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ABSTRACT

Adders are commonly found in the critical path of many building blocks of the
microprocessors and also digital signal processing chips. Adders are essential for not only
addition, but also essential for subtraction, multiplication, and division. Addition is one of the
fundamental arithmetic operations. A fast and accurate operation of the digital system is mostly
influenced by the performance of the respective adders. The most important constraints of the

adder designs are the area, power, speed, timing, number of cells and delay.

As day by day digitalization is increasing in every application and so that the speed of
processors are increasing. So, to fulfil the demand of digitalization we need adders which

provide us accurate outputs with very less consumption of the constraints given above.

In this we have validate different types of adders like ripple carry adder, carry look ahead
adder, carry select, carry skip and carry save on the bases of area, power and delay. The
simulation and synthesis is done on industry standard tool Cadence on which we have worked on

different technologies like 45nm, 90nm, 180nm.

Depending upon the parametric analysis these fast adders have utilized in Multiplier
Accumulator Unit (MAC) in DSP application.



CHAPTER 1 INTRODUCTION

Adders are the vital components of the CPU (central processing unit) in today’s Digital
world. They are used in floating point calculations, ALUs, also in order to compute addresses of
memory. In other applications like microprocessors and digital signal processors (DSP)
architectures full - adders plays important role. The real revolution came into existence when
reduction of operating voltage and continuous scaling of the transistor size has led to a
predominant enhancement of the integrated circuits(IC). They play important role in the
packaging of FPGA device and fast performing devices with low power consumption, high speed
and smaller area. In Digital Signal Processing (DSP) and Central Processing Unit (CPU) adders
are the most normally used arithmetic block, hence optimizing power is of most importance.
Speed of a circuit increases rapidly with scaling technology to the depth of sub-micron and also
power consumption increases significantly per chip with respect to increase in the density of the
chip. Further, High-speed and low power are the two important factors that needs to be
considered in realizing modern (VLSI) Very Large Scale Integration circuits. In case of circuits’
design, the low-power adders with high-performance can be given at various different levels,

such as in the process technology, the logic style, architecture and layout,.

The composition of large number of single-bit full adders becomes ripple carry adder.
The architecture of the carry ripple adder circuit is easy. but speed of the circuit is slow because
every adder start’s operating only when previous output carry signal becomes ready. More
complex than ripple carry adder is that which consumes high power but high speed in operating

like the carry skip adder, carry look- ahead adder, carry select adder and carry increment adder.

What actually is an adder?

The adder is a circuit which performs the summation of two given inputs termed in digital
electronics. In order to perform any operation this is the basic circuit. The adder’s are not only
used in the different parts of the processor but also used as the part of the ALU(S), where they is

need to table lists, compute addresses, and many more.



The operation of an adder is carried out like : 0+0=0 0+1=1 1+0=1 1+1=10

Different types of adders:

They are of two type of adders:

1.1 Half Adder:

Half adder. It will generate two outputs, carry [C] and sum [S]. When two multiple bits are added
the excess which goes into the next bit is the carry signal. For ex, in the above case when both
inputs are entered as 1 then it resulted in 10 i.e., here 1 get’s shifted to next bit the sum would be
0 and hence carry would be only 1. The pictured below is the normal half-adder design, in which

for generating the sum we use xor gate and for generating carry we use and gate. The half adder

Full Adder
Half Adder

It is the one which performs summation of two single individual binary bits’ x and y is an

will generate output of a carry and sum by adding two single digit input.

The half adder circuit is as follows:

Table 1. The truth table of the Half-Adder:

o >

Fig 1. Half-Adder

Input | X 0 0 1 1
Y 0 1 0 1
Output | Sum 0 1 1 0
Carry |0 0 0 1




1.2 Full Adder:

The one which sums the binary digits and notes the digits that are carried in and also out is
known as full adder. In case of full adder the summation operation is done for three one-digit
numbers, which are written as X, Y, and Cin. X and Y can be called as operands, and input Cin
is a bit which is sent from previous digit. Which actually generates a two bits as output, which

are sum and carry that are given as the Cout that is carry out and sum signal output as S.

The full adder circuit is as follows:

,ﬂ,—o@

B ~ ] y———5S
Cin

Cout

Fig 2. Full-Adder

It is also done with the help of two half adders to which A and B as input of one half adder, and
output is the sum of it is given as an input to the next half adder, and Cin is provided as second
input to same half adder and or the two carrys which results a Full Adder. The circuit using half

adder is as shown below.

SUM

~ARRY L]

il s e

Fig 3. Full-Adder using Half-Adder
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Table 2. The truth table for the full adder is:

A

Inputs | B

Carryin

Outputs | Sum

o O O] ol o
ol | k| O O

0
1
0
1
0

| ol ~| Rk, o
o | O O k=
R o R, o -
| o o K, K,
e T =Y B = B S B SN

Carry out

It usually a part of complex adders, that add 8, 16, 32, etc. binary digits. Many different

types of complex adder’s can be implemented by using these Full adders and Half adders.




CHAPTER 2 COMPLEX ADDERS

Complex Adders are the one that are combination of full adders and half adders. Many complex

adders are out in our digital world out of which some of them are given below:

Ripple Carry Adder
Carry Look Ahead Adder
Carry Select Adder
Carry Skip Adder

Carry Save Adder

2.1 Carry Ripple Adder:

As word specifies this adder is the one that ripples the carry to next stage which is sent

from the previous bit. It is combination of n full adders. So, the full adder output carry would be

provided to the preceding full adder as input. Drawback of this adder is that it must wait for all

the previous carry to generate the final carry. The circuit of the carry ripple adder as given

below

4 Bat Rapple Carrv Adder

AT B3 AR B2 A B Al B

b

9 AT
ol T T o
Cud ) Cia {2 il i i
" Co @i —Co Cif—Co Oif4—Co Cipg—— Lm

Fig 4. Carry Ripple Adder



Operation of carry ripple adder:

In the above example we are considering 4bit Ripple carry adder. In which we require 4
full adders. Let inputs are A, B then first bit of A and B are given to first full adder, and third
input for the first full adder is Cin. Later carry and sum is generated. Further Carry out of first
full adder is provided as input bit to second full adder and second bit of inputs as inputs to the

second full adder then the outputs carry and sum have been processed and it goes on till n bits.
2.2 Carry look ahead adder:

It is another complex adder. Which uses concept of generate the carry and propagate the
carry. However, the concept of operation of generating carry and propagating carry is as the

following.
For carry generate we use G = A * B.
For carry propagate we use P = A xor B.

The circuit diagram for carry look a-head adder is given below:

:-:.'iJ l}iﬁr. le lﬂf xll |y1c :-:{]l |,3"”

g3 19| mie2 [0 mier [E1| o [
p3|g3 ]ra;‘ p2|e2 152‘—‘ pllel [ﬂ;—‘ pifen| 1s0
F
cd )
- Carry lookahead logic

Fig 5. Carry Look Ahead Adder
Procedure of carry look ahead adder:

To generate carry propagate and carry generate, the addition digit is carried out then the
summation would be generated else the least significant bit(LSB) carries and summation is
propagated. If the expression is represented, as Ciis carry in digit of the biti, thenP; is

propogate, Gi is the generate bit of bit i,



Ci+1= Gi+ (Pi+Ci)

The summation of every digit of the sequence, the Carry Look Ahead Logic shall provide
either the digit pair will propagate the carry or generate the carry. Which will allow the operation
to "pre-process” the summation of input digit pairs which provide the time of carry ahead.
Further, when original summation is processed, then there would be no delay for the carry ripple
effect. Above given is generalized 4-bit Carry Look Ahead block which is combination of 4-bit

Carry ripple adder with the few adjustments:

For sample given, logic of carry generates (g) and carry propagates (p) equations are
provided following. Out of which numbers in below equations are the input signals, initiating

from O least significant bit to 3 most significant bit:

C1=Go+ (Po+Co)
C2=G1+ (P1+C1)
C3=Go+ (P2+C2)
Cs=G3+ (P3+C3)

Further keeping C1 in C2, then C2 in C3 and C3 in C4 we get

C1=Go+ (Po+Co)

C2=G1+ (P1+Go+ (P1Po=Co))

C3=Ga+ (P2xG1+ (P2xP1«Go+ (P2xP1xPo«Cq)))

Ca=G3+ (P3xGo+ (P3*P2+G1+ (P3»P2xP1xGo+ (P3*P2xP1xPy=Cop))))

2.3 Carry Select adder:

It is another complex adder which is a conditional sum adder. It is constructed with sharing of
logic values commonly for sum generation. For sharing them commonly, a inverter with a xor
gate are used to perform addition outputs which are given below figure. When input carry-in is
be ready, then it can generate accurate sum depending on the input carry-in signal. Further for

the output carry, It should use one and gate & one or gate to find out possible input carry values



before generating. Finally when the carry-in bit would be ready, it can find out the accurate

output carry out based on the input carry-in bit.

Fig 6. Carry Select Adder
Operation of Carry select Adder:

It uses a pair of ripple carry adders & a single multiplexer. Summation of the pair of n-digit
numbers of it would be performed using the both adders in order to do the operation two times,
once by taking the carry in (Cin) as one and the other time taking the carry in (Cin) as zero.
When both the results are evaluated, then the correct carry out and also the actual sum is

generated with the help of multiplexer once the original carry in is known.

2.4 Carry Skip adder:

It is also known as Carry Bypass Adder which is another type of complex adder. The operation
of this adder has reduced the delay over ripple carry adder than the other adder. The
enhancement of least delay is done using many carry skip adders combine to form a single carry
skip-adder block. It has created to increase the operation through summing produced carry digit
to the whole adder. The resultant circuit [1] is given in following figure for a 4bit adder. The
input carry-in digit is provided as Ci and further the adder produces the output carry-out digit
(Ci+4) by itself. Carry skip circuit utilizes a pair of logic gates. The (and) gate is utilized to use

the carry-in then finally compares with the propagate signal group.

P,i+3) = Pi+3 » Pi+2  Pis1 » Pj



With help of above results, the generated output of (and) gate provided as input to (or) gate with

Ci+4 to generate final Carry out.

Carry = Ciss + Pgji+3) = Ci

Fig 7. Carry Skip Adder

Operation of carry skip adder:

From the above circuit, when P(i, i+3) = 0, which results in output group carry out is controlled
using (Ci+4) value. Further, when P(i,i+3)’ = 1, further input carry digit is Ci. = 1, then input
carry-in block would be consequently sent to the following adders group. This adder’s named as

“carry skip adder” due to the P(i,i+3)*Ci condition. If it is valid and then it skips the entire block.

2.5 Carry Save adder:

It is the one with low spread delay [4] (basic way), however it either of summing both input bits
to an individual output sum, it sums the three input bits to a two output bits. At last, then its
outputs are added to a conventional carry ripple adder or carry look ahead, which will generate

the entire inputs output as sum.

While summing at least three bits together, the sequence of carry-save adders [2] is been ended
by a individual carry-look ahead adder that gives much preferable propagation delays over the
sequence of carry look a-head adder. Specifically, it’s spread delay is not influenced by the width

of the bits being included.
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Fig 8. Carry Save Adder

Operation of carry save adder:

It is the complex adder which is completely combination of array of parallel full adder,
with each of three input bits A, B, and cin which are loaded into each full adder's as inputs.
Every full adder output, Sum is then associated with respective individual output bit, and then
output of it (Cout) is associated with output of upcoming significant bit of the output second and

also the most reduced one of output second is then provided by the Cin input of carry-save.
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CHAPTER 3 REVIEW OF LITERATURE

The chapter is focused on review of literature of different fast adder designs. To conclude this
topic many journals, articles, conference papers have been studied. Some of them are described

as below.

Pooja Kansliwal, Mahendra vucha, Rashmi Solanki, Prashant Gurjar (2011) [1]: This paper
tells about the equipment usage of the different high speed adders. That are like full adder, carry-
look a-head adder, carry_skip adder, carry ripple adder, carry select adder, these are integrated &
recreated in the Xilinx-ISE 9.2i stage, whose output parameters caught like region and speed are
thought for 16-bit and 8—bit adders .

Reena Rani, Laxmi Kanth Singh, Neelam Sharma (2009) [2]: In this paper numeric
operations are performed with the help of a greater radix system, for example, Quaternary Signed
Digit (QSD). They rely of Quaternary stamped digit structure. In QSD, every bit is addressed by
a bit between 3 to -3. Pass on development, intensive operation on broad number of bits, for
instance, 64, 128, and higher shall completed using unfaltering deferral, less diserse quality.
FPGA instruments are used for Hardware implementation of these circuits. The arrangements

mirrored using modalism programming and joined with the help of Leonardo Spectrum.

Nuno Roma, Tiago Dias, Leonel Sousa (2012) [3]: In this paper a point by point connection
examination of the couple of fast adder structures for prevalent VLSI configuration is done. The
appraisal of those structures is firstly finished in perspective of a clear gate check show range and
input concede unit of time. The results gained with such model were then endorsed by using two
totally uncommon real execution improvements, specifically CMOS consolidated circuits and
Field Programmable Gate Arrays (FPGA). Test comes to exhibit that among the showed and
evaluated topologies, the adder configuration in perspective of the radix-2 repetive association
converter offered the slightest defer when realized with any of the considered advances.
Regardless, it was in like manner the topology that required the most elevated measure of
component. The presented results can be seen as a critical resource in the assurance of the most

reasonable adder used to perform the operation in specific technology.
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Jasbir Kaur, Lalith Sood (2015) [4]: In this paper, the execution of the different adders, for
example, the Carry skip adder, the Carry increment adder, Ripple carry adder, the Carry look a-
head adder, the Carry select adder , the Carry save adder are talked about, they are analyzed in

the premise of their execution parameter’s, for example speed, power circulation and area..

Akash Kumar, Deepika Sharma (2013) [5]: This paper tells about the comparative evaluation
of the delay and speed of different varieties of adder just like the carry by-pass adder, the carry
ripple adder, carry-look a-head adder, the carry select adder to generate high pace 32-bit MAC
unit. The design is simple for carry ripple adder but it is well appropriate for just addition of the
less width operand due to the postpone which is increasing linearly with width of operands. The
carry bypass adder calls is hardly ever large than the area required by using the ripple carry
adder. Postponement of the carry look a-head adder is much less as examine to other. A ripple
carry adder would be slow than carry-look adder however carry look adder require comparingly
large area. For high-speed multiplication and accumulation, we can use carry-look ahead adder
for 32-bit MAC unit. In reality, the multiplier of carry-look a-head adder is two times of velocity

of multiplier.

