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Abstract - The multiplier is the integral part of the digital logic 
circuits and the performance of the digital circuit highly depends 
on it for example the delay of the digital circuit, area, power etc. 
In this paper we have designed a multiplier architecture of 64-bit 
which is pretty higher in the configuration of processing 
information that existing 32-bit architecture. The proposed 
architecture consist of 64-Bit multiplier integrating the dadda 
algorithm which made the multiplier with faster processing than 
the 32-bit architecture. The delay calculated after synthesize the 
model in synthesis tool is got 59.975ns which is 40ns less than 
existing work, so it can be better choice over previous one. 
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I. INTRODUCTION 

Day by day IC technology is obtaining additional advanced 
in terms of style and its performance analysis. A quicker 
style with lower power consumption and smaller space is 
implicit to the trendy electronic styles. Unceasing 
advancement in electronics style technology makes improved 
use of energy, code knowledge with success, communicate 
info way more firm, etc. significantly, several of those 
technologies address low-power consumption to fulfil the 
necessities of assorted transportable applications. In these 
application systems, a multiplier could be a basic arithmetic 
unit and wide employed in circuits that the multiplication 
method ought to be optimized properly. Multipliers typically 
have extended latency, huge space and consume substantial 
quantity of power. Thus low-power number style has become 
a very important half in VLSI system style. Everyday new 
approaches square measure being developed to style low-
power multipliers at technological, physical, circuit and logic 
levels. Since multiplier is mostly the slowest component 
during a system, the system’s performance is decided by 
performance of the multiplier. Additionally multipliers 
square measure the foremost space intense entity during a 
style. Therefore, optimizing speed and space of a multiplier 
could be a major style issue these days. However, space and 
speed square measure typically conflicting constraints in 
order that rising speed ends up in larger areas and vice-versa. 
Additionally space and power consumption of a circuit 
square measure linearly correlate. Therefore a compromise 

has got to be wiped out speed of the circuit for a larger 
improvement in reduction of space and power.  

For implementing a digital number an oversized form of pc 
arithmetic algorithms may be used. Most techniques take into 
thought generating a collection of partial merchandise, and 
so adding the partial merchandise along once they need been 
shifted. During a number to extend its speed, the amount of 
partial product to be generated ought to be reduced. A better 
illustration base effectively indicates to fewer digits. Thus, a 
single-digit multiplication algorithmic rule necessitates fewer 
cycles as we tend to begin moving to a lot of higher radices, 
that mechanically ends up in a lesser variety of partial 
merchandise. Many algorithms are developed for this 
purpose like Booth’s algorithmic rule, Wallace Tree 
methodology etc. For the summation method many adder 
architectures square measure on the market viz. Ripple Carry 
Addition, Carry Look-ahead Addition, Carry Save Addition 
etc. however to scale back the facility consumption the 
summation design of the number ought to be rigorously 
chosen. 

A field-programmable gate array (FPGA) is an integrated 
circuit designed to be configured by the customer or designer 
after manufacturing—hence "field-programmable". The 
FPGA configuration is generally specified using a hardware 
description language (HDL), similar to that used for an 
application-specific integrated circuit (ASIC) (circuit 
diagrams were previously used to specify the configuration, 
as they were for ASICs, but this is increasingly rare). FPGAs 
can be used to implement any logical function that an ASIC 
could perform. The ability to update the functionality after 
shipping, partial reconfiguration of the portion of the design 
and the low non-recurring engineering costs relative to an 
ASIC design (notwithstanding the generally higher unitcost), 
offer advantages for many applications.  

FPGAs contain programmable logic components called 
"logic blocks", and a hierarchy of reconfigurable 
interconnects that allow the blocks to be "wired together"—
somewhat like a one-chip programmable breadboard. Logic 
blocks can be configured to perform complex combinational 
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functions, or merely simple logic gates like AND and XOR. 
In most FPGAs, the logic blocks also include memory 
elements, which may be simple flip-flops or more complete 
blocks of memory. 

