications
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like dsp, image processing, encryption and decryption
techniques the word lengths are of hundreds of bits.
Therefore, low-cost serial multipliers are widely used.

Serial multipliers are also found in applications like
system-on-chip (SoC) design. In present technology
more intellectual property cores are integrated on the
Soc, which results in large interconnect area and high
power consumption. And also due to more
interconnections the routing between one module to
another module will be very difficult and also
congested. To overcome this problem we are evolved
recently to on-chip bus and alternative on-chip serial-
link bus structure [9].
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Fig. 1 : Conventional bus structure
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Fig. 2 : Serial-link bus structure

In the above figures (1) and (2) shows the
difference between a conventional parallel on-chip bus
and an on-chip serial bus, respectively. In figure (2)
serializer is used to convert the parallel data stream to a
serial bit stream in order to pass through simply routed
serial link. At the destination end the deserializer is used
to convert the data stream from a serial link again back
to parallel data.

So to make computations with normal speed we
have to transfer the data through serial link at high speed
in order that it should not wait for any data. We can do
this by performing some partial computations on the
incoming data stream at high speed while data is being
buffered.

The rest of the paper is organized as follows section
Il revises the existing serial-serial multipliers, section 11l

deals with the proposed serial-serial multiplier, section
IV gives the implementation results and section V will
concludes the paper followed by reference.

Il. EXISTING SERIAL MULTIPLIERS

Generally serial multipliers are of two types they
are  serial-serial  multipliers and  serial-parallel
multipliers. In serial-serial multipliers both the operands
are loaded in bit serial fashion, in order to reduce data
input pads two. Where as in serial-parallel multiplier
loads one operand in a bit serial fashion and the other in
always available in parallel fashion. The existing
architectures in serial-serial multipliers have so many
disadvantages. The architecture proposed by Manas [1]-
[2] use a csa architecture in which the area occupied by
the reduction block is very high because of large number
of full adders used. It also has large delay due to
propagation through adders.

I11. PROPOSED SERILA MULTIPLIER

Here in this section we will propose a technique for
the generation of individual rows of partial products by
considering two serial input operands. In which one
operand is starting from LSB and another starts from
MSB. These generated partial product rows are given as
input to the counter based accumulator which will be
explained in this section later. This multiplier will
generate all partial product rows and their accumulation
will be done in only n cycles for an nxn multiplication.

A. Partial product generation

The product of two n-bit unsigned binary numbers
X and Y can be expressed as shown below

n—1
P= Z S i yj. 210 1)
i=o =0
Where xi and yj are the ith and jth bits of X and Y,

respectively.

For the further solution regarding this go through A
high bit rate serial-serial multiplier with on-the-fly
accumulation by asynchronous counters [1].

The proposed partial product rows schemes will be
generated as shown below figure

X7¥o
X7¥1 XeY1 XsYo
X7¥2 XeY2 Xsy2 Xsy1 Xsyo
X7¥s XeYs XsYs XaY3 Xa¥2 XaY1 XaYo
X7Ya XeYa XsYa XaYa X3Ya X3¥3 XsY2 X3Y1 XsYo

Fig. 3: Proposed partial product generation
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The above figure (3) is shown the generation of
partial products for the first five input bits the same will
be continued up to n bits.

The following figure will illustrate the generation of
partial product terms
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Fig. 4 : Dependency graph for nxn serial-serial
multiplication

Here bank of counters are arranged at each column
to accumulate the bits arrived at each column. This will
be done at counter block shown in figure (7). The figure
4 illustrates the complete operation and generation of
partial product for a general nxn multiplication. In the
figure 4 each circle (node) represents a binary counter
and an ancillary AND gate to generate partial product
bit. The below will cover the blocks present in the
proposed architecture.

B. Counter block/Accumulation unit

Accumulator is a typical unit in datapath circuits
which will add the current input to the value stored in its
internal registers. We have so many adders like RCA
but the speed will be limited by carry propagation chain.
There are so many disadvantages by using normal
adders, in adding column wise partial product bits in
serial multipliers. They are limited by delays through
them so here we are using a counter in order to
accumulate the column wise summation value.

—
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Fig . 5: 2-bit counter architecture
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By using these counters we can also reduce the
height of the partial product terms which will make easy
in further reducing them. The outputs of the counters are
arranged in an order such that the LSB bit is placed on
the same column position where as the next MSB is
positioned to next column toward right. After arranging
all the counter outputs regarding their position compress
them to final two rows using dadda algorithm.