George Joseph, Anand N. Jayakrishnan , P. Johny S Raj (2012) [6]: In this paper usage of
carry ripple adder, Kogge Stone-adder, carry select with Kogge Stone-adder have been
performed in Virtex five FPGA device x5vIx20t and the use of Xilinx, generation delay have
been calculated of the adder systems. The Kogge Stone adder is small delay than the alternative
adder systems. As a result carry select of Kogge Stone adder good result, may be used as a high
speed processors for speed carry community of adder circuit. Combining carry select to the
Kogge Stone adder, may leads to a good and efficient adder for super speed processor which is

carried and utilized for high velocity compute application.

R. P. P Singh, Praveen Kumar, Balwinder Singh (2009) [7]: In this paper, the overall
performance analysis of the exceptional fast adders has been accomplished. The evaluation
started on the premise of the following parameter performances i.e. Power consumption, area,
and speed. However they'd presented a layout technique for the hybrid carry skip adders/carry
look ahead. The usage of each fix and the variable block length has changed carry bypass adder.
In conventional carry bypass adder, to generate carry for subsequent block each having ripple

carry adder & skip logic has performed after every block. The velocity of depends upon at the

12



carry forward from the preceding block to the subsequent block. In carry by-pass adder, we use
the bring appearance in advance common sense in every block for generating the deliver to
further blocks. Then changed carry by-pass adder’s with the fixed circuit require greater CLB’s
due to the deliver appearance of Carry look ahead logic, whereas the circuit chematic, location

would be carried out.

José Luis Guntzel, Jucemar Monteiro, Luciano Agostini (2011) [8]: This paper implemented
the 2 different version for add-one carry select adder (A1CSA), that is enhanced under the bases
of cell of Very Large Scale Integration layout flow. Those architectures, at the side of the CRA
were synthesized for the 45nm technology TSMC fixed cell libraries used from Synopsys layout
Compiler under Topographical mode along with other conventional adder architecture (CLA and
CSA). (A1CSA and ALCSAH) are the two less energy dissipation add-one carry select adder
appropriate for standard-cells synthesis. On common, 22.2% less amount of area compared to
that of carry-select Adder hence synthesis effects has given that A1CSA is the smallest fast adder
requiring, on. Also, they confirmed that an average, 10.8% quicker, 3.4% more strength-efficient
over that of the carry-look ahead Adder for the ALCSAH , similar to the high-quality choice for

the excessive efficiency, pace are addition.

Kiran.M, Pavan Kumar.M.O.V (2013) [9]: In this paper it has defined that the comparative
overall performance for fast implementing adders inclusive of Advanced CSLA, CSLA, PPA,
Kogge stone structure, Ling adder on the excellent working frequencies. The results shows that
parameters of power and area the Ling adder has a good deal better. There s a variation in the
area and power which is reduced to 75% for 71MHz operating frequency. In 45nm technology
these designs are performed using CADANCE layout tools . It's showed low power and low area
for the Ling adder architecture designed. It is efficient and easy for VLSI hardware

implementation.

Ramanath J Nayak, Ravikumar A Javali, Manjunath C Lakkannavar, Ashish M Mhetar
(2014) [10]: In this paper after evaluating the timing consequences comparison for the carry save
adder by carry ripple adder, carry look ahead adder for convey appearance in advance adder they
have told that the performed design i.e. carry save adder with carry look a-head adder has set
27.5% quicker. Hence this CSA far utilized for Fast Fourier transform (FFT), Digital signal

Processing (DSP) and also for different packages for which timing constraints have critical in
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which they have able to capable of meeting time necessities, progress in performance and also on

the bases of a few energy and area.

S. Salivahanan, V. Kavinilavu, Samiappa Sakthikumaran, V. S. Kanchana Bhaaskaran, C.
Vinoth and B. Brindha (2011) [11]: In this paper, they have proposed the design which is less
complicated result for enhancing rate of carry select adder. The CSA has the drawback of having
high chip location, that triumph over use of the generated 4-bit incrementor unit. The generated
unit is likewise located to use much less energy. It may be used to speed the very last summation
in parallel multiplier design and different architecture that makes use of adder design. The shape
that is synthesized with the help of Synopsys front-end package deal the usage of SAED 90nm

generation.

Rajwinder Kaur, Amit Grover (2015) [12] : In this paper, the prevailing carry select adder and its
designing technique in the VLSI design has been defined. Even though those diverse designing
approach which defined above are proved to make more talented carry select adder having less
power utilization and less area than the opposite adders. More recent modification can focus on
reaching extra advanced power-area-delay carry select adder for processor processing processor

in very large scale integration layout.

Laxman Shanigarapu, Bhavana P. Shrivastava (2013) [13]: A uique method that has been derived
in this paper to decrease the location, energy and delay for SQRT CSLA architecture. Which
indicates layout for carry select adder implemented by the use of D-Latch and in comparison
with normal CSA and modified CSA(BEC and without the usage of Multiplexer). Which are
applied on Spartan XC3S500E FPGA device and the overall performance is verified. Area and
power is calculated with the aid of the use of synopsys RTL tool. This paper having higher

outcomes when as compared to CSA and changed techniques.

Aamir A. Farooqui, Vojin G. Oklobdzija ()[14]: They had proposed layout and
implementation of MAC unit, which could carry out 32x32, 32x16, and pair of 16x16
multiplication, resulting a throughput of two, 1, and 1 cycle. In which multiplier, Booth encoding
& 3-dimensional (TDM) method has been used, to result high speed multiplier. Unique circuit

has generated to house all types of operands (sign or unsigned) also to deal with sign extension.
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Changed booth algorithm combined with TDM and sign correction circuit effects for multiplier,

with a delay (ppa) equal to six xor gates.

Abdelgawad (2013) [15]: They have designed a quick and less energy consuming multiply
accumulate (MACC) Unit. Whose outcome shows that designed approach the other merging
techniques. Final results indicates as the proposed 32-bit MAC unit reduces 5.5% of the location,
9% of the power, and delay by means of 13%. Finally, they like to emphasis the novelty and
simplicity of that MAC unit to be utilized in DSP for WSNs future nodes.

David B. Roberts and Yuyun Liao (2002) [16]: In this paper, to satisfy the high requirement of
almost high level DSP packages, a performance high and energy low 32-bit mac unit was
designed. Which reaches 600 MHz in 1.3 V and 150 MHz at zero.7 V, further 800 MHz in 1.6 V.
The excessive throughput rate is completed through utilizing a mixing length-encoding scheme
& brand-new multiply accumulator structure which is more suitable DSP. The less energy intake
is performed by the use of CPL at the critical data paths, static COMS on the relaxation of the

MAC for numerous power reduction techniques.

Ohsang Kwon, Kevin Nowka, Earl E. Swartzlander, Jr. (2002) [17]: In this paper, a new
rapid 5:3 compression approach is derived from a quick 2-bit adder cell. It has the delay of 2
_xor whilst a brand new logical decomposition is used. Further, its one-level dynamic CMOS
circuit is proposed for exceedingly customized layout methodology. For the partial product
reduction of a sixteen-bit with the aid of 16-bit MAC, the use of the brand new 5:3 compressor
cell ends in 14.3% speed development in the form of xor delay. In distinctly custom designed
dynamic CMOS circuit implementation, 11.7% speed development is determined with 8.1%

much less power consumption in 0.225 pm bulk CMOS technology.
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CHAPTER 4 SCOPE OF STUDY

Adders are the most basic components of the CPU (central processing unit) in today’s
Digital world. They are used in floating point calculations, ALUs, also in order to compute
addresses of memory. In other applications like microprocessors and digital signal processors

(DSP) architectures full - adders plays important role.

As day by day digitalization is increasing in every application and so that the speed of
processors are increasing. So, to fulfill the demand of digitalization we need adders which

provide us accurate outputs with very less consumption of the constraints given below.

The accuracy of the digital devices is mostly determined by the operation of respective
adders. The most reviewed constraints for designing the adder are area, power, speed, timing,
number of cells and delay. So, Adders with optimized area, power efficient i.e., consumes very
much less power, high speed and also performing the operation using the less number of cells.
4.1 Objectives of study:

e To design 4-bit and 8-bit Carry Select Adder, Carry Skip Adder and Carry Save Adder.

To design Verilog code i.e., main module and test bench for all the three adders.

e To implement the code in Xilinx and Cadence NCsim and generate the waveform and
RTL on different technologies

e To analysis the Timing, Area, Power on 45nm, 90nm, 180nm technologies.

e To compare the different parameters for different technologies.
4.2 Tools/ Software’s used:
Xilinx, Cadence NCsim
4.3 Technologies used:

45nm, 90nm, 180nm.
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CHAPTER S RESEARCH METHODOLOGY

5.1 PROBLEM FORMULATION:

As day by day digitalization is increasing in every application and so that the speed of
processors are increasing. So, to fulfil the demand of digitalization we need adders which

provide us accurate outputs with very less consumption of the constraints given below.

The high speed and the exact operation of the digital devices is mostly derived by the
accuracy and speed of the respective adder. The most noted constraints for the adder designs are

the area, power, speed, timing, number of cells and delay.

5.2 DESIGN APPROACH:

To design these fast adders, we have studied various papers. To implement them we need
Verilog code i.e., main module and test bench. After getting the module for respective adders we
tried to simulate the module in Xilinx and cadence NCsim tool, at this time we get the simulation
result for different input combination. For synthesis of delay and power we use fast.lib and
slow.lib where we check the delay and power at 45nm, 90nm, 180nm technologies. So, finally

our main aim is to compare these techniques at the different technologies.

17



CHAPTER 6 RESULTS AND DISCUSSION

6.1 SIMULATION AND SYNTHESIS RESULTS OF 4BIT FAST ADDERS:

6.1.1.1 CARRY SELECT ADDER:

Carry select adder has been implemented in Xilinx and Ncsim using gate level modeling for

verification we have taken the results and verified with industry standard cadence tools.

Fig 9. Output waveform of Carry select adder
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Fig 10. Carry select adder
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6.1.1.2 POWER SYNTHESIS RESULT:

For the synthesis, here we are using fast.lib and slow.lib at supply voltage = 1.8 V for 180nm
technology, supply voltage = 1.1 V for 90nm technology and supply voltage = 1.3 V for 45nm

technology. As to these supply voltages the results for fast.lib and slow.lib are shown below:

A. Using 45nm Technology

Fast.lib Slow.lib
Generated by: Encounter{R) RTL Compiler RC14.10 - v14.10-pd08_ 1 g
Generated on: Dec D3 2016 61:25:52 pm = Generated by: Encounter(R) RTL Compiler RC14.10 - v14.10-p0G8_1
Module: carryselect Generated on: Dec 05 2016 01:18:39 pm
Technology library: gpikBASWC Hodule: ) carryselect
Operating conditions:  fast (balanced tree) Technology library: gpdkg4sbe
Wireload mode: enclosed = Operating conditions: slow [balanced_tree)
Rrba e timing library Wireload mode: enclosed
L Area mode: timing library

Leakage  [Dynamic Total Leak B . Tatal
Instance Cells Power(nW) Power(nW| Pawer{nW FaxAge. LXMmL oLs
....................... ()w{] Instance Cells Power{nW) Power{(nW) Power{nW)

lect 4 2701 1651.886 1854587 2 sTmamsmemmemesmeemesessosasresmeeoesis
ca;;yse = 1 8.675 328.5408 370.71% carryselect 4 B.672 1055.820 1856.492
2 1 8.675 342.083 342.758 fl 1 0.168 211.624 Z11.792
f§ 1 0.675 293.643 294.318 12 1 6.168 220.493  220.661
14 i 0.675 273.800 274.476 3 1 6,168 189,793 189,960
4 1 B.168 178,761 178.929

Fig 14. Power synthesis report for Carry select adder using 45nm

B. Using 90nm Technology

Fast.lib Slow.lib
. . - . . Generated by: Encounter(R} RTL Compiler RC14.10 - v14,10-pB08_1
sl Sl SI_LREJ‘_’TQJ'}:‘ RC14.19 - v1d.10-pBB8_1 Generated on: Dec 05 2016 01:22:25 pn
Module: : :arryseiect o Module: carryselect
Technology library: fast Technology library: slow
Operating conditions:  fast (balanced_tree) DP”atmq conditions; islow (balanted teps)
Wireload mode: enclosed = Wircload modp. enclosed ..
Area mode; timing library Area mode: timing Llibrary
= Leakage Dynamic Total
Instance Cells Pli;:l;?:ﬁl PE:':?‘T;:"I Polg;?;m Instance Cells Power{nW) Power(nW] Power{nW)
araeie 4 B0 e 775 Crpelect 4 ST 2ol 073 o
1 1 135.794  0925.487 1061,28L i T oo Thal e
12 1 135.794 072.852 1108 646 d e s
f1 1 135.794 854.056 989 850 3 1 84,476 551.755 636,231
] 1 124.380 593.670 718050 f L 67041 392.663 450,724

Fig 15. Power synthesis report for Carry select adder using 90nm
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C. Using 180nm Technology:

Fast.lib: Slow.lib:

Generated by: Encounter(R) RTL Compiler RC14.18 - v14.10-pBo6_L Generated by: Encounter{R} ATL Compiler RC14.16 - v14.18-p0G8_1

Generated on: Dec 05 2016 ©1:39:14 pm Generated on: Dec 05 2016 ©1:24:58 pm

Modu'le: carryselect Module: carryselect

Technology library: tsmcld 1.0 Technology library: tsmclf 1.0

Operating conditions:  fast {balanced_tree) Operating conditions:  slow (balanced_tree)

