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Abstract: Signal processing and image processing applications demand an efficient and high speed multiplier. It
aids in achieving the overall performance of a particular application. Conventionally, multiplication is achieved with
the support of an addition operation. Field Programmable Gate Array (FPGA) based multiplier also utilizes adder
elements in its design. This work has proposed a resource optimized solution for multiplication using Block RAM
(BRAM), an FPGA hardware resource. It generates partial product by shifting. Shifting a number by ‘1’ bit position to
the left is equivalent to its multiplication by 2. FPGA logic identifies binary ‘1’ and its bit position in the 16-bit ‘multiplier’,
left shifts the 16-bit ‘multiplicand’ according to the bit position. 16-bit ‘multiplicand’ is converted into 32-bit by adding
suitable number of ‘0’s both on least significant bit and most significant bit side. This results in 16 partial products of
32-bit. The design develops a 4-bit adder using BRAM. Suitable port mapping of 4-bit adder produces 8-bit / 16-bit /
32-bit adders. Thus designed 32-bit BRAM adder performs concurrent addition in four stages and releases the output
of multiplication of two 16-bit numbers. The delay time of 16-bit multiplier, synthesized for xc7v2000t-2fhg1761 chip,
has been identified as 3.070ns. The design utilized only 78 and 203 number of lookup tables (LUT) and BRAMs
respectively. The proposed idea is valid for the design of n x n multiplier when the HDL logic is modified for ‘n’ times
shifting and 2n-bit adder circuit.

Keywords: Block RAM, Multiplier, FPGA, Logical shifting, LUT

developed using FPGA [11]. This motivates the
development of an optimized adder circuit. Optimization
shall focus on reduction in the power consumption,
execution time, amount of hardware and the area of the
entire hardware circuit. Adders, designed using
transmission gates, help to produce fast adder with lower
power consumption and less area [12]. A typical

1. Introduction

Many  applications like  modulation /
demodulation of telecommunication signals, image
processing [1-3], signal processing [4, 5], spectrum
analysis and cryptography [6] have multiplication as a
part of it. Apart from these conventional applications,

adders have started to intrude in latest technology like
deep learning [7]. Field Programmable Gate Array
(FPGA) based multiplier also supports Internet of Things
based applications as a System on Chip [8]. It has been
identified to be the replacement for conventional
embedded based multiplier [9]. Embedded based
multiplier does not support different applications written
in a single program. FPGA allocates hardware resources
for other irrelevant applications in addition to the
multiplier. In order to achieve the multiplication, different
multipliers like Vedic multiplier, Baugh Wooley Multiplier,
Wallace tree multiplier and Booth multiplier are used.
Many multipliers perform multiplication using adder
circuit [10]. Dedicated signed multipliers are also

multiplication algorithm involves at least three stages to
complete multiplication. A partial product is generated in
the first stage. Second and third stages are used to
complete the addition of these partial products. The
efficiency of multiplication is achieved when this addition
process is optimized.

Several adder circuits like carry save adder,
carry look-ahead adder and ripple carry adder are used
to do addition. Researchers also concentrate on this part
to get the fruitful result of high speed multiplication
without compromising on hardware requirement and
power consumption [13]. DSP blocks in FPGA shall be
used as a resource in the realization of multiplier. It
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supports multiplications of different bit sizes like 18, 25
and 36. It also uses BRAM for storing input or output
data [14]. Multiplier in [15] is designed by combining
grouping algorithm with Look-Up Table (LUT) which is
used to generate partial products. Design of 8-bit
multiplier using 4:2 compressors is discussed in [16]. It
involves full adder for the calculation of partial products.
The design is synthesized using Cadence design
software. Finite Impulse response (FIR) filter design
using 8X8 multiplier has been experimented in [17].
Adders and multipliers are the necessary components in
the realization of FIR filter. Therefore the execution
speed of FIR filter is governed by these components.
Since the multiplier cannot be designed without the
adder, speed of the filter is ultimately governed by the
adder. Adder is used in the generation of partial
products. Multipliers and adders occupy considerable
area in designing applications like signal processing and
audio processing [18]. Researchers attempt to reduce
the requirements of hardware logic for addition.
Exclusive review on the performance of FPGA indicates
the fact that its reliability depends on the aging of the
digital circuits [10]. It actually degrades the performance
of digital circuit at transistor level. Therefore, it is
necessary to keep track on its performance periodically.
A testing logic in addition to the actual application may
confirm the deviation of FPGA from its normal functions.