In addition to digital functions, some FPGAs have analog 
features. The most common analog feature is programmable 
slew rate and drive strength on each output pin, allowing the 
engineer to set slow rates on lightly loaded pins that would 
otherwise ring unacceptably, and to set stronger, faster rates 
on heavily loaded pins on high-speed channels that would 
otherwise run too slow. Another relatively common analog 
feature is differential comparators on input pins designed to 
be connected to differential signaling channels. A few 
"mixed signal FPGAs" have integrated peripheral Analog-to-
Digital Converters (ADCs) and Digital-to-Analog Converters 
(DACs) with analog signal conditioning blocks allowing 
them to operate as a system-on-a-chip. Such devices blur the 
line between an FPGA, which carries digital ones and zeros 
on its internal programmable interconnect fabric, and field-
programmable analog array (FPAA), which carries analog 
values on its internal programmable interconnect fabric.  

II. MULTIPLIER  

A multiplier is one of the key hardware blocks in most digital 
and high performance systems such as FIR filters, digital 
signal processors and microprocessors etc. With advances in 
technology, many researchers have tried and are trying to 
design multipliers which offer either of the following- high 
speed, low power consumption, regularity of layout and 
hence less area or even combination of them in multiplier. 
Thus making them suitable for various high speed, low 
power, and compact VLSI implementations. However area 
and speed are two conflicting constraints. So improving 
speed results always in larger areas. So here we try to find 
out the best trade off solution among the both of them. 

A Binary multiplier is an electronic device used in digital 
electronics or in a computer or other electronic devices to 
carry out multiplication of two numbers depicted in binary 
format. It is built using binary adders. The most basic 
technique involves generating a set of partial products, and 
then summing the partial products simultaneously. This 
process is similar to the method which is taught to lower 
classes’ students in school for conducting long multiplication 
on base-10 integers, but has been modified here for 
application to a base-2 (binary) numeral system.  

The rules for binary multiplication are stated as given:  

1. If the multiplier digit is 1, the multiplicand is copied 
down and it gives the product.  

2. If the multiplier digit is 0 then we get a product 
which is also 0.  

For designing such a multiplier circuit we should have the 
circuitry to carry out or do the following four things:  

1. It should be capable of recognizing whether a bit is 
0 or 1.  

2. It should be capable of shifting the left partial 
product.  

3. It should be capable of adding all the partial-
products to give the product as a sum of the partial 
products.  

4. It should examine sign bits and if they are similar, 
the sign of the product will be a  

Positive representation and if the sign bits are opposite then 
the product will be negative. The sign bit of the product 
which has been stored with the above criteria should be 
displayed along with the product. 

III. PROPOSED MODEL 

Dadda proposed a sequence of matrix heights that are 
predetermined to give the minimum number of reduction 
stages. To reduce the N by N partial product matrix, dada 
multiplier develops a sequence of matrix heights that are 
found by working back from the final two-row matrix. In 
order to realize 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. 

The process of reduction for a dadda multiplier [7] is 
developed using the following recursive algorithm 

1. Let d1=2 and dj+1 = [1.5*dj], where dj 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 dj bits. 

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

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

This method of reduction, because it attempts to compress 
each column, is called a column compression technique. 
Another advantage of utilizing Dadda multipliers is that it 
utilizes the minimum number of (3, 2) counters. {Therefore, 
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the number of intermediate stages is set in terms of lower 
bounds: 2, 3, 4, 6, 9 . . . 

For Dadda multipliers there are N2 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 therefore}, the total number 
of (3,2) counters is #(3, 2) = N2 – 4.N+3 the length of the 
carry propagation adder is CPA length = 2.N–2. 

 
Fig.1. Dot Diagram of Dadda Multiplier Algorithm 

The number of (2, 2) counters used in Dadda’s reduction 
method equals N-1.The calculation diagram for an 8X8 
Dadda multiplier is shown in fig. 1. 

Dot diagrams are useful tool for predicting the placement of 
(3, 2) and (2, 2) counter in parallel multipliers. Each IR bit is 
represented by a dot. 

The output of each (3, 2) and (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. 

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. The decimal point 
is between bits 45 and 46 in the significand IR. Critical path 
is used to determine the time taken by the Dadda multiplier. 
The critical path starts at the AND gate of the first partial 
products passes through the full adder of the each stage, then 
passes through all the vector merging adders. 

The stages are less in this multiplier compared to the carry 
save multiplier and therefore it has high speed than that. 