Wireload mode: enclosed Wireload mode: enclosed

Ared mode: timing Library Area mode: timing library

Leakage  Dynamic Total Leakage Dynamic Total

Instance Cells Power{nW) Power(nW) Power(nW) Instance Cells Power{nW} Power(nW} Power(nW]
carryselect 4 16,386 35383.496 35393.862 carryselect 4 15,385 21644.462 21859.847

fl 1 2.599 5B34.085 B836.684 fl 1 3,917 5336.695 5340.612

12 1 2,599 0064.646 9067.245 f2 1 3.017 5487.994 5411.912

13 1 21.599 BB74.705 BE77.364 3 1 3,917 5324.78lL 5328.608

4 1 2,580 6085.045 ©087.634 f4 1 3.632 3967.405 3911.837

Fig 16. Power synthesis report for Carry select adder using 180nm
6.1.1.3 DELAY AND TIMING SYNTHESIS RESULTS:

Same as in case of power synthesis, here we are using here we are using fast.lib and slow.lib at

supply voltage = 1.8 V for 180nm technology, supply voltage = 1.1 V for 90nm technology and

supply voltage = 1.3 V for 45nm technology. As to these supply voltages the results for fast.lib

and slow.lib are shown below:
A. Using 45nm Technology

Fast.lib Slow.lib

Generated by Encountar (A) RTL Compiiler RC14.10 - vi4.10.-p0o8_1 Generated by Encounter () RTL Compiler ACL4.10 - wi4.19-p0d8 1
GEnerated on: Dec 83 2006 01:2%:52 pm Generated an: Dec 05 2006 01:18:139 pm
Module ! carryseloct Moduile: carryselect
Technolegy Library: apdkBd%e Technology library: gpdkBasbe
Operating conditions fast {balanced_troe) Operating comditions slow |balanced_troe)
Wiraload sode: #nclosed = Wiraload scde: #hElased
Area mode timing Library Ares mode timing Library
Pin Type Fanoui Load Slew Delay Arrival Pin Typa Fanout Lowd Slew Delay Arrival
[(fF) {ps) ips) ips} [1F) (p3) ips)  ips)
afaj iR port 1 2.7 8 B 8 F afa] i porl 1 2.5 o B gR
f1lfa flra
LY * o 5Tk *0 o
QgE7/C0  ADDFXL I 2.0 39 53 B F QET/CD ADOFXL 1 1.8 91 «I9% 190 R
flrcout flfcout
i3 cin f2rein
ws7sCl +0 63 @7/l Ll 199
gaT/sco ADDFAL 1 2.0 9 w57 131 F gal/Co ADOFRL 1 1.8 ¥ 213 4172 R
12/ caul 12/ cout
Tifeim 137CiR
ST/l B 131 s T/Cl ] a7
gST/C0 . ADDFHL I 2.0 ¥ 87 158 F QgSI/C0  ADDFNL 1 LB B0 +213 625 R
LERL DL 137 cout
f4/cim f4fcam
gsricl +0 158 gstiel i [F2)
QS7/5 ADOFHL L 0.0 14 =81 279 R Q575 ADOFAL L 0.0 40 «268 892 F
LErE rars
sum[1] aut port ] e R sum[3] ot part 0 892 F
Timing slack URCONSTRATIRED Timing slack URCONSTRATRED
Start-point ajir) Start-point afir}
End-point 1 sum[3] End-point 1 sum[3]

Fig 17. Timing Synthesis Report for Carry select adder using 45nm
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B. Using 90nm Technology

Fast.lib Slow.lib
mEwe Ll
Generated by Encounter(R) BTL Compiler RC14 16 - vi4 18.pBo8_1 Generated by: Encounter(H) RTL Compiler RCL4.18 - vi4.10.p0d8 1
Geherated on: Dec 05 2016 ©01:16:15 pm Genefated on: e &5 2006 @01:22:25% pa
Maidale ! Carryselact Module: carryselact
Tachnolegy library: fast Technology Library: slow
Operating conditions: fast (balanced tree) Operating conditions: slow (balanced_tree)
Wirelond made: entloted Wireload sode: #neLased
Area mode timing Library Ares moda: timing Likbrary
Fan Typa Fanout Load Slms Delay Arrival Fin Typa Fanout Load Slew Delay Arrival
[fF) (ps] dps)  (ps) [fFE [ps) ips)  ips}
ald] in port 1 66 0 0 oF B BF
flia
q63/8 B (] 0 0
g63/C0 ADOFXL 1 5.1 M 68 B8 F #7431 4 F
11/ cout
f2feim
[-LEFLS ] +0 2] o FLE]
gBI/LD ADOFKL 1 %1 28 T 138 F B30 ADDEX] 1 4.0 6 «3%8 49) F
12/ cout T2/ caut
LERLS L] LEFLS L]
ghI/Ll i 138 gB3/C1 ] 49
gi3/L0  ADDFEL 1 51 # +70 200 F QE3AL0  ADDFXL 1 49 of «258 T43 F
13/ cout 13/ eaut
f4icim fafcim
LLET S| ] 207 gilsLl #f 43
b5 ADOFNL 1 0.0 11«84 291 R gE1/S ADDFYL 1L o 50 +3l4 W57 R
fals fa/s
sum|3) out port +0 251 R sum[1] out port +0 1657 R
Timing slack @ URCONSTRAIRED Timing slack : URCONSTRAIRED
Start.point 1 alb] Start-point : alb]
End-poant 1 sum[1] End-point 1 sum[3]

Fig 18. Timing Synthesis Report for Carry select adder using 90nm

C. Using 180nm Technology:

Fast.lib Slow.lib
Ll LD
Ganerated by: Encounter (A) RTL Compiier AC14.18 - v14.18.p0dd_1 Generated by: Encounterif) RTL Compller RC14.18 - v14_19.p0d8 1
Generated on: bec 85 2016 0€1:39:14 pm Generated on: Dec 05 2016 @1:24:57 pm
Mol ! carryseloct Module carryselact
Technology Library: tsaclf 1.0 Technology Library: tsaclf 1.0
Operating conditions: fast |balanced tree) Operating conditions: slow (balanced tree)
Wireload sode: anclosed Wiraload mode: #ntlosed
Area mode; timing library Area mode: timing library
Fin Typo Fanout Load Slew Delay Arrival Pin Type Fanout Load Slew Delay Arrival
[TF} {ps} ips)  (ps) [1FE {ps) ips}  (ps}
afa] in port 176 8 8 BF ala] in port 1 6.8 @8 ] BF
fl/fa fl/a
F63/8 # L} 3638 #0 L]
gEISLD  ADDFNZ 1 6.5 &% <201 201 F gEIFL0  ADDFNR 1 6.7 141 «96 496 F
f1/cout f1/cout
fijcin fi/cam
@63C1 +f 01 @63l L] 4
ghd/lo  ADDFN: 1 6.5 B0 «134 R Qb3C0  ADDFXE 1 6.3 143 <348 B4 F
12/ cout 12/ cout
LEFEAT] 135eam
g3/ 1l 335 g3/ +B 844
QB3/00 ADDFNY 1 6.5 &0 134 480 F QB30 ADDFXZ 1 6.2 143 348 e F
13/ et 13/ eont
fafcam tdicim
[-[AFia #0 59 [-[3FLa] #0 12
gElSs ADOFAL L o 34 <128 587 R aE3ss AMOFEL L o 71 «292 1464 B
ta/s t4/s
sum[3] ot port 0 587 R sum[3] out port #f  l4Ba
Timing slack | UNCOMSTRATIRED Timing slack | UNCONSTRAIRED
Start-point | al@) Start-point | alb]
End-point 1 s3] End-paint 1 sum|3]

Fig 19. Timing Synthesis Report for Carry select adder using 180nm
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6.1.2.1 CARRY SKIP ADDER:

Carry skip adder has been implemented in Xilinx and Ncsim using gate level modeling for

verification we have taken the results and verified with industry standard cadence tools.

Fig 20. Output waveform of Carry Skip Adder
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Fig 21. Carry skip adder
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Fig 23. RTL view of full adder
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Fig 24. RTL view of OR gate
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6.1.2.2 POWER SYNTHESIS RESULT:

For the synthesis, here we are using fast.lib and slow.lib at supply voltage = 1.8 V for 180nm
technology, supply voltage = 1.1 V for 90nm technology and supply voltage = 1.3 V for 45nm

technology. As to these supply voltages the results for fast.lib and slow.lib are shown below:

A. Using 45nm Technology

Fast.lib: Slow.lib:
Generated by: Encounter{R) RTL Compiler RC14.16 - v14,10-pBes 1 Generated by: Encounter{R) RTL Compiler RCL4.18 - v14.10-pB0E_1
Generated on: Dec 65 2016 01:50:13 pm Generated on: Dec 03 2016 02:01:48 pm
Module; carryskip Module: carryskip
Technology library: gpdkedsuc Technology library: gpdkdaSbe
Oparating conditions: fast (balanced tree} Oparating conditions: slow (balanced tree}
Wireload mode: enclosed Wireload mode: enclosed
Area mode: timing library Area mode: timing library

Leakage  Dynamic Total Leakage Dynamic Total
Instance Cells Power{nW) Power(nW) Power(nW] Instance Cells Power{nW) Powar(nW) Power{nW)

carryskip 6 5.662 3392.861 3398.523 carryskip 6 1.723 2239.175 2240.899
fl 1 B.675 442.983 443,658 f1 1 6.168 316.151 318.319
2 1 D.675 366.882 367.557 2 1 6.168 318.421 318.589
fa 1 B.675 425.034 425,789 3 1 0,168 256.155 256.323
f4 b 0675  467.961  468.636 4 1 6,168 293.755 793.423

Fig 25. Power synthesis report for Carry skip adder using 45nm

B. Using 90nm Technology

Fast.lib Slow.lib
Generated by: Encounter(R) ATL Compiler RC14.10 - v14.10-p808_1  Geperated by: Encounter(R) ATL Compiler RC14.18 - v14.10-p00s_1
Generatad on: Dec 05 2016 B81:59:32 pm Generated on: Dec 05 2016 01:43:53 pm -
Module: carryskip Module: carryskip
Technology library: fast Technology library: slow
Operating conditions:  fast (balanced_tree) Operating conditions: slow (balanced tree)
Wireload mode enclosed Wireload mode: enclosed g
Area mode: timing library Area mode: timing library
Leakage Dynemic  Total Leakage Dynamic  Total
Instance Cells Power(nW) Power(nW} Power({nW) Instance Cells Power|nW) Power(nW) Power(nW)
carryskip 6 BOT.2B9 4537.992 5145.281 carryskip 6 373.027 32945 682 3318.709
f1 1 135.794 874.588 1010.382 T 1 84,476 565.303 649.779
T2 1 135.794  727.796 863,590 T2 1 B4.476 470,254  554.730
f3 1 135.794 827.164 062.953 13 1 84,476 532.843 617.319
f4 1 135.794 878.e81 1013.875 il 1 84,476 566,967  651.444

Fig 26. Power synthesis report for Carry skip adder using 90nm
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C. Using 180nm Technology:

Fast.lib:

Generated by:
Generated on:
Module:

Technology library:

Operating conditions:

Wireload mode:
Ared mode:

Encounter(R] RTL Compiler RC14.10 - v14.10-p@08_1
Dec 85 2816 82;082:51 pm

carryskip

tsmcld 1.0

fast {balanced_tree)

enclosed

timing library

Leakage

Dynamic Total

Slow.lib:

Generated by:
Generated on:
Module:

Technology library:

Operating conditions:

Wireload mode:
Area mode:

Encounter{R) RTL Compiler RC14.10 - v14.18-pB08_1
01:47:10 pm

Dec @5 2016
carryskip
tsmcl® 1.8

slow (balanced tree}

enclosed
timing library

Leakage

Dynamic Tatal

Instance Cells Power(nW) PowerinW) Power{ni) Instance Cells Power(nW] Power{nW] Power{nW]

---------------------------------------------- carryskip 15.504 19323 699 19339 202

6
sk §  10.984 36764.338 36795242
AL A R 11 1 3.632 4389.218 4392.651
2 1 3.632 3661.040 3664.672
4 1 33 Tomoum 10687 3 L 3632 406,856 4030.488
5 I S5 Senin tasen 4 1 3,637 4D43.895 4047.527

Fig 27. Power synthesis report for Carry skip adder using 180nm
6.1.2.3 DELAY AND TIMING SYNTHESIS RESULTS:

Same as in case of power synthesis, here we are using here we are using fast.lib and slow.lib at

supply voltage = 1.8 V for 180nm technology, supply voltage = 1.1 V for 90nm technology and

supply voltage = 1.3 V for 45nm technology. As to these supply voltages the results for fast.lib

and slow.lib are shown below:
A. Using 45nm Technology

Fast.lib Slow.lib

riR) BTL Compiler RC14,168

Generated by
Generated on

Encoun
Bec @3 2018 @2:01:48 pm

vid 18.-pBos 1

Generated by: Encounter(R) RTL Compiler RC14.10 - v14.16-p008_1

Generated on: Dec @5 2816 01:56:13 pm ':W:lvl e ; <!£;;::;ﬁ!
Module : carryskip U:;r:’:;ﬁ:r’cu;u:::;ns. ﬁm Ina;anma_npfl
Technology library: apdkedswc Wirelond sede: encloded
Operating conditiens: fast [balanced tree) rpmomoder  Mew e
Wireload mode: enclosed
Area mode: timing library Pin Type Fanout Load 5lew Delay Arrivel
[#F) (px} ips) ipsh
afa] in port 1 2.5 a 0 amn
Pin Type Fanout Load Slew Delay Arrival o i s
(fF) {ps) (pst  (ps} lg‘:?.-’".o ADOFRL 2 7.0 3«60 2E0 B
S Bl fl/cout
b(3] in port 125 6 0R A w25
T4/b _}q:!.-'{o ADOFNL I - S = R )] 597 R
957/ 10 0 fircin:
a57/C0  ADDEXL 1 6.1 81 +82 B R gsTsCl ] L1
QST/LO  ADOFXL 2 7.3 226 +32% 225 B
fa/cout 13 comt
a2/h +0 82 fascim
02/Y NAND4X8 1 8.6 50 +43 124 F 9i7ocl +0 925
038/8 0 14 91?3:-55:' ADEIFXL 1 5.4 179 +305 1231 R
DELTAE ANDZXL 1 6.8 6 426 1540 F ga3/a +0 1231
carry out port + 150 F gl Al £ ARG H Ik
B T T P ECTa ANDZHNL i 0.0 1T 80 1488 F
Timing slack : UNCONSTRAINED vy il