Multiplication using BRAM adder techniques is
used in this proposed work. Section 2 elaborates the
proposed design of multiplier. It starts with an overview
of BRAM, explains the concept of shifting used in
multiplication algorithm. It also narrates the idea of
invoking the 4-bit BRAM adder to realize a 8-bit / 16-bit /
32-bit adder. This validates the design of n-bit adder
which invokes 4-bit adder ultimately.

The simulation results of the proposed design
have been discussed in the section 3. It also indicates

the FPGA implementation of proposed multiplier and
compares the result with the existing multiplier. The
conclusion section briefs about the future work that
incorporates the proposed design as its basic element.

2. Literature Review

Multipliers play a crucial role in a wide range of
applications, particularly in digital signal processing
(DSP), digital image processing and other data-intensive
operations. They significantly influence both the
execution time and power consumption of a system.
Therefore, designing energy efficient and high
performance multipliers is essential. Resistive RAM
(RRAM) is one of the emerging technologies employed
in developing efficient multipliers [19]. The resistance
state of RRAM—either high or low—affects the logical
output, making it suitable for logical circuit designs. In
this context, carry save adders (CSA) implemented
using serial architecture are commonly integrated into
array multiplier designs. These adders are further
optimized by employing memristor based
implementations. In another approach, lookup table
(LUT) based multipliers [20] have been developed to
enhance area and delay efficiency. A 4-bit multiplier
constructed using four 2-bit LUT based multipliers has
been proposed, which has been effectively utilized in the
implementation of finite impulse response (FIR) filters.
This architecture, based on the Residue Number System
(RNS), combines both adders and multipliers to realize
an efficient RNS based FIR filter. In the domain of
cryptography, modular multipliers with high performance
are essential. Two-level CSA architecture [21] has been
used to develop a high-speed modular multiplier with low
hardware cost.

Table 1. Comparison of multiplier designed in different technologies

Sl. No | Specifications Results Remarks
. . . . Memristors used — 36 Nos. The work was
4-bit serial unsigned | Energy consumption — . .
1. . . . . compared with Dadda, add & shift and array
multipliers [19] improvement in % is 30.58% .
multiplier.
4-bit serial sianed Eneray consumption — Memristors used — 36 Nos. The work was
2. . 9 . oy . P . compared with add & shift, Radix-2 Booth,
multipliers [19] improvement in % is 57.41% o
Baugh-Wooley and array multiplier.
Logic elements used — 978. Fmax : . .
3. LUT multiplier [20] for 8 tap with 8-bit word length — Eg?j(;j:s\ll?lglgiz (r:r(l)lqut?ETireeri with Vedic,
1095.29 MHz ’ pIers.
4 CS- R4 multiplier :;g;rs_;f?gd' Proposed multiplier was compared with the
' [21] . existing works cited as references.
Time — 1.05us
LUT - 13
. - Frequency — 775MHz Compared with logic multiplier, LMUL and
S 4-bit multiplier [22] Critical path delay — 2 X LUT other multiplers cited in the references.
Power — 0.97 yW/MHz
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Radix-4 Montgomery multipliers, which typically
suffer from longer critical paths, have been improved by
introducing the CS-R4MMM algorithm. This algorithm
eliminates carry propagation, significantly reducing
computation delay. For convolutional neural network
(CNN) applications, a multiplier design that avoids using
the digital signal processing (DSP) block of an FPGA
core has been proposed in [22]. Instead, multiplication is
performed using pre-computed results stored in LUTS.
Techniques aimed at minimizing the number of required
LUTs further enhance the efficiency of the multiplier by
reducing storage overhead.

Table 1 compares various multiplier
architectures that utilize techniques such as shift-and-
add, memristors, CSAs and LUTSs. A critical observation
is that most existing designs do not consider BRAM as a
resource for multiplication operations. The use of BRAM
is gaining traction in different computing applications.
Notably, in Very Long Instruction Word (VLIW)
processor architectures, BRAM is employed to store
frequently used inputs and outputs [23]. This strategic
reuse enables certain functions to execute more
efficiently. Thus leveraging BRAM in this manner results
in 1.52x speed improvement.

