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Abstract: An adder is one of the significant hardware blocks in most digital systems such as digital signal processors and
microprocessors etc. Over the last few decades, lots of researches have been carried out in order to design an efficient adder
circuits in terms of compactness, high speed and low power consumption using Xilinx. We studied different available parallel,
synchronous adders and proposed a new adder based on combination of them. In this paper, we proposed a new type of adder
architecture known as heterogeneous adder that consists of concatenation of sub-adder (homogeneous adder) of different types.
The heterogeneous adder architecture is based on Very High Speed Integrated Circuit Hardware Description Language (VHDL)
and compared for their performance using VIVADO 2016.1. Simulation, Synthesis, RTL Implementation is carried out in order
to obtain the utilization report and power report summary.
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L. INTRODUCTION

Arithmetic operations such as addition, subtraction, multiplication and division are widely used and play an important role in
various digital systems such as digital signal processor (DSP) architecture, microprocessor and microcontroller and data process
unit. Adders are the logic circuits designed to perform high speed arithmetic operations and are important components in digital
systems because of their extensive use in other basic operations such as subtraction, multiplication and division [1].

Efficient low power and area design techniques are required to avoid these problems. Therefore, the area efficient design makes the
chip size smaller, reduces cost and weight making the devices handy. Reducing a circuit’s average power consumption typically
improves the circuit’s reliability. This leads to a reduction in cooling requirements, which in turn reduces the packaging and cooling
costs [2]. In this paper, heterogeneous adder architecture is proposed and designed with the help of different homogeneous adder
architectures. Thereafter, the designed adder is compared with each other in terms of area and power along with the simulation
result and implementation using VIVADO 2016.1.

1. RELATED WORKS
A. Homogeneous Adder-Ripple Carry Adder
Ripple carry adder can be designed by cascading full adder in series i.e. carry from previous full adder is connected as input carry
for the next stage. Full adder is a basic building block of Ripple carry adder. Therefore, to design n-bit parallel adder, it requires n
full adders. This kind of adder is called a ripple-carry adder, since each carry bit "ripples” to the next full adder. The layout of a
ripple-carry adder allows fast design time. However, the ripple-carry adder is relatively slow, since each full adder must wait for the
carry bit to be calculated from the previous full adder [3].

S3 S2 S1 S0

Fig.1 4-Bit Ripple Carry Adder
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In the above Fig. 1, A, B are the 4-bit input, CO is Carry in and S is the 4-bit output, C4 is Carry out. The remaining C1, C2, C3 are
intermediate Carry. They are called signals in VHDL Code.

In our design we use 4 numbers of full adders to design a 4-bit parallel adder. The major limitation of Ripple carry adder is that as
the bit length goes on increases, delay also increases. Therefore, Ripple carry adder is not suitable if large number bits are to be
added.

The major element that causes delay is carry propagation. Hence it is important to calculate carry delay from input to output. For n-
bit Ripple carry adder, delay for carry can be calculated as: -

T. = Tea (A0, B0) to CO) + (n - 2) x T, (Cin to Cout)) + T, (Cin toSout (n -1))
where Tga (input to output) represent the delay of full adder on the path between its specified input and output [4].

B. Homogeneous Adder - Carry Look-Ahead Adder
A carry look-ahead adder improves speed by reducing the amount of time required to determine carry bits. It is slower than ripple
carry adder for which the carry bit is calculated alongside the sum bit, and each bit must wait until the previous carry has been
calculated to begin calculating its own result and carry bits. The carry look-ahead adder calculates one or more carry bits before the
sum, which reduces the wait time to calculate the result of the larger value bits. The working of this adder can be understood by
manipulating Boolean expressions dealing with full adder [5]. The propagate 'Pi* and generate 'Gi' in a full adder is given by
Pi = x_inxor y_in Carry Propagate

Gi = x_in and y_in Carry Generate
Both propagate and generate signals depend only on the input bits and thus will be valid after one gate delay. The new expressions
for the output sum and the carryout are given by:
sum = Si = Pixor Ci -1
carry out =Ci +1=Gi + Piand Ci
These equations show that a carry signal will be generated in two cases:

v' Ifboth bitsx_inandy inare 1

v Ifeither x_inory_inis 1and the carry_in is 1.
Let's apply these equations for a 4-bit adder

C(1) = G(0) + P(0)C(0)
C2) = G(1) + P@Q)CQ) = G(1) + P(1) [G(0) + P(0)C(0)]
= G(1) + P(1)G(0) + P(1)P(0)C( 0)
CB) = G2 + PQ)C(2) = G(2) + P(2G(1) + PP(1)G( 0) + PP(1)P( 0)C(0)
C@) = G(B) + P(3)C() = G(3) + P(3)G(2) + P(3)P(2)G( 1) + P3)P(2)P( 1)G(0)
+  P)P(2)P( 1)P(0)C(0)

Similarly we can write the general expression

Ci +1 =Gi +PiGi -1+PiPi -1Gi - 2+....... PiPi -1....P2P1G0 + PiPi -1....P1POCO.