Start-point : b[3]

End-point

L oearry

Timing slac
Start.point
End .- paint

out port

K UNCONSTRATNED

ala]
1 Carry

Fig 28. Timing Synthesis Report for Carry skip adder using 45nm
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B. Using 90nm Technology

Fast.lib Slow.lib
Generated by: Encounter(R) RTL Compiler AC14.10 - v14.10-pe08 1  Generated by: Encounter(R) RTL Compiler RC14.10 - v14.18-p068 1
Generated on; Dec 05 2016 01:59:32 pm Generated on: Dec 03 2616 01:43:53 pm
Module: carryskip Madule; carryskip
Technology Library: fast Technology Library: slow
Operating conditions: fast (balanced tree} Operating conditions:  slow (halanced tree}
Wireload mode: enclosed Wireload mode: enclosed
Area mode: timing 1ibrary Area mode: timing library
Pin Type Fanout Load Slew Delay Arrival Pin Type Fanout Load Slew Delay Arrival
(fF) tps) (ps) (ps) (fF) (ps) (ps) (ps)
afll in port 1 66 8 +0 aF a[2] in port 162 6 +0 B R
f2/a fifa
163/B +0 9 g63/8 +0 B
g63/C0  ADDFXL 116 21 #9 59F 963/C0  ADDFXL 1 1.5 b4 +19 197 R
2/ cout 3/ cout
034/4 + 50 939/A +0 197
039/¥ NAND4XL 118 23 4 LER] 939/Y NANDAXL 1 1.7 159 +152 0 F
g36/8 + 83 038/ + 349
038/Y AHDZXL 16880 7 +3 106 R 038/ AND2KL 108 24 +04 444 F
carry out port + 106 R carry out port +0 M4 F
Timing slack : UNCONSTRAINED Timing slack : UNCONSTRAINED
Start-point - a[l] Start-point : a[2]
End-point  : carry End-point  : carry

Fig 29. Timing Synthesis Report for Carry skip adder using 90nm

C. Using 180nm Technology:

Fast.lib Slow.lib
Generated by: Encounter(R) RTL Compiler RC14.10 - v14.19-poog 1  Generated by: Encounter(R] RTL Compiler RC14.16 - v14.16-p0Bg 1
Generated on: Dec 05 2016 02:62:51 pm ~ Generated on: Dec €5 2016 01:47:10 pn
Module: carryskip Module: carryskLp
Technology library: tsmels 1.0 Technology library: tsmcld 1.0
Dperating conditions:  fast (balanced_tree} Operating conditions:  slow (balanced tree)
Wireload mode: enclosed Wireload mode: enclosed
Araa mode: timing Library Area mode: timing library
Pin Type Fanout Load Slew Delay Arrival Pin Type Fanout Load Slew Delay Arrival
{(fF} (ps) (ps) (ps) {fF] (ps) (ps) (ps)
a[l] in port 176 @ +f R al3] in port 168 0 40 0R
f2/a fi/a
g63/8 + 0 963 /B +0 ]
963/C0  ADDFX2 1 3.2 40 #2241 1R g63/C0  ADDFXL 1 3.1 138 +510 510 R
f2/cout f4/cout
939/D + 41 939/0 +0 510
a39/Y HANDAXL 120 52 +M4 85 F 939/Y NANDAXL 1 1.0 128 +138 640 F
a38/A +f 285 038/4 +B 640
038/Y ANDZXL 1 0.0 30 +78 362 F 038/Y ANDZX1 1.8.6 59 +189 829 F
arry aut port +0 62 F carry out port +0 829 F
Timing slack : UNCONSTRAINED Timing slack : UNCONSTRAINED
Start-point : a[l] Start-point : a[3]
End-point L ocarry End-point . carry

Fig 30. Timing Synthesis Report for Carry skip adder using 180nm
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6.1.3.1 CARRY SAVE ADDER:

Carry save adder has been implemented in Xilinx and Ncsim using gate level modeling for

verification we have taken the results and verified with industry standard cadence tools.

Fig 31. Output waveform of carry save adder

4
B B a0 i 4'bor)l( 4B001 ;lr{ 4B0010 >I; £01100
Hap
Ml alz

Ml ar |
a0 |
B B biz:0] {___4pD0ID ¥ amoo0d  4hoiod b 451010
1 bizl [
Aoz [
2 ol
3 o)
an cin —|
B K sum(3:0] awoopt W aptoon % 4ot #6010
M sum3] |
1 sum(z]

M sumf1] |
M sumio] |
M carry [
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a(3:0)
b(3:0)

cin

sum(3:0) ——

carry ——

Fig 32. Carry save adder
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>

Data(1)

Data(1)

EEoy——— = —< a cout
<]
EEy—t ,——
&in o % o
J__ 1
D
Fig 33. RTL view of carry save adder
” | _‘\——\
D—';];E = ) e
T L of— =
IE‘)—»—AI : "
AT
N‘l[e
Fig 34. RTL view of full adder
Data(0) Result Data(0) Result

—
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Fig 35. RTL view of XOR Gate




6.1.3.2 POWER SYNTHESIS RESULT:

For the synthesis, here we are using fast.lib and slow.lib at supply voltage = 1.8 V for 180nm
technology, supply voltage = 1.1 V for 90nm technology and supply voltage = 1.3 V for 45nm

technology. As to these supply voltages the results for fast.lib and slow.lib are shown below:

A. Using 45nm Technology

Fast.lib Slow.lib

Generated by: Encounter(R) RTL Compiler RC14.10 - v14.18-pB08_1 Generated by: EncounteriR) RTL Compiler RC14.10 - v14.10-p008_1

Generated on: Dec B3 2016 01:52:03 pm Generated on; Dec 85 2616 12:53:14 pm

Module: carrysave Module: carrysave

Technology library: gpdkB4Suc Technology library: gpdkédibe

Operating conditions:  fast (balanced_tres) Operating conditions:  slow (balanced_tree)

Wireload mode: anclosed Wireload mode: enclosed

Area mode: timing library Area mode: timing library

Leakage Dynamic Total Leakage  Dynamic Total

Instance Cells Power{rW} Power{nW) Power{nW) Instance Cells PowerinW) Powar{nW) Power{nW}
Carrysave 8 6.088 4191.574 4197 663 carrysave B 1.693 2676.264 2677.958

fl 1 1.637 793.432 795.069 f1 1 0.514 499,599  580.113

f2 1 B.675 366.882  367.557 5 1 6.181 295.092 205.273

3 1 B.675 457.278  457.953 T2 1 0168 235,652 235.820

T4 1 B.675 446 616 447 .292 E] ik 6.168 291.408 201.568

& 1 B.675 498.739  499.415 T4 1 ©.168 285.519  285.687

7 1 B.675 382.425 383,100 fé 1 0.168 322,163 322.331

5 1 B.566 453,071 454.538 T7 1 6.168 248.679 24B8.847

& 1 0,509 224,135 224,644 fé 1 0.158 148.248 148.398

Fig 36. Power synthesis report for Carry save adder using 45nm

B. Using 90nm Technology

Fast.lib Slow.lib

Generated by: Encounter(R} RTL Compiler RC14.18 - v14,10-pB0&_1 Generated by: Encounter(R} RTL Compiler RC14.10 - v14.10-p005_1

Generated on: Dec 65 2016 01:00:18 pm Generated on; Dec 05 2016 01:06:13 pm

Module: Carrysave Module: carrysave

Technology library: fast Technalogy library: slow

Operating conditions:  fast (balanced_tres) Operating conditions:  slow (balanced_tree}

Wireload mode: enclosed Wireload mode: enclosed

Area mode: timing Library Area mode; timing library

Leakage Dynamic Total Leakage Dynamic Total

Instance Cells Power{nW] Power{nW) Power{nW} Instance Cells Power{nW) Power(nW) Power{nW)
carrysave 9 1642.203 T7916.389 8958.592 CArrysave 9 624,237 5208.457 5832.694

5 1 156.633 783,931 940.504 a 1 86,962 527.1B5 614,147

f& i 156.633 447,627  604.268 18 1 86.962  302.287 389.229

f2 1 135.794 898,275 1034.069 2 a5 84.476 592.836 677.312

E] 1 135,794 1095,.892 1231.686 f3 1 84.476 724129  808.665

f4 1 135.704 1189.047 1244.841 T4 1 84.476 732.754 817.231

6 1 135,794 1397 862 15333.656 6 1 B4.476 082.558 DE7.034

7 1 135.794 1688.979 1224.773 7 1 84.476 T04.274 788.759

fl 2 49,967 275.505  325.473 fl 2 27,932 Z01.016  228.947

Fig 37. Power synthesis report for Carry save adder using 90nm
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C. Using 180nm Technology:

Fast.lib: Slow.lib:

Generated by: Encounter(R) RTL Compiler RC14.10 - v14.18-pBB&_1 Generated by: Encounter(R) RTL Compiler RC14, 18 - v14.10-p0BE_1
Generated on: Dec 65 2616 ©61:11:33 pm Generated on: Dec 85 2016 @1:14:67 pm
Module: carrysave Module: carrysave

Technology library: itsmcl8 1.8 Technology library: tsmcld 1.8

Oparating conditions: fast (balanced_tree| Operating conditions: slow (balanced_tree)
Wireload mode: enclosed Wireload mode: enclosed

Area mode: timing library Area mode: timing library

Leakage Dynamic Total Leakage Dynamic Total

Instance Cells Power{nW) Power(nW} Power{nW) Instance Cells Power{nW) Power{nW) PowerinW)
carrysave g 15,881 57331.643 57347,523 carrysave a 23,229 34707 440 34730 669

2 1 2.500 7982828 T7985.427 2 1 3.017 4875.636 4870.354

f 1 2599 go3s g5l 5937, 46D 3 1 3.017 5462.482 5466.309

4 1 7,500 8840167 BAS1.761 4 1 3.917 5403,705 5407627

6 1 2.590 12488.751 12411.350 L L 3.917 7278.560 1274.477

7 1 2.509 B8811.649 B§314.248 24 L 3007 5174, 001 177, 898

5 1 1223 3673.276 3674.498 12 1 &A2002278 230 227961

8 1 1.223 2347.611 2348.833 e L Ladd asaas 1ass.ley

: 5 i fl 2 0.795 628,832 829,627
fl 2 B.440 1238.823 1228.464

Fig 38. Power synthesis report for Carry save adder using 180nm
6.1.3.3 DELAY AND TIMING SYNTHESIS RESULTS:

Same as in case of power synthesis, here we are using here we are using fast.lib and slow.lib at

supply voltage = 1.8 V for 180nm technology, supply voltage = 1.1 V for 90nm technology and

supply voltage = 1.3 V for 45nm technology. As to these supply voltages the results for fast.lib

and slow.lib are shown below:
A. Using 45nm Technology

Fast.lib Slow.lib

Encounter (R} spilar ACL4. 10 - wid4,10-p0OS_1 Gengrated by w14, 18.pBos 1
Génerated on Dec 03 2016 0L:52:03 pm Generated on Dec @5 2006 12:53:14 pm
Module: Carrysave Module CArFysawe
Technology library gpakDaYwe Technology likrary: [ELLGERT T4
Operating conditions: fasl |balanced_tree) Operating conditions:  £low (balanced tree)
Wireload sode: enslosed Mireload mode: enclosed
Area mode timing library Area mode timing library
mn Type Fanout Load Slew Delay Arrival Pin Type Fanout Load S5iew Delay Arrival
[TF) (p%) (psd  Cps) [TF} (pz}  (psd  (ps)
wll) im port 1 2.5 ] £l aF Bllj im port P 2.3 a 0 @ F
1278 farm
QuT/B 0 ] gs1/m 0 o
g5I/s ADDFHL 1 1.7 32 a7 g7 m gs1is ADOFEL L 1.6 79 <276 276 R
LFi 1255
sl 157k
P22/B +0 BT gia/ma 0 276
§23/C0  ADDHX1 1 2.6 23 el 128 R gR3/C0  ADDHK] 1 1.8 5% elag 414 R
5 fcout S cont
fira T6/n
asTscl +0 128 il +0 414
gST/C0  ADDFNL L 2.8 3T 88 188 R g57/00  ADDFNL I 1.8 &6 <201 615 A
16/ cout 16/ cout
117 t1fa
gs7/C] ] 1E8 gsT/C 4 1%
QETACO ADDFXL L 1.6 1 #61 250 R Q3700 ADDFIL L 1.5 78 207 827 R
1 feout f1/cout
f8ra 18/a
§22/8 +B 258 g21/m + u2
Q225 ADOHXL L 0.0 10 ] %8 F Q1S5 ADDHEL L 0.0 5 «137 279 F
B/5 T8/ %
sum[3] out port L] 264 F sum[3 ] oul port wl a0 F
Timing slack NCONSTRATRED Timing slack LR BMSTRATRED
Start-peint : bill Start-poant @ B|L]
End-poant : sumf3] End-polnat sam|3]

Fig 39. Timing Synthesis Report for Carry save adder using 45nm
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B. Using 90nm Technology

Fast.lib

Generated

by

Encounter (A} RTL Compiler ACL4. 18 - vi4 l9.p0d8 1
Dec &5 2006 01:00:18 pm

Modile: L@ FTy iave
Technelogy library: fast
Operating comditions: fast [balanced troe)
Wiraload soda: anclosed
Ares mode: timing Library
#in Type Fanout Load Slew delay Arrival
[1F} [ps) (psd  (ps}
all] in port 1 6.6 L L] gF
fisa
gil/8 +0 L]
pE3ss AMIFIL 1 4.8 24 +10% 109 R
/s
5k
g22/B ] 1
F22/00  ADDHEL 1 5.1 30 =42 151 R
15/ cout
fhiia
g63/C1 B 151
QB30 ADDFHL 1 5.1 2 59 R
16/ cout
11/a
i3/l ] 118
giijl0  ADDFXL 1 4.8 24 +457 261 R
Ti/cout
i/ a
g22/B 0 267
G2/ ADDHEL 1 0.0 L ] 10
rass
sum[3] out port ] S F
Timing slack @ URCOHSTRATRED
Start-point @ afl]
Ena-podnt i sum[3]