3. Proposed Methodology

Nowadays, FPGA is becoming an alternative for
microprocessor in many of the commercial as well as
industrial applications [24]. It is able to perform the
functionalities of a programmable logic controller (PLC)
in an efficient manner. It is most widely used in PID
controller [25]. The basic hardware resources of FPGA
are the slice registers and LUTs. It also facilitates
reusable logic unit in the name of IP logic core. Typical
examples of it include shift registers, counters, digital
signal processor, data transfer logic, direct memory
access, embedded processor etc., This work has
focused to develop a multiplier using an IP logic core
Block RAM (BRAM), hardware resource of FPGA. It is
available as a single port or dual port memory. Dual port
memory shall be configured as a two independent

controllable single port memory. Both ports can be
accessed simultaneously for ‘read’ / ‘write’ operation.
When one port is accessed for ‘Read’ operation, the
other port shall be accessed to perform ‘Write’ operation.
Latest FPGA accommodates BRAMs in terms of
thousands. A 7 Series Xilinx FPGA has 1,410 BRAM
blocks in which each has the memory capacity of 36Kb
[26]. All these blocks shall be used independently either
for a specific application or different applications. This
powerful feature is the motivation for the development of
multiplier using BRAM.

The proposed logic in the design of multiplier
shall be better understood by this example. Consider the
multiplication of a number 257 by another number 59.
Mathematical expression for 257 x 59 can be written as,

257 x 59 = 257 x (32+16+8+2+1) = (257 x 32) + (257 x
16) + (257 x 8) + (257 x 2) + (257 x 1) = (257 x 25) + (257
X 24) + (257 x 23) + (257 x 21) + (257 x 29)

Now, the binary equivalent of the number 59 is
00111011. It indicates the value of ‘1’ in the bit positions,
0, 1, 3, 4, 5. Therefore, refer the bit position of ‘1’ in the
number 59 and shifts the binary equivalent of 257 to the
left accordingly. This leads to the multiplication of the
above expression. Thus, partial products are generated
with the help of shifting. Adder, designed using BRAM,
formulates the partial products suitably and executes
faster addition. Proposed multiplication algorithm, solely
focusing on BRAM, is explained below. Result of any n-
bit multiplication produces the product of 2n-bits. Hence,
‘0’s will be added in the least significant bit and most
significant bit side.

3.1 BRAM — an Overview

FPGA has embedded BRAM resources which
shall be created using Block Memory Generator (BMG).
It has two independent ports, both of which has ‘read’
and ‘write’ interface. One can configure the BMG either
as a single port or dual port memory. BMG in a design
will be automatically optimized for low power and
efficient resource utilization during synthesis.

Table 2. Signal details of single port BRAM

Signal name Input / Output Signal description
i Memory address of Port A to access the data. It is configured as 8-bit

ADDRAI[7:0] Input address. Therefore, 256 data can be stored.

DINA[4:0] Input Dat-a input which will be written into the BRAM through Port A. It accepts
5-bit data.

WEA Input Write operation is enabled through Port A.

CLKA Input Clock signal applied to the Port A is synchronous.

DOUTA[4:0] Output Data stored in the BRAM shall be read and released through Port A. It
releases 5-bit data.
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ADDRA[7:0]
DINA[4:0]

WEA[D:0] e

e DOUTA[4:0]

Figure 1. Single port BRAM

It does not demand any additional logic when
the BRAM is implemented as a single port BRAM. A
typical FPGA supports the data width of 1 — 4608-bits,
memory depths of 2 — 9M words [26]. One of the
interesting features of the BRAM is that ‘read’ and ‘write’
channels are independent. Figure 1 indicates the details
of a BRAM configured as a single port RAM.

Description of signals, assigned for a single port
BRAM, is listed in Table 2. Inference of Table 2 indicates
that BRAM has been designed for the memory size of 5
X 256.

3.2 Multiplication Algorithm

Step 1: Get two 16-bit numbers (multiplicand,
multiplier) which are to be multiplied.

Step 2: Refer the value of LSB bit of
multiplicand. If it is ‘0’, then store the result as ‘0’
of 32-bits. If it is ‘1’, then retain the multiplier
value, insert a ‘0’ in the LSB side, and insert
sufficient number of ‘0’ in the MSB side so that
the total number of bit to be stored is 32-bits.