C. Dadda algorithm

For the reduction of the partial product matrix,
dadda [5] proposes a sequence of matrix heights that are
determined by working back from the final two-row
matrix. In order to implement the minimum number of
reduction stages, the height of each intermediate matrix
is limited to the least integer that is no more than 1.5
times the height of its successor. Dadda methods dose
the minimum reduction necessary at each level to
perform the reduction in the same number of levels
required by a Wallace multiplier.

The reduction process for a dada multiplier is
developed using the following recursive algorithm

1. Letdl1=2 and d;+1 = [1.5*d;], where d; is the matrix
height for the jth stage from the end. Find the
smallest j such that at least one column of the
original partial product matrix has more than d; bits.

2. In the j™ stage from the end, employ (3, 2) and (2,
2) counter to obtain a reduced matrix with no more
than d; bits in any column.

3. Letj =j-1 and repeat step 2 until a matrix with
only two rows is generated.

Another advantage to utilizing Dadda multipliers is
that it utilizes the minimum number of (3, 2) counters
(full adders). Therefore, the number of intermediate
stages is set in terms of lower bounds:
2—3—54—6—9—. ...

For Dadda multipliers there are N bits in the
original partial product matrix and 4.N-3 bits in the
final two row matrix. Since each (3, 2) counter takes
three inputs and produces two outputs, the number of
bits in the matrix is reduced by one with each applied
(3, 2) counter.

The total number of (3,2) counters = N? — 4.N+3.
The length of the carry propagation adder = 2.N — 2.
The number of (2, 2) counters =N-1.

The dot diagram for a 8 by 8 Dadda multiplier is
shown in figurel. Dot diagrams are a useful tool for
depicting the placement of (3, 2) and (2, 2) counter in
parallel multipliers. Each partial product bit is
represented by a dot. The output of each (3, 2) and
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(2, 2) counter are represented as two dots connected by
a plain diagonal line. The outputs of each (2, 2) counter
are represented as two dots connected by a crossed
diagonal line.

(A ERNN]
(EXXR])
(EXXE2R]
( FXXIXIRL}

( EXNE R Y
(EEER Y
[ EX R Y]
[F XX

[ XX

"

[
[E AL ] ]
ehe 0 ed

- .

(XX
(X X ]
L1

(X ]

tiirasaaeie” |
Trrriiiiiiaiiic |

- ...

A A R

.
I E I E E I E E E I I

Fig. 6 : Dot diagram for 8 by 8 Dadda Multiplier

The 8 by 8 multiplier takes 4 reduction stages, with
matrix height 6, 4, 3 and 2. The reduction uses 35 (3, 2)
counters, 7 (2, 2) counters, reduction uses 35 (3, 2)
counters, 7 (2, 2) counters, and a 14-bit carry propagate
adder. The total delay for the generation of the final
product is the sum of one AND gate delay, one (3, 2)
counter delay for each of the four reduction stages, and
the delay through the final 14-bit carry propagate adder
arrive later, which effectively reduces the worst case
delay of carry propagate adder.

Now the final output of a dadda multiplier is two
rows of partial product rows which is given as input to the
final carry adder like RCA. The output of the final carry
propagate adder is the required product of two unsigned
serial operand.

The final architecture of the proposed serial-serial
multiplier is as shown in the below figure.
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Fig. 7: Proposed 8x8 serial-serial multiplier architecture

IVV. IMPLEMENTATION RESULTS

The whole multiplier is implemented using verilog
in Xilinx ISE 13.4 and it is targeting Xilinx Virtex-5
Xc5vIx20t-2ff323.A testbench is used to generate the
stimulus and applies it to the implemented serial-serial
multiplier. The serial-serial multiplier code was also
checked using  Xilinx [10]. The design was
synthesized using Xilinx synthesis XST tool [10]
Post synthesis and place and route simulations were made
to ensure the design functionality after synthesis and
place and route. Table IV shows the resources
utilized by it while serial-serial multiplier implemented.

TABLE | : RESULTS OBTAINED

Proposed
serial-serial multiplier
Slice LUT’S
Utilized %0
MAX
FREQUENCY 870 MHZz

V. CONCLUSION

In this paper, a different approach of computing serial-
serial multiplier is proposed by using asynchronous
counters. By using this multiplier we can easily generate all
partial rows in just n cycles for nxn multiplication. By
using the counters here we are reducing the partial product
height logarithmically and make it possible to achieve an
effective reduction rate of log,n which will further reduces
the area occupied by it. Here by using dadda algorithm in
reduction stage we are still able to reduce the area occupied
by the full adders and also speed is increased. The counter
based approach has advantage of low I/O requirement and
hence is most suitable for complex Soc and advance
FPGA:s.
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