Carry look-ahead adder's structure can be divided into three parts: the propagate/generate generator, the sum generator, carry
generator. The architecture of 4-bit Carry Look-Ahead adder is shown in Fig. 2., the architecture of 4-bit Carry Look-Ahead adder is
shown in Fig. 2 [1].
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Fig. 2. 4-bit Carry Look Ahead Adder
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Fig. 3. 4-Bit Carry Look Ahead Adder

C. 16 Bit Heterogeneous Adder

16-bit Heterogeneous adder proposed in [6], consists of four sub adders SA1 (Ripple carry adder), SA2 (Carry skip adder), SA3
(Carry select) and SA4 (Carry look ahead adder).Initially, equal bit-width for each sub-adder i.e. 4-bit as shown in Fig. 4 is chosen.
All these four sub adders are concatenated to form a 16-bit heterogeneous adder.

\I:(ls:n)

b(lS:ﬂ)\|/

;I’/B(s :0)

b(7:4)

b(15:12) a(11:8), a3:0);

:I’;(u:s) a(7:4),

Cin

<

d: Sout(11:8) d:sm(s:m

\I/ Sout(15:3)

Fig. 4. 16-Bit Heterogeneous Adder

D. 32-Bit Heterogeneous Adder

The architecture of a heterogeneous adder includes different types of adder implementations. 32-bit heterogeneous adder proposed
in this work consists of four sub adders (SA), 8-bit carry look-ahead adder, 8-bit carry skip adder, 8-bit carry select adder and 8-bit
ripple carry adder. Bit size selection for each sub-adder can be done on the basis of requirements (i.e. Area, Speed and Power
constraints) of particular application where the design is to be implemented. For example, ripple carry adder cover small area and
less power consumption but at the cost of large operation delay whereas carry skip adder gives high speed of operation but at the
cost of large area. Therefore in order to optimize adder design as per requirement [7], 32-bit heterogeneous adder is designed as
shown in Fig. 5.
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Fig. 5. 32-bit Heterogeneous Adder
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11l. PROPOSED MODEL
The Heterogeneous adder proposed in this paper consists of two sub adders SA1 and SA2. Sub adder (SA1) consists of 4- bit Ripple
Carry Adder architecture and Sub adder SA2 consists of 8-bit Carry look-ahead adder architecture as shown in Fig. 6. Both sub
adders concatenates to form a heterogeneous adder.

b(11:4) a(11:4) b@E:0) a(3:0)

4 bit Ripple Carry

8 bit Carry Look -
Adder Cin

Cout e Ahead Adder

SA2 SAl

) )

Sum(11:4) Sum(3:0)

Fig. 6. Heterogeneous Adder of Proposed Model

IV. RESULTS ANALYSIS
A. Ripple Carry Adder (RCA)

37,492.830 ns

Fig.7 Simulation Results of Ripple Carry Adder

TABLE |
OUTPUT SUMMARY FROM SIMULATION OF RIPPLE CARRY ADDER

3 0 0 3 0 3

3 0 1 4 0 4
3 2 0 5 0 5
3 2 1 6 0 6
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1) Implementation of RCA

Fig.8 Device Synthesis of Ripple Carry Adder

2) Synthesis for RCA
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Fig.9 RTL Schematic of Ripple Carry Adder

B. Design Summary of RCA
1) Utilization

Utilization - Post-Implementation
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| JC JET. 0, PRV I [T S, MU S WO (NG ' TN R N v TN S, SEWL TSR PN ML Vo S MO |
0 25 50 75 100
Utilization (%)
Graph | Table

Fig.10 Utilization Graph of RCA
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Utilization - Post-Implementation

Resource Utilization Available Utilization %
LuT 4 41000 0.01
(o} 14 300 4.67
Graph | Table
Fig.11 Utilization Table of RCA
Hierarchy
\ N Slice LUTs Slice LUTaslogic  Bonded IOB
- o (41000) ~ (10250)  (41000) (300)
4| -} real 4 2 4 14
5
%
X
Fig.12 Utilization Report of RCA
2) Power Summary
Summary
Power analysis from Implemented netist, Activity On-Chip Power
derived from constraints files, simulation files or ,
vectorless analysis. ] Dynamic: 2872w
Total On-Chip Power: 2959 W 0.078W
Junction Temperature: 30.6°C 7% 06% Mlogc:  0.0%6W
Thermal Margin: 54.4°C(28.7W) 0: 2768 W
Effective 0JA: 1.9°CW
[ Device Static: ~ 0.087W

Power supplied to off-chip devices: 0 W

Confidence level:

3% ]

Fig.13 Power Summary of RCA

C. Carry Look Ahead Adder (CLA)
1) Simulation result for CLA
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Fig.14 Simulation Results of Carry Look Ahead Adder
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2) Implementation of CLA