Step 3: Refer the first bit position of the
multiplicand and follow the rule mentioned in the
Step 2.

Step 4: Repeat the Step 3 until all the bit
position of the multiplicand is referred and
processed. Now, there will be 16 data arrived for
16-bit positions of the multiplicand.

Step 5: In stage 1, group the 16 data into 8 pairs
and perform the addition using BRAM. After the
addition, there will be 8 data.

Step 6: In stage 2, group the 8 data into 4 pairs
and perform the addition using BRAM. After the
addition, there will be 4 data.

Step 7: In stage 3, group the 4 data into 2 pairs
and perform the addition using BRAM. After the
addition, there will be 2 data.

Step 8: In stage 4, group the 2 data into a single
and perform the addition using BRAM. This
leads to the multiplication of two 16-bit numbers.

Figure 2 shows the process of shifting the
multiplier and adding ‘O’s in suitable bit positions with
reference to the bit value of multiplicand by assuming its
data size to be of 8-bit.

The block diagram representation of proposed
multiplier designed using BRAM adder is portrayed in the
Figure 3. Partial products are generated through the
process of shifting. They are grouped as pairs and
concurrent additions are performed by 4-bit BRAM
adders. 4-bit adders are invoked for required number of
times to realize a 8 / 16 / 32-bit adder.

3.3 4-bit BRAM adder — Realization

Efficient adder circuit is the backbone of any
application involving complicated arithmetic operations.
There are different adder circuits like carry save adder,
carry look-ahead adder and ripple carry adder to carry
out efficient addition [27]. In general, speed of addition is
solely based on how effectively the adder circuit handles
the carry. This work has attempted to develop a
multiplier circuit using BRAM addition. Two numbers
which are to be added are concatenated to form the
address of BRAM and write the anticipated addition as
data in it. The process of address and data generation
using 2-bit addition is shown in Table 3.
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9:0 070 0 b;bsbsbibbabi 000 “b; — Shift by ‘1 position
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000 bybgbsbsbibbyb 00000
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Figure 2. 8-bit ‘Multiplier’ shifting in reference to Multiplicand bit status

Multiplier Multiplicand

L

Refer multiplicand
Shift multiplier

|Generate partial products |

Perform addition using
4-bit BRAM Adder

Figure 3. Proposed BRAM multiplier

Table 3. Conversion of addition in the form of LUT

Numbers to add | Address (in Binary) Add_|t|or_1 as Data Addition
SI-No i Decimal) (inBinay) | iy gecimal)
ads | ad2 | ad:1 | ado | d2 d: do
1. 0+0 0 0 0 0 0 0 0 0
2. 0+1 0 0 0 1 0 0 1 1
3. 0+2 0 0 1 0 0 1 0 2
4, 0+3 0 0 1 1 0 1 1 3
5. 1+0 0 1 0 0 0 0 1 1
6. 1+1 0 1 0 1 0 1 0 2
7. 1+2 0 1 1 0 0 1 1 3
8. 1+3 0 1 1 1 1 0 0 4
9. 2+0 1 0 0 0 0 1 0 2
10. 2+1 1 0 0 1 0 1 1 3
11. 2+2 1 0 1 0 1 0 0 4
12. 2+3 1 0 1 1 1 0 1 5
13. 3+0 1 1 0 0 0 1 1 3
14. 3+1 1 1 0 1 1 0 0 4
15. 3+2 1 1 1 0 1 0 1 5
16. 3+3 1 1 1 1 1 1 0 6
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% Block Memory Generator = % COE File Contents lll]
— Radix: 2
1P Symbol & X opr
i( - COE Vector: memory_initialization_vector
logiC . Block Memory Generator ..
Index Value I:I
— Optional Output Registers 54 01001
Port A 55 01010
56 01011
I” Register Port A Output of Memory Primitives 57 01100
58 01101
[ Register Port A Output of Memory Core 59 01110
: . ; 60 01111
™ Register Port A Input of SoftECC logic 61 10000
ADDRA[T:0] DOUTA[4:0] ™ Use REGCEA Pin (separate enable pin for Port A output registers) 62 10001
63 10010
She TE 64 00100
ENA Pipeline Stages within Mux |0 ~| Mux Size: 0x1 65 00101
66 00110
~Memory Initialization 67 00111
68 01000
[V Load Init File 69 01001
70 01010
Coe File ID:\research\multipIier BRAM based\mul8ram\addition.coe Browse Show 71 01011
72 01100
73 01101
74 01110
I” Fill Remaining Memory Locations 75 01111
76 10000
Remaining Memory Locations (Hex) IG 77 10001
78 10010
79 10011
80 00101
81 00110
82 00111
83 01000
84 01001
85 01010 L.l
| < | > Close l Hel |
4 1P Symbol | % Power Estmation Datasheet Back |Page4of 6  Next Generate Cancel H p .
Z