D. Normalizing Unit: 

The result of the significand multiplication (intermediate 
product) must be normalizing. Having a leading ‘1’ just 
immediate to the left of the decimal point (i.e. in the bit 46 in 
the intermediate product) is known as a normalized number. 
Since the inputs are normalized numbers then the 
intermediate product has the leading one at bit 46 or 47 

1. No shift is needed the intermediate product is 
known to be a normalized number when the one is 
at bit 46 (i.e. to the left of the decimal point) . 

2. The exponent is incremented by 1 if the leading one 
is at bit 47 then the intermediate product is shifted 
to the right. 

Multiplexers are used to perform combinational shift logic 
for the shift operation. 

Underflow/Overflow Prediction 

Underflow/Overflow means that the result’s exponent is too 
small/large to be represented in the exponent field. The result 
of exponent must be 8 bits in size, and must be between 1 
and 254 otherwise the value is not a normalized one. While 
the two exponents adding or during normalization the 
overflow may occur. Overflow due to exponent addition may 
be compensated during subtraction of the bias; resulting 
underflow that can never be compensated; if the intermediate 
exponent = 0 then during normalization it’s an underflow 
that may be compensated by adding 1 to it. If an overflow 
occurs an overflow signal is made high and the result turns to 
±Infinity (sign determined according to the sign of the 
floating point multiplier inputs). If an underflow occurs an 
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underflow signal goes high and the result turns to ±Zero 
(sign determined according to the sign of the floating point 
multiplier inputs). An underflow flag is raised after 
denormalized numbers are made to Zero with the appropriate 
sign calculated from the inputs. Assume that E1 and E2 are 
the exponents of the two numbers A and B respectively; the 
result’s exponent is calculated by (6) 

Eresult = E1 + E2 - 127                         (6) 

E1 and E2 can have the values from 1 to 254; resulting in 
Eresult having values from -125 (2-127) to 381 (508-127); 
but for normalized numbers, Eresult can only have the values 
from 1 to 254. Table III summarizes the Eresult different 
values and the effect of normalization on it. 

Table: Normalization Effect on Results Exponent and 
Overflow/Underflow Detection 

Eresult Category Remarks 

-125 ≤ Eresult < 0 Underflow Unable to compensate during 
normalization 

Eresult = 0 Zero 
May turn to normalized 

number during normalization 
(by adding 1 to it) 

1  ≤ Eresult < 254 Normalized 
Number 

May result in overflow during 
normalization 

255 ≤ Eresult Overflow Can't be compensated 
 
Multiplier Pipelining: 

In order to enhance the performance of the multiplier, three 
pipelining stages are used to divide the critical path thus 
increasing the maximum operating frequency of the 
multiplier. 

The pipelining stages are imbedded at the following 
locations: 

1. Before the bias subtraction; in the middle of the 
significand multiplier and in the middle of the 
exponent adder. 

2. After the significand multiplier and the exponent 
adder. 

3. Sign, exponent and mantissa bits; at the floating 
point multiplier outputs. 

 
Fig.2  Pipelining stages of dotted structure 

The synthesis tool “retiming” option was used so that the 
synthesizer uses its optimization logic to better place the 
pipelining registers across the critical path. 

IV. SYNTHESIS OUTCOMES 

The proposed multiplier architecture is shown in the previous 
section and the delay analysis performed in the XILINX 
synthesis tool. The timing summary is shown below. 

Sign Bit

Exponent 
Adder

Significand 
Multiplier

Overflow/Underflow

Normalizer

TOP Multiplier

Timing Details: 
--------------- 
All values displayed in nanoseconds (ns) 
 
========================================================================= 
Timing constraint: Default path analysis 
  Total number of paths / destination ports: 252155234860132640 / 64 
------------------------------------------------------------------------- 
Delay:               59.973ns (Levels of Logic = 68) 
  Source:            FA<1> (PAD) 
  Destination:       FR<51> (PAD) 
 