Fig.15 Device Synthesis of Carry Look Ahead Adder

3) Synthesis of CLA
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Fig.16 RTL Schematic of Carry Look Ahead Adder
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D. Design Summary of CLA
1) Utilization
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Fig.17 Utilization Report of CLA

Utilization - Post-Synthesis
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Estimated Utilization (%)

Graph Table

Fig.18 Utilization Graph of CLA

Utilization - Post-Implementation

Resource Utilization Available Utilization %
LuUT 8 41000 0.02
10 26 300 8.67
Graph | Table

Fig.19 Utilization Table of CLA

2) Power Summary
Power -impl_1
‘LZ: i@i * e { Summary

e ) ,
(i) tissa sedrepart X Power analysis from Implemented netiist, Activity On-Chip Pover

Settings derived from constraints files, simulation files or
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Power Supply
- Utiization Detals : Total On-Chip Power: 5.603W O Signals:  0.171W
Herarchical (5.51%) ¢ Junction Temperature: 356 °C %% %% [logc:  0.055W
o Sgnals ":5‘_" Thermal Margin: 9.4°C(%.1W) Ouo:  5.284W (36%)
‘ Logifm . Effectve (A 19O
L-1/0 (5.284W) Power supplied to off-chip devices: O W [ Device Static: ~~ 0.094W
Confidence level: Low
Fig.20 Power Summary of CLA
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E. Proposed Heterogeneous Adder Model
1) Simulation Result for Proposed Model

@hetrvhd X | @ ful_adivhd x | B hetwcfg* x o

Fig.21 Simulation Results of Proposed Heterogeneous Adder

TABLE Il
OUTPUT SUMMARY FROM SIMULATION OF PROPOSED HETEROGENEOUS ADDER

1 0 1 2 1 2

2) RTL Schematic for Proposed Model
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Fig.22 RTL Schematic of Proposed Heterogeneous Adder
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3) Implementation of Proposed Model

«

Fig.23 Device Synthesis of Proposed Heterogeneous Adder
F. Design Summary of Proposed Model

1) Utilization

Utilization - Post-Implementation

T T -1 i X
0 25 S0 75 100
Utilization (%)

Graph Table

Fig.24 Utilization Graph of Proposed Heterogeneous Adder

Utilization - Post-Implementation

Resource Utilization Available Utilization %
LuUT 10 41000 0.02
IO 38 300 12.67

Graph | Table

Fig.25 Utilization Table of Proposed Heterogeneous Adder
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Fig.26 Utilization Report of Proposed Heterogeneous Adder
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2) Power Summary

Power analysis from Implemented netlist. Activity
derived from constraints files, simulation files or

vectorless analysis.
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Junction Temperature: 40.3 °C
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On-Chip Power

99%

[ Signals: 0.276 W
96% [ Logic: 0.073W
O uo: 7.686 W

[7] Device Static: 0.102wW

Fig.27 Power Summary of Proposed Heterogeneous Adder

V. COMPARISON AND TABULATION
TABLE IV
COMPARISON OF UTILISATION BETWEEN 4-BIT RCA, 8-BIT CLA AND PROPOSED HETEROGENEOUS ADDER

14

0.01

4.67

26

0.02

8.67

10

38

0.02

12.67

[] Dynamic: 8.035W (99%)

IZLA

(96%
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TABLE V
COMPARISON TABLE FOR POWER SUMMARY BETWEEN 4-BIT RCA, 8-BIT CLA AND PROPOSED
HETEROGENEOUS ADDER MODEL

2.959W 5.603W 8.137W
30.6°C 35.6°C 40.3°C
54.4°C(28.7W)  49.4°C(26.1W)  44.7°C(23.5W)
2.872W (97%) 5.51W (98%)  8.035 W (99%)
0078 W (3%)  0.171W (3%)  0.276 W (3%)
0.026 W (1%)  0.055W (1%)  0.073 W (1%)
2.768 W (96%) 5.284 W (96%)  7.686 W (96%)

0.087W (3%)  0.094W (2%)  0.102 W (1%)

Slice Slice(10250)  Bonded Utilisation  Utilisation
LUTs(41000) 10B(300) %(LUT) %(10)

M4-BitRCA wm8-Bit CLA  mProposed Heterogeneous Adder

Fig.28 Comparison Graph of Utilization of Adders
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Fig.29 Comparison Graph of Power Consumption in Adders

VI. CONCLUSION

This paper introduces and validated Heterogeneous Adder using the 4-bit Ripple Carry Adder and 8-bit Carry Look Ahead Adder
and its modeling and simulation according to its properties using VHDL in VIVADO 2016.1. This model has less thermal margin
under power consumption. It has a minimum area and delay which proves to be an easy solution in improving speed of an adder
circuit over other conventional adder circuits in discussion suffering from either occupying more number of slices or look up table
per unit cell or having highest minimum propagation delay owing to either critical carry path for some power(in mW). The
respective utilization and power summary of the proposed model and the 4-Bit Ripple Carry adder and 8-Bit Carry Look Ahead
Adder was found and compared using bar-graph.
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