Slow.lib

Generated by:
Generated on: Dec 05 2006 ©01:06:13 pm
Medule: carrysave

Technology library: slow

Operating conditions: slow {balanced_tree)
Wireload sode: enclosed

Encounter(R) RTL Compiler RC14.10 -

Ares mode: timing ladbrary
Pin Type Fanout Load Slew Delay Arrival
(TF) (ps) (ps) (ps)
all] in port 1 6.2 8 8 eF
f2/a
§63/8 +0 0
963/5 ADOFX1 1 4.4 98 394 3R
1275
15/
g22/8 +0 3%
g22/C0  ADOHXL 1 49 9 a8 556 R
15/cout
16/a
g63/c1 e 556
@63/C0  ADDFX1 1 49 %4 23 750 A
16/<out
t7/a
963/C1 +0 790
$63/C0  ADOFX1 1 4.4 99 <230 1020 R
17/cout
18/a
922/8 +0 1020
Q22/5 ADDHXL 1 0.0 31 «150 1170 F
18/
sum(3) out port + 1176 F

Timing slack | UNCONSTRAINED
Start.point : afl]
End-point 1 sum|3}

Fig 40. Timing Synthesis Report for Carry save adder using 90nm

C. Using 180nm Technology:

Fast.lib

Generated by: Encounter(R) RTL Compiler RC14.10 - ﬂl.ll:l-nln!_l.
Generated on Dec &5 2006 01:11:33 gm
Module Carrysave
Technology library: tsmcld 1.0
Operating conditiond: fast (balanced tree}
Wireload sode: ancloged
Arsa mode] timing Library
msas - - -
#in Type Fanout Load Slew Delay Arrival
[TF) ps]  ipsd  Qps)
afl] 16 port 1 1.¢ @& +B GRr
f2/a
LA +0 L}
6300  ADDFRZ 1 7.0 59 «4B 48 W
f2/cout
b
§63/8 0 144
gha/n0 ADDFET 1 6.5 61 +3%% L
1/ cout
f1/a
B/l ] $01
gi3sC0  ADDFKE 1 6.1 58 <124 62T R
17/ caut
ffa
gl +0 627
GIBA0 ADDHEL 1 0.0 30 55 662 R
T8/ cout
CRFTY out port i3] EE2 R

Timing slac
Ltart-point
End-point

K 1 UNCOMSTRAIRED

1 afll

I Carry

Fig 41. Timing Synthesis Report for Carry save adder using 180nm

Slow.lib

Generated By

Geherated on: Dee 05 2016 01:14:07 pm
Modale: CA PPy Save

Technolegy Labrary: tsmclé 1.8

Operating conditions: slow (balanced tree)
Wireload sode: enclosed

==
Encounter(R) RTL Compiler ACL4, 18

Area mode timing Library
™n Type Fanout Load 51ew Delay Arrival
[1F) (ps) § )
afl] iR port 1 6.8 L]
t2ra
(1R +0 a
g63/5 ADDFEZ 1 5.9 140 #5354 554 F
/s
f5/b
g22/8 +0 554
22700  ADBHEL 1 6.2 ¥ 201 T5% F
15/ cont
f6Sa
g63rsL1 +0 T5%
gid/L0  ADDFXZ 1 8.2 148 «137 1092 F
fiScout
f17a
gb2/C1 +0 1092
gB3/C0  ADDFNZ I 5.9 144 «148 1439 F
17 feaut
fisa
ga2/e +0 1439
Gd2rs ADDHEL L 9.6 143 +#1T3 1617 F
LE 0SS
sum[3] aut part @ LEL2 F
Timing slack | UNCDNSTRATRED

Start-point : all]
End -paint aum]i|

32

v14.10-p008_1

- wid. 10-pBog_1



6.1.4 PERFORMANCE EVALUATION:

Table 3. Comparison between the parameters of Carry Select adder, Carry Skip adder, Carry

Save adder.
Fast Technology Type Cells Total Power (UW) | Total Delay(ps)
Adders used
45nm Fast 4 1654.587 279
Slow 4 1056.492 892
Carry 90nm Fast 4 4627.775 291
Select Slow 4 2976.080 1057
Adder 180nm Fast 4 35393.882 597
Slow 4 21659.847 1484
45nm Fast 6 3398.523 150
Slow 6 2240.899 1480
Carry Skip 90nm Fast 6 5145.281 106
Adder Slow 6 3318.709 444
180nm Fast 6 36795.242 362
Slow 6 19339.202 829
45nm Fast 8 4197.663 298
Slow 8 2677.958 979
Carry Save 90nm Fast 9 8958.592 306
Adder Slow 9 5832.694 1170
180nm Fast 9 57347.523 682
Slow 9 34730.669 1612
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Comparison of Total No. of Cells:

Fast
10 8
8
6
4
2
0
45nm 90nm 180nm
M Carry Select Adder B Carry Skip Adder
m Carry Save Adder
Fig 42. Comparison of Total No. of Cells Graph
Slow

10

o N B~ O

45nm 90nm 180nm

M Carry Select Adder B Carry Skip Adder

m Carry Save Adder

Fig 43. Comparison of Total No. of Cells Graph
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Comparison of Total power consumption (in uW):

Fast
573
60000
50000
40000 352 v
30000
20000
89
0
45nm 90nm 180nm
M Carry Select Adder ~ m Carry Skip Adder ~ m Carry Save Adder
Fig 44. Comparison of Total Power Consumption Graph
Slow
347
35000
30000
25000 21
20000
15000
10000 58
0

45nm 90nm 180nm

M Carry Select Adder  ® Carry Skip Adder ~ ® Carry Save Adder

Fig 45. Comparison of Total Power Consumption Graph
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Comparison of Total Delay (in ps):

Fast:

Slow:

700

600

500

400

300

200

100

1800
1600
1400
1200
1000
800
600
400
200

682
597
62
50
06

45nm 90nm 180nm

M Carry Select Adder ~ m Carry Skip Adder ~ m Carry Save Adder

Fig 46. Comparison of Total Delay Graph

1612

1170

1057
79
44

1484
29

45nm 90nm 180nm

H Carry Select Adder M Carry Skip Adder  m Carry Save Adder

Fig 47. Comparison of Total Delay Graph
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6.2 SIMULATION AND SYNTHESIS RESULTS OF 8BIT FAST ADDERS:

6.2.1.1 CARRY SELECT ADDER:

Carry select adder has been implemented in Xilinx and Ncsim using gate level modeling for

verification we have taken the results and verified with industry standard cadence tools.

Fig 48. Output waveform of Carry select adder

— a(7:0) sum(7:0) ——
— b(7:0)

—— ¢in carry ———

Fig 49. Carry select adder
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Fig 52. RTL view of multiplexer
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6.2.1.2 POWER SYNTHESIS RESULT:

For the synthesis, here we are using fast.lib and slow.lib at supply voltage = 1.8 V for 180nm
technology, supply voltage = 1.1 V for 90nm technology and supply voltage = 1.3 V for 45nm

technology. As to these supply voltages the results for fast.lib and slow.lib are shown below:

D. Using 45nm Technology

Fast.lib Slow.lib
Generated by: Encounter(A) RTL Compller RC14.10 - vi4.10-p0@s_1 Generated by: Encounter{R) RTL Compiler R(ld.l-a_- v14.10-p088 1
mgﬂ{ﬂ‘fﬂd on: Apr 14 {911 01:38:46 pm Generated on; Apr 14 2617 ©1:45:41 pm B
A e carryse et Module: carryselect

Technology library: qpdkid5wc

el A ; Technology library: gpdkBdsbe
.E,F'Eritlgg L;'“_jltmns' fas{ \:b;lanced_trea,l Gperating conditions:  slow (balanced_tree)
Al'e uad WU & one osel'h Wireload mode: enclosed
fE3Menes timing labrary Area mode timing library

Leakage  [ynamic Total
Instance Cells Power(nW] Power(nW] Power(nW]

carrysslect 402 3776.114  3781.515

Leakage  Dynamic Total
Instance Cells Power(nW) Power{nW) Power(nW}

8 5

1 1 D675 313,315 313.008 ca;{mlecr ? é:i;; ziéijigﬁ 23&;‘1325
2 1 0.675 375.387  376.062 f2 1 0.168 241,316 241.484
3 1 D675 434573 435.249 3 1 B.168 279,841 286069
f4 L 0.675 434573 435.249 f4 1 0.165 279,841 280.000
g { gg;z ;;: . 31? ;;é . ng 5 1 B.168 270,841 288089
& {  Bex St 313'553 6 1 0.168 249,222 249.39)

adldl LaLh, ol fl 1 0.168 205,143 205.310
8 1 D.ETS  288.241  I8R.016 18 1 5.168 188,134 189302

Fig 53. Power synthesis report for Carry select adder using 45nm

E. Using 90nm Technology

Fast.lib Slow.lib
2 : T i i 5 - 4.18-
Generated by: Encounter(R) RTL Compiler RC1A.10 - v1d4.10-pBgs 1 conerared by: T A e b ewis Shping &
Generated on: Apr 14 2817 B1:57:01 pm Vodule: . carryselect o
;‘I\’)dﬁle]:- Library: ?‘"?se]‘eu Technology Llibrary: slow
FLANL O BEATATY: Ah - Operating conditions: slow (balanced tree)
Operating conditions:  fast (balanced_tree) Wireload mode: enclosed =
Wireload mode: enclosed Ares modes Ellﬁlnﬁ library
Area mode: timing library :

Leakage Dynamic Total
Instance Cells Power(nW) Power{nW} PowarinW})

Leakage Dynamic Total
Instance Cells Power{nW) Power(nW} Power(nW)

7
135.794 913,454 1049.248 t8

124,388 626.296 750.676

carryselect @ 1074.038 711,988 10766.926 FogEleet  § 90278 ROLEL e
1 1 135,794 876,063 1613.857 5 I i bEli Teae
2 1135790 1044228 1180.02 4 i i e e
f 1 135.794 1233263 1369.063 3 B iy
7 1 135.790 1233.269 1360.063 e 1 Tiae ue ik
T3 1 135.794 1233.269 1360863 6 1 84,476  720.694 805 171
5 1135794 1114525 1258319 1

1
k 1

Fig 54. Power synthesis report for Carry select adder using 90nm
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F. Using 180nm Technology:

Fast.lib: Slow.lib:

Generated by: Encounter(R) RTL Compiler RC14.18 - v14.10-p008_1 Generated by: Encounter(R] RTL Compiler RC14.10 - v14.18-po@8_1

Geperated on; Apr 14 2617 B1:58:39 pm Generated on: Apr 14 2817 ©1:51:13 pm

Module: carryselect Module: carryselect

Technology library: tsmcld 1.8 Technology library: tsmclf 1.8

Operating conditions:  fast (balanced tree} Operating conditions: slow (balanced_tree)

Wireload mode: enclosed Wirelpad mode: enclosed

Area mode: timing library Area mode: timing library

Leakage Dynemic Total Leakage Dynamic Total

Instance Cells Power(nW] Power{nW) Powsr{nW| Instance Cells Power{nW) Power{nW) Power{nW)
carryselect & 26.782 79122.225 79143.007 carryselect 8 31.054 47913 803 47944 838

1 1 2.599 B130.999 8133.598 fl 1 3.917 4913.171 4917.089

i 1 2.599 B469,050 8471.649 T2 1 3.917 5093.847 5006964

3 1 2.599 10687.116 10689.715 2 1 3,017 6342.824 6346741

4 1 2.599 10610.727 18613.326 4 1 3,917 6344737 6348.654

5 1, 2.599 19617.816 18614 615 5 1 3.017 ©345.525 6340 442

T 1 2.509 10476.806 10479.405 o 1 3,917 6259.363 6263,280

7 1 2.59% B927.534 8930.133 i 1 3.917 5359.963 5363880

fa 1 2.589 £383.393 6385.982 8 1 3,632 4089.492 4993,124

Fig 55. Power synthesis report for Carry select adder using 180nm

40



6.2.1.3 DELAY AND TIMING SYNTHESIS RESULTS:

Same as in case of power synthesis, here we are using here we are using fast.lib and slow.lib at

supply voltage = 1.8 V for 180nm technology, supply voltage = 1.1 V for 90nm technology and

supply voltage = 1.3 V for 45nm technology. As to these supply voltages the results for fast.lib

and slow.lib are shown below:

D. Using 45nm Technology

Fast.lib Slow.lib
T T T e P LT | T T I o e Y e T T e o Y T T ET ST R
tarerated by Encounter{R} ATL Compiler RC14.10 - w14, 10.poca 1 Generated by Encounter{f) RTL Compiler RCI4.18 - vid 10-pB8B 1
Gererated on Apr 14 2017 01:38 46 pm o fenerated on: Apr 14 2017 01.4%:41 pm
Hadiile: carryselect Hodule: carryselect
Technology Library apduidiuc Technalogy Library: grdkiBdtbc
Oparating conditions fast [(balanced tree) Operating conditions alow (balanced tree)
Wireload mode: enckosed ) Wif#load mode: #ncloved
Area mode; timing library Area mode timing Library

Fim Type Fanout Load Slew Delay Arrival #in Type Fanout Load Slew Delay Arrival
{TF) (ps) (ps}  ipsl (F} [ps) (psd  ipsd
alt] i part 1 27 8 ] BF a[0] im port P as e +B LA
f1/a 178
057/a # 1} 5T/A +0 L}
937400 ADDFEL 1 1.8 39 +&3 63 F QET/C0 ADDFXL 1 LA 91 +199 190
flicarry flicarry
f2/ein f2fcin
a7/l Ll 63 ge7/La +0 10
gl ADDFEL 1 2.8 39 +47 131 F giT/C0  ADOFXL 1 1.8 @0 +213 a7 R
:i;curry f2 fearry
cin f3/¢in
Pl il £al gl +B ai:
Hmﬁu ADDFXL 1 20 19«7 198 F g51/00  ADOFKL I LB 88 «213 635 R
¥ fifearry
f4/cin 4
sl 0 a8 ;gi?u 8 6
957400 ADDFEL L e 10 &2 WxF g57/00  ADOFHL 1 LE 8«23 BI7 N
'::-" E:;W 14/ carry
i
g574c1 w265 f":ﬁ:c ] & B
B, e WOk I Wk ALE g57/C0  ADDFIL 118 9 «283 16508
m.ruhl-If Picarry
gs7/cl I "5';;#::“ I —
wﬂ::':" ADDFxL 138 1 &7 v g§1/C0  ABDFXL 1 1.8 98 «281  1M1R
{7cin ¥ fé/ carry
is7/el W o ”:'.Ejﬂl.r:tt 0 126
5
Fo et g Lk MW W gS7/60  ADDFXL 118 9 a0 147 R
f8/cin ti/carry
gsscl I U Tuctn
g57/5  ADDFAL 1o 14 Bl SER gane o
8 sem 057/5  ADDFEL 1 8.0 40 «68  1743 F
sun|{?) out port ] 4R R 18/ s
N B R e e el e B A B AT Ca S s ais sum|7] gut port # a1 F
Timing slack . UNCONSTRAINED
Etartepoint : alf] Timing slack ; UNCOMSTRAINED
End -paint : wm[7] Start-point ali]
End-paint sum[T]