  Data Path: FA<1> to FR<51> 
                                Gate     Net 
    Cell:in->out      fanout   Delay   Delay  Logical Name (Net Name) 
    ----------------------------------------  ------------ 
     IBUF:I->O           163   1.328   2.653  FA_1_IBUF (B3/d_m/d5/d5/k<25>) 
     LUT4:I0->O            3   0.254   1.221  B3/d_m/d1/d1/ha1/Madd_n0004_lut<0>1 
     LUT6:I0->O            3   0.254   0.766  B3/d_m/d1/d1/fa1/Madd_n0003_Madd_cy<0>11 
     LUT4:I3->O            4   0.254   1.032  B3/d_m/d1/d1/fa2/Madd_n0003_Madd_lut<0>11  
     LUT6:I3->O            1   0.235   0.958  B3/d_m/d1/d1/fa6/Madd_n0003_Madd_cy<0>11  
     LUT6:I2->O            3   0.254   1.221  B3/d_m/d1/d1/fa7/Madd_n0003_Madd_cy<0>11  
     LUT6:I0->O            4   0.254   1.032  B3/d_m/d1/d1/fa8/Madd_n0003_Madd_lut<0>1 
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Table 1: Delay Performance Comparison 
Methodology Bit Delay 

Previous Work (CSLA Based) 32 Bit 98.5 ns 
Previous Work (CLAA Based) 32 Bit 99.5 ns 
Proposed Work 64 Bit 59.973 ns 

 

V. CONCLUSION AND FUTURE SCOPE 

After going through all the hard work and after facing a lot of 
problems, we managed to complete the objectives of the 
project that are to implement Dadda Algorithm for the design 
of a 64-Bit binary multiplier architecture and carry out lower 