Figure 4. Overview of LUT content during BRAM creation in BMG
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Figure 5. Three stages of 16-bit addition

Address Generation:

(a1ao0 + bibo) = {b1boaiac} @)
= ads adz ad: ado (2)
Data generation:

(anao +bibo) = (bitas) + (botao) (3)
= CoS1So0 (4)
= dz2d1do ®)

Since the addition of 2-bit generates a 3-bit data,
BRAM stores 3-bit data using 4-bit address. 2-bit
addition will have 16 possible combinations of addition.
Therefore, the address size must be 4-bit as listed in the
Table 3. LUT for 4-bit addition shall be derived by
following the footsteps of 2-bit addition. The
concatenation of two 4-bit data results in 8-bit. Thus it
can have 256 possible combinations of additions. Result
of 4-bit addition is a 5-bit data. Therefore, it is necessary
to design a BRAM of storing 5-bit data in 256 locations.
LUT designed for 4-bit addition must be stored as a file
with the extension of ‘.coe’.

Thus, formulated LUT file needs to be uploaded
when creating a BRAM using BMG. Figure 4 indicates
the creation of a BRAM with the specification of 5 X 256.
COE Vector Table (LUT) can be seen in the right side of
the Figure 4. It shall be understood by analyzing the
following example. The value of ‘index’ 67 is denoted as
00111.

In the context of BRAM, ‘index’ and ‘value’ are
equivalent to ‘address’ and ‘data’ respectively. Binary

equivalent of ‘67’ is ‘01000011’. This value is arrived
while concatenating ‘0100’ (‘4’ to be added with) with
‘0011’ (“3’). Addition of these two numbers (4 + 3) results
into 7 whose equivalent binary number is 0111. The
‘value’ is represented in 5-bit size considering the
generation of carry in a 4-bit addition. BGM allocates one
18K BRAM. Its memory type is configured as a single
port BRAM memory. This design has not been opted for
any power optimization technigues. The data will be read
in a single clock cycle.

Figure 5 elaborates the different stages of 16-bit
addition. It separates the 16-bit numbers into two 8-bit
numbers and performs 8-bit addition in the fist stage. 8-
bit numbers are further grouped into two 4-bit numbers
and the 4-bit BRAM adders generate the result of 4-bit
addition. Therefore, 4 BRAMs are used to complete the
addition in stagel. In the similar way, two BRAMs are
used in the remaining stages to complete the addition.
Finally, the value of s [16] is XORed with the carry
generated by the 4-bit adder in the third stage. This is
the carry generated out of a 16-bit addition.

4. Results and Discussions

This work develops a 16-bit multiplier targeting
BRAM as its fundamental resource. Multiplication has
been established by following the process of shifting and
addition. The complete synthesis process has been
carried out using Xilinx ISE 14.7 software. The program
has been developed using VerilogHDL language.
Synthesis result of shifting the data is shown in the
Figure 6.
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Figure 6. RTL view of data shifting for 8-bit generation
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It performs shift left by ‘1’ bit position. It accepts
the 4-bit ‘mlr and 1-bit of ‘mld’ as its inputs and
generates the output ‘shifted’ as an 8-bit data. The ‘mIr’
is connected to the reset pin of the D flip flop. It forwards
the ‘mid’ to the output when the input of ‘mir’ is ‘1°. A ‘0’
input to the ‘mir’ resets the flip flop which leads to the
output value ‘shifted’ as ‘0’. The process of inserting ‘0’s
in suitable bit positions is evident from the Figure 6.
Grounding the buffer generates Logic ‘0’.

RTL schematic of 4-bit adder designed using
BRAM is shown in the Figure 7. The design does not
require any other hardware component, except a BRAM.