Fig 56. Timing Synthesis Report for Carry select adder using 45nm
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E. Using 90nm Technology

Fast.lib Slow.lib
L L “-ew LLLL LR LA L L L]
Generated by Encounterift) ATL Compiler ACLE.10 - v14.10-p088_1 Generated by Encounter(R) RTL Compiler ACL4. 10 - v14.10.p088 )
Generated on: Apr 14 2017 QL:57:04 pm henefated dn: Apr 14 2007 01:49:4% pm
Madule: carryselact Madule: CATFYEELECT
Technology Library: fast Tachnology library: 1o
Oporating conditions:  fast (balanced_tree) Operating canditions:  slow [balanced_troe)
Wirelood mode: #nclosed Wirelond mode: entlosed
Area mode: timing Liprary Area mode: timing library
[ " - —— —
Fin Type Fanout Load Siew Delay Arrival " Type Fanout Load Slew Delay Arrival
(TF) Ips) (psd (ps) (fF} lps}l (psd  (ps)
in pert 1 66 0 bF [l in port 1 62 0 40 0F
f1ra
pid/E +f L] ghd/8 +0 L]
§63/C0  ADDFX1 1 5.1 28 «68 6B F g63/C0  ADDFXL 1 4.8 W6 +243 M3F
flicarry flicarey
f2/ein f2fein
g63/C1 0 68 631 +0 243
gE3/0  ADDFX] 1 51 18 18 138 F ghl/co  ADOFX1 1 4.9 56 «2%8 FENS
T2 fcarry f2/carey
1afein fifcan
FLETe | ] 138 géa/Cl o 43
gidio  ADDFXL 1 81 28 70 01 F ghd/L0  ADDFXL 1 4.9 B0 +2%8 T4d F
fifearry fifcarry
4/ fdfcin
g/l +0 207 g3/l + a3
6300 ADDFX1 1 5.1 28 T8 atF gh3fco  AGDFN]L 1 4.8 56 4250 993 F
fa/carry Ta/carry
5/¢cin 15 c1n
pe3fcl B m §63sCL + ¥l
PE3SC0  ADDFXL 1 5.1 328 «7@ M6 F geIsCn  ADDFXL 1 4.8 96 «250 141 F
fi/carry %/ carry
fé/cin &l ewn
063sCT ) e CLEI% ol 1243
ge3fCo  ADDFXL 1 5.1 28 +7 416 F gb3/C0  ADDFXL 1 49 96 «2%0 1403 F
TE/ carry th/carry
f1/fein e
yei/C1 @ a4l gearel W 149
abd/C0  ABDFXL 151 28 N 45 F 963700 ABDFXL 1 4.8 96 #2350 1041 F
f1iearry 11/ carry
f8/cin fascin
gh3fCl il 485 g3l ) 17431
963/5  ADDFXL 1 0.0 11 +B4 569 R p63/5  ADDFXL 1 0.0 50 «314  PBST R
18/ sum T8/ 5w
sunf7] out port + S8 R sun(7] out port W 25T R
Timing slack : UNCOKSTRAINED Timing slach :  UNCONSTRATNED
Start-point : af@] Start-point : afl]
End-paint + smf7] End -paint : osum[T]

Fig 57. Timing Synthesis Report for Carry select adder using 90nm
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F. Using 180nm Technology:

Fast.lib
[ L1} Ll L L] LLa L L)
Gooarated by: Encownter{f} ATL Compiler RC14.18 - w14 10-p30E_1
Gemarated om; Apr 14 3017 01:58:39 pm
Madule: carryselect
Technology Library: temcls 1.8
Operating conditions: fast [balanced tres)
Wireload sade: enclaged
Area wade: timing library
O S A ————
Fim Type Fanout Load Shew Delay Arrival
(fF) (psd Qes]  ips]
28] in part 1 7.6 8 BF
flle
63/B 0 ]
Ye3/00  ADDFXZ 1 B3 69 701 0L F
flicarry
f2/ein
163401 il Fiill
geI/C0  ADDFX2 1 65 89 134 335 F
13/ carry
13fein
g53/C1 i 335
ghds00  ADDFX2 1 &% @9 +114 469 F
Il earry
f4/ein
LRI [t ] 469
63700 ADDFXZ 1 65 69 +13d4 63 F
fdfcarry
S fcim
gh3/l ] 63
QE3/C0  ADDFAZ 1 6.5 69 134 7T F
S carry
fhfein
63/l +8 a7
gidsCo  ADDFXZ 1 6.5 68 «134 BR2 F
fhfcarry
f1fein
gE/C] +0 an
gi3/C0  ADOFXZ 1 6.5 689 134 1006 F
f1/earry
T8 can
ab3/CT 1004
LR ADDFXEL I .0 34 138 1133 A
T8/ 5um
sum[7] oat port +0 1133 A
Timing slack | LUNCDMSTRAINED
Start.point : all)
End-point  sum|7]

Fig 58. Timing Synthesis Report

Slow.lib

Germrated by: EncounteriR) ATL Compiler RCL4. 18 - w14, 10-pdos_1

Gemefated ol Apr 14 2617 81:%1:1% pm

Wadule: carryselect

Technology Uibrary: tsmcls 1.8

Dperating conditions: slow [Balanced tres)

Wireload mode: anclosed

Ares wode: timing library
P ——

Fin Type Fanout Lood Siew Delay Arrivel

(1F) fps) (ps)  ps)
afb] in part 1 6.8 o o0 BF
flis

gb1/B #0 (]
g63/C0  ADDFXI 1 6.2 143 «406 e F
flicarry
Thicin

[LETIY o 496
pé3/00  ADDFXZ 1 8.3 143 348 Bd4 F
12/ carry
T3/c1n

PLEN S 0 E44
ghl/00  ADDFX2 1 6.2 143 «348 1192 F
T/ carry
Taican

ph3fCt 0 1192
g63/00  ADDFX2 1 62 143 348 1540 F
T/ carry

Sfcin

63 =l 1540
ge3/C0  ADDFX2 1 &F 141 «348 1888 F
fS/carry

Téleln

ge3sCI o 188
gh3fCo ADDFXZ 1 8.7 143 «348 1T F
fefcarry

Triein

PLEN +ll 13
gb3/C0  ADDFX2 1 6.7 L4} «348  JI5BS F
fiicarry

fajcin

a6l Rl 2585
g63/5  ADDFIL 1 oo T3 292 2876 R
T8/ 5em

sumf?] out port i} TR R
Timimg slach :  UNCONSTRAINED
Start-point @ &[d)

End-paint BET k3]

for Carry select adder using 180nm
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6.2.2.1 CARRY SKIP ADDER:

It has been implemented in Xilinx and Ncsim using gate level modeling for verification we have

taken the results and verified with industry standard cadence tools.

Fig 59. Output waveform of Carry Skip Adder

— a(7:0) sum(7:0) ——
— b(7:0)
—— ¢in carry ———

Fig 60. Carry skip adder
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E|‘||H||
w.

Fig 61. RTL view of carry skip adder

[B————
° \\ carl
a e

AND2

—— Data(0) Result —— [sum>

—{ Data(1)

Fig 62. RTL view of half adder

Data(0 [ E—
[ Data(1)—#———C|

ANDZB1 ORZ

ANDZB1

Fig 63. RTL view of XOR gate
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6.2.2.2 POWER SYNTHESIS RESULT:

For the synthesis, here we are using fast.lib and slow.lib at supply voltage = 1.8 V for 180nm
technology, supply voltage = 1.1 V for 90nm technology and supply voltage = 1.3 V for 45nm

technology. As to these supply voltages the results for fast.lib and slow.lib are shown below:

D. Using 45nm Technology

Fast.lib: Slow.lib:
Generated by Encounter{R) RTL Compiler RC14.10 - v14.10-pg08 1 Generated by: Encounter{R) RTL Compiler RC14.18 - v14,10-pong_1
Generated on: Apr 14 2_’0].? ©2:07:51 pm Generated on: Apr 14 2017 062:18:53 pm
Module: ) carryskip Module: carryskip
Technolagy library: gpdkB4SwE Technology library: gpdkB4Sbe
Operating conditions:  fast {balanced_tree) Operating conditions: slow (balanced tree)
Wireload mode: enclosed Wireload mode: enclosed N
Area mode: timing library Area mode: timing library

Leakage Dynamic Total Leakage  Dynamic Total

Instance Cells Power{nW) Poweri{nW} Power(nW) Instance Cells Power{nW) Power|nW} Power|nW)

carryskip 21 13,318 B263.194 8276.512 carryskip 28 3.451 3401.66d4 3495.115
f1 i 0.719 443 557 444277 fl I 5.271 265.180 265.451
18 1 ©.719  498.480  499.260 fl1 1 B.271  265.180  265.451
f11 1 ©.719  458.085 458 864 13 1 8.271  232.033 232.304
f12 T 8.719 543,806 544.526 T3 1 B.271 234.167 234 438
f13 1 0.719 400,824 401.544 4 1 6.271 265.180  265.451
f14 15 9.719 499,925 500.644 T 1 6,271 265.180 265,451
2 1 0,719 498,443 499,162 fa 1 B.271 265.180 265.451
f3 L. 8.719 3097 646 398 366 Tl5 1 B.181 160.068 161.149
4 1 0.719 499,916  500.636 Tl 1 8,181 181.152 181.334
5 1 8.710  454.453  455.172 18 1 8.126 125.773  125.8099
fé 1 0.719  543.796 544516 L2 L B.126 137.207 137.333
7 1 0.719 454,453 455.172 fl4 1 6,126 127.592 127.717
T8 I @.719 498 480  499.260 2 1 B.126 125.773  125.599
9 1 6.719 454,453  455.172 f4 1 B.126 127.587 127.713
15 1 0.566 285.037 286.563 6 T 6,126 137.207 137.333
16 1 0.566 336.429 336.995 8 1 B.126 125.773  135.800

Fig 64. Power synthesis report for Carry skip adder using 45nm
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E. Using 90nm Technology

Fast.lib Slow.lib

Generated by: Encounter(R) RTL Compiler RC14.10 - v14,10-pBo8 1 Generated by: Encounter(R) RTL Compiler RC14.16 - vi4,10-p8@8 1
Generated on: Apr 14 2017 @2:14:50 pm Generated on: Apr 14 2617 02:14:58 pm
Module: carryskip Module: carryskip
Technology library: Tast Technology library: fast
Operating conditions: fast (balanced_tree) Operating conditions: fast (balanced_tree)
Wireload mode: enclosed Wireload mode: enclosed
Area mode: timing library Area mode: timing library
Leakage  Dynamic Total Leakage  Dynamic Total
Instance Cells Power(nW) Power(nW) Power{nW) Instance Cells Power{nW) Power{nW) Power{nW)
carryskip 21 2226,393 B306.285 10532.678 carryskip 21 2226,393 8306.285 10532.678
fi5 1 156.633 411.548 568.173 fis 1 156.633 411.548  568.173
fle 1 156.633 471.426 628.059 Tl 1 156.633 471.426  628.859
fl 1 128,734 493,323 622.057 f1 1 128,734 493,323 622.057
fll 1 128.734 493.323 622.857 fl1 1 128.734 493 323 622.857
fi3 1 128.734 429.548 558.282 i3 1 128.734 429,548 558.282
13 1 128,734 429,548  558.282 T3 1 128,734 429.548  558.282
f5 1 128.734 496.912 619.646 5 1 128.734 490.912 610,646
f7 1 128.734 488.502 6I7.236 7 1 128.734  488.502 617.236
19 1 128,734 490,912 619.646 19 1 128,734 490.912 619.646
fle 1 127.375 3906.686 517.461 flo 1 127 .375 396.0886 517.461
fi2 1 127.375 425.696 553.671 fi2 1 127 .375 425,696  553.871
f14 1 127,375 396,415 517.790 14 1 127.375 390,415 517.790
f2 1 127.375 396.222 517.597 2 1 127 .375 396.222 517.597
4 1 127.375 398.415 517.79¢ T4 1 127.375 398.415 517.798¢
T 1 127.375 425,549 552,924 6 1 127.375 425,540 552,924
fa 1 127.375 389.951 517.326 fa 1 127 .375 389.951 517.326