     LUT6:I3->O            3   0.235   1.196  B3/d_m/d1/d1/fa14/Madd_n0003_Madd_cy<0>11  
     LUT5:I0->O            4   0.254   1.234  B3/d_m/d1/d1/fa15/Madd_n0003_Madd_lut<0>1  
     LUT6:I1->O            1   0.254   1.137  B3/d_m/d1/d1/fa24/Madd_n0003_Madd_lut<0>1 
     LUT6:I0->O            2   0.254   0.726  B3/d_m/d1/d1/fa24/Madd_n0003_Madd_xor<0>11  
     LUT3:I2->O            1   0.254   0.682  B3/d_m/d1/Madd_k14 (B3/d_m/d1/Madd_k14) 
     LUT4:I3->O            1   0.254   0.000  B3/d_m/d1/Madd_k1_lut<0>5  
     MUXCY:S->O            1   0.215   0.000  B3/d_m/d1/Madd_k1_cy<0>_4  
     MUXCY:CI->O           1   0.023   0.000  B3/d_m/d1/Madd_k1_cy<0>_5  
     MUXCY:CI->O           1   0.023   0.000  B3/d_m/d1/Madd_k1_cy<0>_6  
     MUXCY:CI->O           1   0.023   0.000  B3/d_m/d1/Madd_k1_cy<0>_7  
     MUXCY:CI->O           1   0.023   0.000  B3/d_m/d1/Madd_k1_cy<0>_8  
     MUXCY:CI->O           1   0.023   0.000  B3/d_m/d1/Madd_k1_cy<0>_9  
     XORCY:CI->O           1   0.206   0.682  B3/d_m/d1/Madd_k1_xor<0>_10 
     LUT2:I1->O            1   0.254   0.000  B3/d_m/d1/Madd_k2_lut<5>  
     MUXCY:S->O            1   0.215   0.000  B3/d_m/d1/Madd_k2_cy<5>  
     XORCY:CI->O           2   0.206   0.954  B3/d_m/d1/Madd_k2_xor<6>  
     LUT5:I2->O            1   0.235   0.682  B3/d_m/d1/Madd_k3  
     LUT4:I3->O            1   0.254   0.000  B3/d_m/d1/Madd_k3_lut<0>1  
     MUXCY:S->O            1   0.215   0.000  B3/d_m/d1/Madd_k3_cy<0>_0  
     MUXCY:CI->O           1   0.023   0.000  B3/d_m/d1/Madd_k3_cy<0>_1  
     MUXCY:CI->O           1   0.023   0.000  B3/d_m/d1/Madd_k3_cy<0>_2  
     MUXCY:CI->O           1   0.023   0.000  B3/d_m/d1/Madd_k3_cy<0>_3  
     MUXCY:CI->O           1   0.023   0.000  B3/d_m/d1/Madd_k3_cy<0>_4  
     MUXCY:CI->O           1   0.023   0.000  B3/d_m/d1/Madd_k3_cy<0>_5  
     MUXCY:CI->O           1   0.023   0.000  B3/d_m/d1/Madd_k3_cy<0>_6  
     MUXCY:CI->O           1   0.023   0.000  B3/d_m/d1/Madd_k3_cy<0>_7  
     XORCY:CI->O           1   0.206   1.112  B3/d_m/d1/Madd_k3_xor<0>_8  
     LUT6:I1->O            1   0.254   0.000  B3/d_m/d1/Madd_p<35:24>_lut<3>  
     MUXCY:S->O            1   0.215   0.000  B3/d_m/d1/Madd_p<35:24>_cy<3>  
     XORCY:CI->O           2   0.206   0.726  B3/d_m/d1/Madd_p<35:24>_xor<4>  
     LUT3:I2->O            1   0.254   0.682  B3/d_m/Madd_k110  
     LUT4:I3->O            1   0.254   0.000  B3/d_m/Madd_k1_lut<0>11  
     MUXCY:S->O            1   0.215   0.000  B3/d_m/Madd_k1_cy<0>_10  
     XORCY:CI->O          86   0.206   2.328  B3/d_m/Madd_k1_xor<0>_11  
     LUT3:I0->O           10   0.235   1.463  B4/Mmux_N_TEMP127011  
     LUT6:I0->O            1   0.254   0.910  B4/Mmux_N_TEMP128653  
     LUT6:I3->O            2   0.235   0.954  B4/Mmux_N_TEMP128654  
     LUT5:I2->O            1   0.235   0.000  B4/Mmux_N_TEMP128655_G (N141) 
     MUXF7:I1->O           1   0.175   0.910  B4/Mmux_N_TEMP128655  
     LUT4:I1->O            1   0.235   0.958  B4/Mmux_N_TEMP128656_SW0 (N40) 
     LUT6:I2->O            1   0.254   0.790  B4/Mmux_N_TEMP128657_SW0 (N2) 
     LUT6:I4->O            1   0.250   0.682  B4/Mmux_N_TEMP128657  
     LUT6:I5->O            1   0.254   0.682  B4/Mmux_N_TEMP128658  
     LUT6:I5->O            1   0.254   0.790  B4/Mmux_N_TEMP128659  
     LUT6:I4->O            1   0.250   0.910  B4/Mmux_N_TEMP128660  
     LUT4:I1->O            1   0.235   0.958  B4/Mmux_N_TEMP128661_SW0 (N42) 
     LUT6:I2->O            1   0.254   0.790  B4/Mmux_N_TEMP128662_SW0 (N56) 
     LUT6:I4->O            1   0.250   0.958  B4/Mmux_N_TEMP128662  
     LUT4:I0->O            1   0.254   0.682  B4/Mmux_N_TEMP128663_SW0 (N102) 
     LUT5:I4->O            1   0.254   0.958  B4/Mmux_N_TEMP128663  
     LUT6:I2->O            1   0.254   0.682  B4/Mmux_N_TEMP128664  
     LUT4:I3->O            1   0.254   0.682  B4/Mmux_N_TEMP128665_SW0 (N44) 
     LUT6:I5->O            1   0.254   0.958  B4/Mmux_N_TEMP128665  
     LUT6:I2->O            1   0.254   0.910  B4/Mmux_N_TEMP128666  
     LUT6:I3->O            1   0.235   0.910  B4/Mmux_N_TEMP128667  
     LUT3:I0->O            1   0.235   0.790  B4/Mmux_N_TEMP128668_SW0 (N58) 
     LUT6:I4->O            1   0.250   0.958  B4/Mmux_N_TEMP128668  
     LUT4:I0->O            1   0.254   0.682  B4/Mmux_N_TEMP128669_SW0 (N104) 
     LUT5:I4->O            1   0.254   0.790  B4/Mmux_N_TEMP128669  
     LUT6:I4->O            1   0.250   0.681  B4/Mmux_N_TEMP128670 (FR_51_OBUF) 
     OBUF:I->O                 2.912          FR_51_OBUF (FR<51>) 
    ---------------------------------------- 
    Total                     59.973ns (17.511ns logic, 42.462ns route) 
                                       (29.2% logic, 70.8% route) 
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delay analysis compared to existing 32-bit architecture based 
on CSLA and CLAA. Timing analysis given in the previous 
section explained clearly that the proposed methodology to 
design 64-bit multiplier has lower delay profile to be a part in 
the high speed digital circuits. 

Further work can be carried out on this project in the area 
estimation section. Area can be estimated at the gate-level by 
generating gate-level netlist and also the post layout analysis 
can be done for this design.  
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