The designs of 8-bit, 16-bit and 32-bit adders are
shown in the Figure 8, 9, 10 respectively. In all the adder
design, only BRAM adders have been used. This helps
to achieve higher execution speed. BRAM is designed
to have the feature of concurrent execution of all the
BRAMs involved in a design. XOR logic is used in every
design to finalize the carry generated out of addition.

RTL schematic of 16-bit adder shown in the
Figure 9 performs the addition in two steps. 8-bit
modules fa and fb are independent. While, fc is able to
perform addition after receiving the carry result from the
module fb. 8-bit module is actually derived from three 4-
bit modules. This is also executed in two stages as
evident from the RTL schematic.

Figure 11 indicates the RTL schematic of 16-bit
multiplier. 32-bit adders in the first group receive the
input from the shifter. This confirms that the addition and
shifting are done in parallel at the maximum. Remaining

additions are performed in three stages. Synthesis
report of the 16-bit multiplier has indicated better
execution time. Logic involved in the design is minimal.
Data transfer from BRAM to other contributes the total
delay time.

The Proposed multiplier has also attempted to
analyze the impact of 8-bit multiplier. Figure 12 shows its
RTL schematic. Here, the addition is performed in three
stages. It was observed that the execution time of this
multiplication is equivalent to the execution time of 32-bit
adder.

4.1 n x n Multiplier

RTL schematic of multiplier indicated in Figure
11 and Figure 12 clarified the fact the 4-bit BRAM adder
has been the fundamental resource for the adder.
Shifting and addition are the components needed for
multiplication. 8-bit multiplier has been realized using 16-
bit adder. 16-bit multiplier has been realized using 32-bit
adder. Similarly, shifting was done for 8, 16 times in the
respective 8, 16-bit multiplier. Therefore n x n multiplier
shall be developed when the logic for ‘n’ times shifting
and 2n-bit’ adder circuit are developed. The logic is also
equivalent to the FPGA hardware resources assigned to
it.

The simulation of a 32-bit multiplier is shown in
the Figure 13. It indicates the result of multiplication of
9875 * 55 and 9875 * 312. The design has been also
implemented in the chip xc6sIx9-2-tqgl44. It is a
SPARTANG6 FPGA educational board.
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Figure 7. RTL schematic of
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Figure 14. FPGA implementation of 8-bit multiplier in the chip, xc6sIx9-2-tqg144

It has 16 switches and 16 LEDs as shown in the
Figure 14. Hence a 8-bit multiplication has been
implemented to validate the design. Xilinx ISE 14.7
software has been used for FPGA implementation. The
bit file generated after the synthesis of the design is
downloaded into the chip.

4.2 FPGA hardware resource utilization

Virtex-7 family FPGA was used to synthesize
the proposed multiplier. The exact specification of the
FPGA chip used is xc7v2000t-2fhg1761. Table 4 lists the
hardware utilization of FPGA chip from the available
resources. The analysis was done for different types of
adders (4/8/16/32-bit) and multipliers (4/8/16-bit). This
particular chip has a total of 1292 BRAMs. Xilinx
synthesis software optimizes the total number of BRAMs
required in the design. Thus the maximum number of
BRAMSs used in the design is 203 only which is 15.7%.

It is clear that the design has used only minimal
amount of the FPGA hardware. To prove the better
performance of the proposed design, it is compared with
the vedic multiplier in [28]. Details of LUT utilization
mentioned in Table 4 and Table 6 are reorganized in
Table 5 for easy understanding.

Table 5 clearly indicates that the proposed 4-bit,
8-bit and 16-bit multiplier uses only about 25%, 15% and
18% of LUT used by respective vedic multiplier.
Moreover, proposed multiplier has used BRAM while
vedic multiplier did not use it. 16% (203/1292) of the
FPGA BRAM is used in the proposed multiplier. As a
whole, hardware resources utilized to realize a 16-bit

multiplier in the proposed design is very minimal. It shall
be noted that hardware details mentioned in [1] and [29]
are available only for 16-bit and 8-bit multiplier
respectively.

4.3 Delay analysis

Table 6 discusses about the delay time created
by the FPGA to complete the multiplication. The
performance analysis of the proposed multiplier has
been compared with [1, 2, 28, 29]. It indicates that the
proposed multiplier is able to execute the multiplication
at higher speed when compared with the existing
multipliers.