Fig 65. Power synthesis report for Carry skip adder using 90nm

F. Using 180nm Technology:

Fast.lib: Slow.lib:
Generated by: Encounter(R) RTL Compiler RC14.18 - v14.16-p008_1 Generated by: Encounter(R) RTL Compiler RC14.10 - v14.10-p088_1
Generated on: dpr 14 2017 ©2:21:18 pm Geperated on: Apr 14 2617 02:16:38 pm
Module: carryskip Module: carryskip
Technology library: slow Technology library: tsmcld 1.9
Operating conditions: slow {balanced tree) Operating conditions:  fast (balanced tree)
Wireload mode: enclosed Wireload mode: enclosed
Area mode: timing library Area mode: timing library
Leakage Dynamic Total Leakage  Dynamic Total
Instance Cells Power{nW) Power{nW) Power(nW) Instance Cells Power{nW)] Power(nW) Power{nW)
carryskip 21 1241.085 6228.682 T460.767 carryskip 21 20,534 41879.132 41899.666
115 1 86,962 201.0318 37R.000 fl 1 1.277 1987.978 1989.246
16 1 86,062 322,386 400,348 10 1 1.277 2391.313 2302.590
1 1 72.543 336,746 480,789 f11 1 1.277 1979_654 1980.930
110 1 72.543  345.724 418266 fi2 1 1.277 2449.316 2450.593
f11 1 72,543  335.072 407.615 f13 1 1.277 1710.786 1712.863
f12 1 72,543 377,118 449,661 i L 1277 2225436 2226.713
13 1 72.543 204,653  367.196 f2 1 1,277 2229.371 2230.647
14 1 72.543  346.475 419.018 T3 1 1.277 1761.525 1762.801
& 4 1 1.277 2282.201 2283.478
f L Jian ouin s6hom s 1 L7 dmien 20223
fa 1 72.543  346.411 418.954 1] 1 1.277 2455.858 2457.126
7 1 1.277 1980.003 1981.280
E ]]: Egﬁ g?gﬁé :E;gé’g i} 1 1.277 2243.596 2244886
17 1 72,543 335,872  447.515 9 1 1,277 1996.254 1997.530
18 1 72543 345.601 415,234 f15 1 1.223 2349.876 2351.699
f 1 72543 336745 4990 289 f16 1 1,223 2836.898 2638120

Fig 66. Power synthesis report for Carry skip adder using 180nm
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6.2.2.3 DELAY AND TIMING SYNTHESIS RESULTS:

Same as in case of power synthesis, here we are using here we are using fast.lib and slow.lib at
supply voltage = 1.8 V for 180nm technology, supply voltage = 1.1 V for 90nm technology and
supply voltage = 1.3 V for 45nm technology. As to these supply voltages the results for fast.lib

and slow.lib are shown below:

B. Using 45nm Technology

Fast.lib Slow.lib

“Generated by: Encounter(R) ATL Compiler RC14.16 - v14.10-p008_L

Generated on; Apr 14 2017 082:67:5L pm Generated by: EncounteriR) RTL Compiler RC14.10 - v14,10-p00B_1

Module: carryskip Generated on! Apr 14 2017 02:18:53 pm
Technology library: gpdkdinc l*‘_lodul.e: carryskip

Operating conditions:  fast (balanced tree) Technology Llibrary: gpdkB45bc

Wireload mode: enclosed Operating conditions:  slow (balanced tree)

Area mode: timing library Wireload mode: enclosed

Arsa mode: timing library
Pin Type Fanout Load Slew Delay Arrival
(TF) (ps) (psl (ps} Pin Type Fanout Load Slew Delay Arrival

______________________________________________________ (fF) (ps) (psl  (ps)
b[2) in port L a7 o 40 8F |mzrmcmna i G e e e i
fa/b |b[4] in port 1 0.6 @ +0 [}

02/4 + 1} TQI!J

92/ KORZX4 2 24 23 +60 66 R g2/A +0 i}
3/ sum | a2/Y  XOR2X4 2 1.8 63 +200 200 R
g2/ 0 60 |79/ sum
92/¥ HANDAXL 1 8.6 48 +35 95 F |9167/A +0 200
q114/EN +0 95 |gLeT/Y  ANDAXL 1 0.6 74 +269 478 R
giLasy NANDABBX1 1 1.8 59 +38 152 F |g185/D +0 470
ol15/8N + 152 |gles/y  AND4XL 1 0.6 74 +241 711 R
qll5/Y NOR3BX4 1 9.6 18 +44 196 F lgled/C +0 711
[EXE) +8 196 |gled4/yY  OR3XL 1 6.8 18 +79 :J"JB R
03/ IRVEL 1 6.0 (] +§ 04 R jcarry out port +0 796 R
carry out port + 204 R
|Timing slack : UNCONSTRAINED
Timing slack : UNCONSTRAINED |start-point : bl4]
Start-point : b[2] |End-point ©ocarry

Fig 67. Timing Synthesis Report for Carry skip adder using 45nm
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C. Using 90nm Technology

Fast.lib Slow.lib

Generated by: Encounter{R} RTL Compiler RCI4.16 - v14.10-p@08_1

Generated on: Apr 14 2017 ©2:14:49 pm - Generated by Encounter{R) RTL Compiler RC14.16 - v14.10-p0@g 1

Module: carryskip Generated on: Apr 14 2817 ©2:21:18 pm
Technology library: fast Module: carryskip

Operating conditions: fast (balanced_tree} Technology Llibrary: slow

Wireload mode: enclosed Operating conditions:  slow (balanced_tree]

Area mode: timing library Wireload mode: enclosed

Area mode: timing library

Pin Type Fanout Load 5lew Delay Arrival
____________________________ LTF) tps) (ps) (ps) Pin Type Fanout Load Slew Delay Arrival
bI7] in port L 4o @ +0 o R e i ) ek
rarh bI1] 1n port 118 08 +B 0F

gl7/h +6 (] 13/b

gql7/5 ADDHXL 2 6.3 20 +61 61 F /
£15/5um gll/A +0 (]
f16/a gll/Y  CLKXORZH1 2 5.1 88 +211 211 R

q17/B +0 61 f3/sum

gl7/C0  ADDHXL 1 1.8 11 +28 98 F gqlEZ/A +B 211
fl6/carry glez2/v NANDAXL 1 1.7 159 +154 365 F
glo3/B +@ L] glonsaZ +0 365
gle3sy HORZAL 1L 1.8 23 +22 111 R qle0/Y OAI3LXL 1 9.6 102 +119 475 R
qloa/Ba +8 111 carry out port +0 475 R
glaasy OAI3LIXL L 8.8 14 +13 IAE: 00 s e s st e S e S
carry out part +8 124 F Timing slack : UNCONSTRAINED
leuumNSTRAINEn Start-point @ b[1]

iming slack : T .
Start-point : b[7] End-point S

Fig 68. Timing Synthesis Report for Carry skip adder using 90nm

D. Using 180nm Technology:

Fast.lib Slow.lib
Generated by: Encounter(R) RTL Compiler RC14.10 - v14,1B-pBBB_1 Generated by: Encounter(R} RTL Compiler RC14.18 - v14,10-p80B 1
Generated on: Apr 14 2017 02:16:38 pm Generated on: Apr 14 2017 02:22:40 pm
Module: carryskip Module: carryskip
Technolagy Library: tsmcld 1.6 Technology library: tsmclsd 1.8
Operating conditions: fast (balanced tree) Operating conditions slow (balanced_tree)
Wireload mode: enclosed Wireload mode; enclosed
Area mode: timing Ubrary Area mode: timing library
Pin Type Fanout Load Slew Delay Arrival Pin Type Fanout Load Slew Delay Arrival
(fF) (ps) (ps) (ps) (fF} (ps) (ps) (ps)
a[@] in port 1 2.2 i} + 8 F a[3] in port AT A X 1 +0 QR
f1/a i/fa
gll/B +0 ] gll/B +B '}
oll/Y  XORZXL 2 5.5 73 4158 158 R glL/Y  XOR2XL 2 5.6 154 4359 359 R
f1/sum T7/5um
glel/B +0 158 fé/fa
alelsy MANDIXL 1 3.7 86 +41 199 F gll/B +0 359
glea/Al +0 190 gll/¥  KORZXL 1 0.0 65 +342 702 R
gleasy OAT3LXL 1 8.8 108 +94 203 R T8/ sum
carry out port +0 293 R sum[3] out port +f 02 R
Tining slack : UNCONSTRAINED Timing sleck : UNCONsTRAmNED
Start-pmnt : alb] Start-point : a[3]
End-point i ocarry End-point ¢ osum[3]

Fig 69. Timing Synthesis Report for Carry skip adder using 180nm

49



6.2.3.1 CARRY SAVE ADDER:

It has been implemented in Xilinx and Ncsim using gate level modeling for verification we have
taken the results and verified with industry standard cadence tools.

Fig 70. Output waveform of carry save adder

— a(7:0) sum(7:0) ——
— b(7:0)
—— ¢in carry ———

Fig 71. Carry save adder
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Fig 73. RTL view of full adder
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Fig 74. RTL view of XOR Gate
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6.2.3.2 POWER SYNTHESIS RESULT:

For the synthesis, here we are using fast.lib and slow.lib at supply voltage = 1.8 V for 180nm
technology, supply voltage = 1.1 V for 90nm technology and supply voltage = 1.3 V for 45nm

technology. As to these supply voltages the results for fast.lib and slow.lib are shown below:

B. Using 45nm Technology

Fast.lib Slow.lib
. T T " iler RC14. - vl4.10- Generated by: Encounter(R) RTL Compiler RC14.18 - v14.16-pB@8 1

bl e ony ML poper RA1e “VIGIOPRL Conaratal on Apr 14 2017 12:57:47 pm

Module: carrysaveadder Hodule: . carrysaveadder

Technology library: apdkadSwe Technology Llibrary: apdkaashe

Operating conditions: fast (balanced tree) Operating conditions:  slow (balanced_tree)

Wireload mode: enclosed = Wireload mode: enclosed

Area mode: timing Ubrary Area mode: timing library

i Leakage  Dynamic Total
Leakage  Dynamic Total bt
Instance  Cells Power(nW) Power{nW} Power{mh) Tnstanca (elLsPsherrnrJthwertnw]Pawer[nw:l

637 5468,980 5472.017

carrysaveadder 16 11.436 8567.282 8578.772 carrysaveadder 16 3.

fl 1 1637 751.471 753.167 il L
DL G e s, 1 im omwm o
w1t o e B 1 g s o
i T S ek wn il GLns f12 1 0.188 320,701 320869
14 1 0.675 366,069 366,744 T 1 0168 '318.049, 3LL1LF
15 1 0675 420,961 471.636 14 L B.I60 236322 46.600
= I gen iTh e 15 1 0.168 273,910 274.678
f 1 8.675 511.342 512.018 f2 L iR A3R.089. 28]
4 1 .67 457.278 457.953 f3 L Bdpb 342.88L, 320,099

4 1 0.168 291.400 291.568
; Dot mn m ; Lt e
i I pmR e o 16 1 0.188 308.327 308.495
18 1 0.675 424.580 425255 i L e L) 2ilaps
° 3 pes HLAND S 8 1 0.188 271,330 271.498
28 T Ll R 16 1 0.158 156.582 156.748

Fig 75. Power synthesis report for Carry save adder using 45nm
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C. Using 90nm Technology

Fast.lib Slow.lib
Generated by Encounter{R) RTL Compiler AC14.18 - v14.10-pBA8 1 Generated by: Encounter{R) RTL Compiler RC14.19 - v14.18-p006_L
Generated g}:_ Apr 14 mi]) Bl:ﬁl:?; m pHEE. Generated on: Apr 14 2617 01:05:00 pm
Module: carrysaveadder Module: ) carrysaveadder
Technology library: fast Technology Library: slow
Dperating conditions: fast (balanced tree) Operating conditions:  slow (balanced tree}
Wireload mode: enclosed - Wireload mode: enclosed
Area mode: timing library Area mode: timing library

Leakage Dynamic  Total Leakage Dynamic  Total

Instance  Cells Power{nW) Power(nW) Power(nW) Instance  Cells Power(ni) Power{nW) Power(ni)

carrysaveadder 17 2128.555 18994.712 21123 267 carrysaveadder 17 1360.046 12419.960 13720,086

1 156,633  474.568  631.701 16 1 86,962 320,220 407.182

9 1 156,633 669.867 826,500 9 1 86.962 450,720 537.682
10 1 135.794 1399.529 1535.323 e 1 84.476 963.489 987.965
fll 1 135,704 1576.158 1711.052 fll L 84.476 1620.123 1104599
12 1 135.794 1397.519 1533.313 12 1 84.476 9062.830 987.307
13 1 135,794 1373.672 1509.466 f13 1 84,476 884,976 069,402
14 1 135,794 1630.847 1166.641 14 1 B4.476 BE5.231 749.797
15 1 135.794 1194.558 1330.352 5 1 84,476 772,457 856,973
2 1 135,794 1211.119 1346.013 2 1 B4.476 798.900 8B3.376
3 1 135,794 1224.481 1366.275 3 1 84.476 B809.021 803 497
4 1 135,794 1605.892 1231.586 f4 1 84,476 724,129 808,603
5 1 135.794 1632.173 1167.967 15 1 84476 662,192 766,668
6 1 135.794 1166.762 1296.556 f6 1 84,476 767,084 851,560
7 1 135,794 1605.802 1231.686 7 1 B4.476 724,129 608,605
8 1 135,794 1052.551 1188 345 8 1 84,476 695.376 780.932
fl 2 49,967 243.050 203 827 1 2 27,932 176,796 204.638

Fig 76. Power synthesis report for Carry save adder using 90nm

D. Using 180nm Technology:

Fast.lib: Slow.lib:
Generated by: Encounter{R) RTL Compiler RC14.10 - v14.10-p68 1 Generated by: Encounter{R} RTL Compiler RC14.19 - v14.10-p008 1
Generated on; Apr 14 2017 01:09:26 pm Generated on: Apr 14 26817 B1:12:52 pm
Module: carrysaveadder Module: carrysaveadder
Technology library: tsmcld 1.6 Technology library: tsmcld 1.0
Operating conditions:  fast (balanced tree) Operating conditions: slow (balanced_tree}
Wireload mode: enclosed Wireload mode: enclosed
Area mode: timing library Area mode: timing library

Leakage Dynamic Total Leakage Dynamic Total

Instance Cells Power(nW| Power(nW) Power(nW) Instance Cells Power(nW} Power(nW} Power(nW)

carrysaveadder 17 36.673 149037.400 149074.073 carrysaveadder 17 54.568 89611.553 89666.122