This work also analyzed the behaviour of
multiplier in comparison with the BRAM adder. BRAM
adder has been used in the design of multiplier. Since
the multiplication is realized by shifting and addition
process, there is not too much impact on the delay time.
However, as seen from the Table 7, total delay time of
8-bit and 16-bit multiplier is equivalent to the total delay
time of 16-bit and 32-bit adder respectively. It is
because, the n-bit multiplier demands 2n-bit addition.
This proves that a better design in adder circuit will be
able to develop a better multiplier with lesser delay time.

Power analysis of the design for 8-bit multiplier
using SPARTAN6 FPGA chip, xc6sIx9-2-tqgl44,
indicates its total on power chip has been to be 14mW.
8-bit multiplier designed using hybrid compressor
technique indicates the power requirement of 58.25nW
[29].
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Table 4. Hardware utilization of xc7v2000t-2fhg1761 FPGA chip for multiplier design

FPGA chip : ) Adder Multiplier
Resources available
Xc7v2000t-2fhgl1761 4bit | 8bit | 16bit | 32bit | 4bit | 8bit | 16bit
Number of Slice Registers 24,43,200 0 0 0 0 16 64 256
Number of Slice LUTs 12,21,600 0 1 2 6 4 16 78
Number of bonded 10Bs 850 14 26 50 98 17 34 66
Number of Block RAM/FIFO 1,292 1 2 5 14 5 32 203
Number of BUFG/BUFGCTRLs | 128 1 1 1 1 1 1 1

Table 5. Hardware comparison — proposed multiplier with Vedic multiplier

Proposed
Hardware [28] [29] [2] [1] multiplier
description 4- 8- 16- . . . . . 4- 8- | 16-
bit bit bit 8-bit 4-bit 8-bit 16-bit 16-bit bit bit bit
LUT 16 104 436 83 12 57 206 194 4 16 78
Block RAM Not used Not Not Not Not Not 5 | 32 | 203
used used used used used

Table 6. Delay analysis of proposed design with existing multipliers

) Delay (ns) = Logic delay + Route delay
. - Bit Block _
Vedic / proposed multiplier size LUTs RAM Delay Logic delay | Route delay
(ns) (ns) (ns)
4 5 2.139 1.800 0.339
Proposed multiplier (xc7v2000t-
2fhg1761) 16 32 2.704 1.843 0.861
16 78 203 3.070 1.886 1.184
[1] 16 194 Not used | 3.68 Not Available Not Available
12 Not used 2.016
[2] 8 57 Not used | 3.508 Not Available Not Available
16 206 Notused | 4.721
16 Notused | 4.1 ] )
Not Available Not Available
[28] 8 104 Notused | 4.7
16 436 Not used 6.4 Not Available Not Available
[29] 8 83 Notused | 13.75 Not Available Not Available
Table 7. Delay analysis of proposed adder and multiplier
Adder Multiplier
Bit size | Logic delay | Route delay | Total delay | Logic delay | Route delay | Total delay
(ns) (ns) (ns) (ns) (ns) (ns)
4-bit 1.800 0.339 2.139 1.800 0.339 2.139
8-bit 1.843 0.744 2.587 1.843 0.861 2.704
16-bit 1.843 0.861 2.704 1.886 1.184 3.070
32-bit 1.886 1.184 3.070
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5. Conclusion

In this work, an exclusive and efficient 4-bit
BRAM adder is designed and implemented. Applications
which are using multiplication shall incorporate this logic
as this will reduce the usage of LUTs. On the contrary,
those LUTs shall be used for other applications.
Synthesis result of shifter is analysed as the
multiplication is achieved by shift and add method.
Therefore, the design consumed lesser amount of
hardware and resulted in high speed multiplier.
However, it demanded more number of BRAMs. This
ensures the effective utilization of the hardware resource
with minimal logic. An intricate analysis of the design of
BRAM adder and multiplier on different FPGA chips
demonstrated different execution speed. Comparison
between the delay time of BRAM adder and multiplier
disclosed a fact that delay time of ‘n-bit’ multiplier is
equivalent to the delay time of ‘2n-bit BRAM adder. This
design is applicable for integer multiplication only. Many
applications involve Floating point multiplication. Design
of floating point multiplication using BRAM adder will be
developed in the feature work.
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