1 2.599 13432.997 13435.596 fie 1 3.917 7899.571 7963.488

fll 1 2.599 12716.867 12719.406 fll 1 3.917 7467.321 7471.238
f12 1 2.599 11847 209 11849 868 12 1 3.917 6932.670 6036.597
13 1 2.599 13449.846 13451.645 f13 1 3.917 7881.353 78685.270
14 1 2.599 0689.696  9692.295 f14 1 3.917 5685.410 S689.327
15 1 2.599 10014.757 10017.356 f15 1 3.917 5894.672 5B98.590
12 1 2,399 9031.852 9633.651 T2 1 3.917 5525.870 5529.788
3 1 2.599 0773.578 9782.177 3 1 3.917 5980.196 5984.114
4 1 2.599 B934.B6L  B8937T.460 T4 1 3.917 5462.482 5466.399
5 1 2.599 BBA3.281  B8A5.BAO 15 1 3.917 5416.023 5419.940
6 2 2.599 9708.112 9710.711 6 1 3.917 5933.723 5937.640
17 1 2.599 B934.772 B93T.371 17 1 3.917 5462.496 5466.413
18 1 2.599 BBOB.157 B8862.756 f8 1 3.917 5372.267 5376.184
16 1 1.223  2698.744 2699, 966 f16 1 1.424 1651.285 1652 629
19 1 1.223  3571.218 3572.441 fa 1 1.424 2147.961 2149.385
fl 2 0.446 1088.2806 1888.727 f1 2 .795 T732.090 732 .BBS

Fig 77. Power synthesis report for Carry save adder using 180nm
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6.2.3.3 DELAY AND TIMING SYNTHESIS RESULTS:

Same as in case of power synthesis, here we are using here we are using fast.lib and slow.lib at
supply voltage = 1.8 V for 180nm technology, supply voltage = 1.1 V for 90nm technology and
supply voltage = 1.3 V for 45nm technology. As to these supply voltages the results for fast.lib

and slow.lib are shown below:
B. Using 45nm Technology

Fast.lib Slow.lib

LLERRRR o LIRS ILLL R R R I ERRE I e Rt ILER Rill]L] B e e e
Game FaTold By Encounter(®) RTL Compilor RELE, L0 - wld, 10.pids ] Generated by Encownter(R} RTL Compiler RCL4. 10 - vi4, 10-pBo8 1
Getwrated o8 Apr T4 2017 12:4874d pe Generated on Apr 14 3017 12:57:47 pm
Module: :.f.{]lhﬁ'}dﬂpr Moduale: Carrysaveadder
Technology Library apdk by Technalogy Library Gpeki4She
Gperating conditions fast [balanced_tree) Operating conditioms: slow [balanced_tree)
Wireload made #nelavad Wirelosd sode enclosnd
Area sode timing Libraey Area mede timing LiBrary
Pin Trpe Fassuy Load Slew Delay Areival Pin Type Fanout Load Slow Deley Arrival

{TFh (gs) dpsd  dpal [TF] [ps] dps) fpsl

Bfi] im port 1 2% @ #i [ BlL] in port 1 1.3 ] 0 bF

e /b
0T = i Q318 0 a
LR ADDFEL 1 17 1 8 iR gils ADBFEL 1 1.8 78 «276 ITA R

fais 1/

ik m'n
Lrrd) ] +0 5] e afl ITE
gad/00  ABDHX] 1 2.0 ¥ «dl [ A /oo ADDHN] 1 1.8 55 138 414 R

PO it LT

LALTET flira
patil #ll 128 T o 414
gatidd  ADDIEL 1 28 37«80 1o B 3T/C0 ADDFXL 1 1.8 B& «201 Gl5 R

flofemut f10/ cout

fll/fa fll/a
nl 8 (i Q7T Ll al%
AHDE  ADBIL 1 386 37 i Frt i | g¥7al0 ADDFEL 1 1.8 B 211 A2 R

L ot Fllfeoat

e fl27a
Hrl ] m gt =0 LF
T AN 1 L8 1 «# s m gsT/00 AGDFEL 1 1.8 B <211 1037 R

L3 vt 12/ coni

/e fli/a
W B EE PEEELE =@ 1837
oiTAlE  ADOFNL 1 28 5 el 1M & RE7/C0 ADDFXL 1 1.8 BE& <211 1248 R

LEEEECE fll/cout

LT fldsa
vl " i ] gaTicE @ 1248
wpno ki PLe a1 el W m QS0 ADDFXL 1 LB 86 201 1464 R

Fldieam rla/fcout

fivia 11578
i i 441 ayvil sl 1464
Finie AR 1 e 1 o« SMA gi7/0  ADDFKL I 1.5 78 <207 1667 R

Fidscaan 115/ cout

LH T fli/a
i i g/ 1667
fN L 1L &d 1 .8 we giis  ADDMXL 1 88 29 #1870

LI TE] f16/s

w7 oul port "’ b samf?] Gt part (] 124 F

Timing slach UNCORSTRAINED Timing slack UNCONSTRAINED

Sfart .paint [ 151 Srare -polnt blL]

o2 paint vm[f] End -point sem| 7]

Fig 78. Timing Synthesis Report for Carry save adder using 45nm
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C. Using 90nm Technology

Fast.lib Slow.lib
Generated by Encounter(R) ATL Compiler ACIA.19 « vid.10.p00R_1 Ganarated by: EncoonteriR) RTL Compiler RC14.10 - v14.10-p088_1
Gemirated an; kpr 14 2017 01:01:57 pm Generated on: hpr 14 2017 61:05:00 pm
Hedule: carrysaveadder Hodule: carrysaveadder
Technology tibrary: fast Technology library: slow
Operating conditions:  fast (balamced true) Operating conditions:  slow {balanced_tree)
Wiralead mod enclosed - Wireload mode: onclosed
Area pode: timing Library Area node; taming Library
Pin Type Fanout Load 5lew Delay Arrival Fin Type Fanout Load Slew Delay Arrival
(TF} (ps) {ms)  dps) LIF) ps) (ps]  (ps)
afl] in port 1 .8 1] 1] )] a[l] in port 1 6.2 o +@ [N ]
f2/a 12/a
{63/R i 1} 06378 +0 ]
[ LEREY AODFEL 1 47 268 51 9l F 063s5 ADDFEL 1 4.4 195 +363 363 F
fiis 12/
i 9./b
gra/m +ih [ g2/ W@ 363
92200 ADDMXL 151 1 1 e F Q230 ADDHXL 1L &% 7o +128 90 F
19/ cout 19/ cout
fll/a Tld/a
LR ol 128 g63/C1 +ll 430
g63/c0  ADDEXL 1 5.1 11 «+8 195 F g63/C0  ADDFXL 1 4.9 956 +244 135 F
118/ cout f18/ cout
fllfa f1l/a
[LATe o 195 g63/c1 + 135
0B3/C0  ADDFXL L 51 1«80 5 F g63/C0  ADDFX1 1 4.9 8 250 0% F
11/ cout f11/cout
f13/a t12/a
gB3/CL W 268 g83/cl W s
gb3/C0  ADDFXL I 5.1 27 +69 ¥ gB3/00  ADDFXL 1 w9 86 2% 1235 F
13/ coat 112/ cout
fl3/a 13/a
GEI/CL + 334 g3/l w15
63fC0  ADDFXL L 5.1 27 69 dna F gh3/C0  ADDFAL 1 4.9 98 #2940 146% F
113/ cout 13/ cout
fli/a fld/a
gB3sCl +8 404 ghiscl W 1S
gE3/00  ADDFX1 1 5.1 11 +69 4 F QB3 0 ADDFXL 1 49 898 290 1734 F
fl4/cout T14/cout
f13/a flifa
gEISCl + LLE! ghi/Cl W 14
gi3sC0  ADDFXL 1 &1 17«9 542 F g63/C0  ADDFXL 1 d.d4 897 #2486 1980 F
1%/ cout f15/cout
t16/a flé/a
g2a/m T gaa W 1980
[ FFYE ADDHEL L 0.4 B #36 578 R gi/s ADDHEL 1 B8 30 +129 2189 R
11645 f16/s
sum[7] out port 0 578 R sum| 7] out part 8 e R
Timing slack | UNCONSTRAIHED Timing slack : UNCONSTRAINED
Start-point © afl] Start.poant © afl]
End-patnt & sun|7] End-point  : sum|7]

Fig 79. Timing Synthesis Report for Carry save adder using 90nm

55



D. Using 180nm Technology:

Fast.lib
Ganarated by Encoumter(R] ATL Compiler ACLA. U0 - w14, 18-pd@d_L
enarated on: Apr 14 2047 0L:09:34 pm
Madulle: CaFFy saveddder
Teshnology Library: tamcll 1.0

Gparating cosditions

Wireload mode
Area mode

entlosed

timing Likrary

fast (balanced_troe]

Mn

a[l]
f2/a
§h1/B
PR

f3fs
b
el
P20
13/ cout
L]
e
ghlso
Pl esut
il
Fhlsel
§h1,/€0
FILfemit
Tl
PEN S
PN
P ot
]
/]
FB3/C0
113/ eout
Tidda

Timing

Start-point

Esad-poini

Type

ADDHEL

MDFC]

ADpFxy

ADDFXT

AMIDFXE

ODFRZ

AOD¥ER

ADDHEL

i alll
sumf|

Famout Load Slew Delay Arrival
ITE) {psl

170

1 61

1]

+

{psl

o

M
s F

Eb
M5 F

]
SHF

5H
TaF

m
BT F

[T
W F

Slow.lib

LT
fwnorated by Emcounter{R} ATL Compiler RCR4. 10 - vid 19.pood_1
Conerated an: apr 14 2017 01:12:52 pm
WHaidile: CAFFySavieailder

Technology Library: tsmcl® 1.0
Operating conditioss: dlow {balanced_tres)

Wirelosd mode: sncloied

Area mode; timing library
D T T ———
Pim Tyne Fanout Load Slew Delay Arrival

(IF) (ps) (ps)  (ps)

1] in port 1 8,8 (1] # BR
12/a

ghasn + (]
ghd/s  ADDFX2 1 5.9 149 +854 W F
f2/s

fa/h

gaise " 454
gaaseo  ADDsExL 1 6.2 %9 +01 /i F
T/ cout

fitsa

giIfCl +f 155
gi3sC0  ADDFXR 1 6.1 145 +337 192 F
110/ cout

fll/a

ghasel LU
geIfto  ADDFXD 1 6.2 145 #3459  lddp £
Tll/cout

tiifa

gasel 1440
ghascd  ADDFEZ 1 6.3 15 3§ 119 F
flifcout

flifa

gasCl o 1789
Q83D RDDFRR 1 61 1485 240 JI7F
113/ cout

tlifa

q63sCl @ 7
gh3/L0  ADDFX2 1 6.3 145 <340 2486 F
rld/cout

tlifa

el L
ghIfED  ADDFX2 1 5.9 had <348 3833 F
Tl5/cout
flé/a

§22a o M
q2d/s  ADDHXL 1 0.0 143 173 3006 F
Tl6s
sun|?] out port +0 008 F

Timing slack :  UNCONSTRATMED
Start-point  : afl)
End-paint - sum[7]

Fig 80. Timing Synthesis Report for Carry save adder using 180nm
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6.2.4 PERFORMANCE EVALUATION:

Table 4. Comparison between the parameters of Carry Select adder, Carry Skip adder, Carry

Save adder.

Fast Adders ;IJ':ec(;mology Type Cells chc\{j)l Power ;I;)c;t)al Delay
45nm Fast 8 3781.515 548
Slow 8 10786.93 569
Carry Select 90nm Fast 8 79143.01 1133
Adder Slow 8 2414.802 1743
180nm Fast 8 6942.301 2057
Slow 8 47944 86 2876
45nm Fast 21 8276.512 204
Slow 21 10532.68 124
Carry Skip 90nm Fast 21 41899.67 293
Adder Slow 20 3495.115 790
180nm Fast 21 7469.767 475
Slow 21 26365.73 702
45nm Fast 16 8578.772 552
Slow 17 21123.27 578
Carry Save 90nm Fast 17 149074.1 1187
Adder Slow 16 5472.017 1824
180nm Fast 17 13720.01 2109
Slow 17 89666 3006
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Comparison of Total No. of Cells:

Fast

Slow

25

20

15

10

25

20

15

10

Chart Title

45nm 90nm 180nm

M carry select adder M carry skip adder M carry save adder

Fig 81. Comparison of Total No. of Cells Graph

Chart Title

45nm 90nm 180nm

M carry select adder M carry skip adder M carry save adder

Fig 82. Comparison of Total No. of Cells Graph
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Comparison of Total power consumption (in uW):

Fast

160000
140000
120000
100000
80000
60000
40000
20000
0

Slow

90000
80000
70000
60000
50000
40000
30000
20000
10000

0

Chart Title

149074.073

79143.01

9.666

3.267
6942.3469.7

3781%3}6.8528.772

45nm

90nm 180nm

M carry select adder M carry skip adder M carry save adder

Fig 83. Comparison of Total Power Consumption Graph

Chart Title

89666.122

47944.86

13720.006

10784.0332.68
017 54143695.1

45nm 90nm 180nm

M carry select adder ~ M carry skip adder M carry save adder

Fig 84. Comparison of Total Power Consumption Graph
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Comparison of Total Delay (in ps):

Fast:
Chart Title
2500
2000
1500
1000
548 552
0
45nm 90nm 180nm
M carry select adder M carry skip adder M carry save adder
Fig 85. Comparison of Total Delay Graph
Slow:
3500 -
2876 3006
3000 -
2500 - 2109
2000 - 1824 17,3 M carry select adder
M carry skip adder
1500 -
I carry save adder
1000 - 0 2
569
500 - ha
0 T
45nm 90nm 180nm
Fig 86. Comparison of Total Delay Graph
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CHAPTER 7 CONCLUSION AND FUTURE SCOPE

Carry Select adder, Carry Skip Adder and Carry Save Adder each one of 4-bit and 8-bit
has been implemented using Verilog in CADENCE. For simulation we have used Xilinx, NCsim
and for synthesis we have used RTL compiler v14.10 have been used. As a result, it has been
concluded that 4-bit and 8-bit Carry Select Adder gives the optimized result as compared to
Carry Skip Adder and Carry Save Adder in all the technologies 45nm, 90nm, 180nm. When
coming to the No. of cells Carry Select Adder uses less number of Cells when compared to Carry
Skip and Carry Save Adder. While coming to total power consumption Carry Select Adder
consumes less power compared to Carry Skip and Carry Save Adder. As per Delay parameter is

concerned Carry skip adder is efficient manner in case of 4-bit and 8-bit Adders.

Depending upon the parametric analysis these fast adders have utilized in Multiplier
Accumulator Unit (MAC) in DSP application.

In future, we compare with other Fast Adders and to will try to reduce the power

consumption and delay by reducing the components and getting the optimal result.
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