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ABSTRACT

The objective of this thesis is to explore various adder architectures using different logic 

design styles and transistor sizes for different operand sizes and to obtain the optimal 

adder designs in terms of speed and energy consumption per addition for each operand 

size. Results obtained have been analyzed from a theoretical point of view to gain an 

understanding of the contributions of architecture, logic design style, and transistor 

sizing to the performance of the adder, and degradation of performance caused by layout 

parasitics. A predictive model has accordingly been built to propose the most optimal 

adder design for a given performance. The work has been carried out in two parts. In the 

first part, simulation results were generated using five different architectures; each 

designed using four logic design styles for three different transistor sizes. A standard cell 

layout format was used in each case. The designs were simulated to generate the values 

of worst-case propagation delay and energy consumption per addition.

This information is then used for validating the delay and energy consumption per 

addition in the second part. The approach used for modeling the delay was based on the 

determination of ‘gates’ on the critical delay path, average fan-out per gate in critical 

delay path, time-constant of the technology, and parasitic degradation factor. The energy 

consumption per addition was modeled by taking product of energy consumed in driving 

one gate capacitance (Cg) load, average load capacitance per node in units of Cg in an 

adder design, glitch factor, average number of gate output transitions in a design, 

parasitic degradation factor, and the average weight-factor per gate for energy 

consumption due to switching of internal nodes of a gate.

The work concludes with the development of tools, which can be used to predict an 

optimum adder design for a given application based on the speed and energy 

consumption constraints of the application.
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CHAPTER 1

INTRODUCTION

Adders of various bit-widths are frequently required in very large-scale integrated 

circuits (VLSI) from processors to application specific integrated circuits (ASICs). 

Addition is one of the fundamental arithmetic operations. Adders are essential not only 

for addition, but also for subtraction, multiplication, and division. Even for programs that 

don’t do explicit arithmetic, addition must be performed to increment the program 

counter and to calculate addresses. Floating-point operations too eventually reduce to 

integer operations. Thus increasing the speed of integer operations will also lead to faster 

floating-point operations. As a result, the speed of microprocessors and computers 

heavily depends upon the speed of the adders. Adder logic is thus of obvious importance, 

and has received due attention from computer designers. The most important and widely 

accepted metrics for measuring the quality of adder designs in the past were propagation 

delay, and area. Efforts in the past were focused towards increasing the speed of 

computing systems. As a result high-speed computation has become an expected norm 

for the average user.

Minimizing area and delay has always been important, but reducing power 

consumption has gained importance more recently - both because of increasing levels of 

integration and the desire for portability. There is an increasing demand for portable 

applications requiring high throughput and vastly increased capabilities like notebook, 

laptop computers and personal communication services (PCS’s) without the need to be 

connected to a wired network. Though improvements in battery technology are being 

made, the progress there is slow as compared to the advances in electronic circuits and it 

is unlikely to provide a solution to the power problem [Powers 1995]. It has thus 

become imperative to develop integrated circuits and systems that use less energy - 

without greatly sacrificing computational throughput. The situation has been further 

aggravated by the fact that microprocessor on-chip clock rates have already crossed 1 

GHz mark, leading to a substantial increase in dynamic (switching) power consumption. 

Furthermore energy efficient circuits are also needed in high performance desktops, AC 

powered systems in which sinking large amount of heat through packages is becoming a 
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difficult problem. Thus designing a low-power processor is as important as designing a 

high performance one.

There are several degrees of freedom available in the design of low-power high- 

performance circuits (here adders) and systems. These are: process technology, circuit 

design style, architecture, and algorithm. [Chandrakasan et al. 1992, Bellouar et al. 1995, 

Sinencio et al. 1999] Complementary metal oxide semiconductor (CMOS) technology, 

the vehicle for VLSI, offers the combination of large noise margins, ruggedness of 

design, low power consumption, scalability of technology and validity of the logic 

design style at scaled down technologies. Within the CMOS technology, the designers 

have the freedom of choosing the architecture, the circuit design approach and the 

transistor sizes for implementing various arithmetic functions. Besides these, technology 

scaling including threshold voltage scaling, and supply voltage scaling constitute other 

techniques that can be used in low-power digital design.

Despite the simplicity of addition, there isn’t a single best way to perform high­

speed addition. [Hennessy et al. 1996] The adder architectures are available from the 

simple but slow ripple carry adder to the fairly complex but fest cany look-ahead adder. 

The performance of adders also depends upon the choice of logic design style and the 

transistor sizes used. Hence there exist numerous possibilities of making changes in the 

adder designs because of which many designs can be developed and the performance of 

every design will differ from other designs. Consequently, it is important to study, 

design, and simulate a range of CMOS adders of different bit-widths; each built using 

several different architectures, logic design styles and transistor sizes. Using this 

information, it should be possible to develop a model that can be used for selecting the 

optimal adder design for a given application.
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CHAPTER 2

A REVIEW OF HIGH-PERFORMANCE

LOW-POWER CMOS ADDER DESIGNS

Over the years an important aspect of arithmetic circuit design for most applications has 

been the minimization of their delay. In a classical ripple carry adder, the carry 

propagates in a time proportional to the bit-width of the adder. The advantage of this 

adder is its simplicity and its economical use of hardware. This, however, is obtained at 

the cost of an increased carry propagation delay. The sum and output carry for this adder 

are given by relations

Sj = 8,©^®^

C| = Pici.1+ai.b1

where p, = ® bj

As Cj is dependent on cm, it can be thought that the problem of adding two n-bit numbers 

should be intrinsically linear. But it is recognized that if both operands are equal 

(ai=bj=O; ai=bj=l), there is no need to know c^ to obtain Cj. Thus it is possible to build an 

adder whose average time of computation would be proportional to the average size of 

the longest chain of differing bits of operands a< and bi. Burks et al. [1946] have shown 

that this average size is upper bounded by logzn.

For instance, in the following example, all the blocks separated by slashes can be added 

in parallel:

1010|0001|1001001101|001|101

1101|0110|l 110110010|010|U0

From a practical point of view (particularly for use in synchronous systems) the adder 

must be based on the “worst-case delay”. [Lehman et al. 1960] Thus the worst-case time 

of addition must be minimized instead of the average time. Various solutions for 

speeding-up addition have been proposed to address this problem

Weinberger et al. [1956] in their simultaneous carry circuit (or carry look-ahead circuit) 

have taken advantage of the fact that the recursive form of the full carry-function may be 
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expressed in non-recursive form. This implies that output carry Cj need not depend 

explicitly upon lower order carry cm, but can be expressed as a function of only the 

relevant augend and addend bits - thus reducing carry-propagation delay.

The carry skip technique [Morgan et al. 1959] exploits the occurrences aj=bi. But large 

chains of consecutive bits *i’ may arise, such that a{ * b,. So, adder design is divided in 

blocks of ripple carry adders, where a special circuit associated with each block detects if 

all the bits to be added are different (p, = 1 in all the blocks). In this case the input carry 

(Cm) of the block directly bypasses it and is fed to the next block. This technique is 

further refined in many ways. Lehman et al. [1961] have addressed the issue of optimum 

size of equal groups, and the effect of unequal groups on the speed of addition. They 

have shown that for an adder of length (m+1) bits, which is to be divided into Jt-skip 

groups each of n-bits so that:

the time (7) required for worst-case carry propagation is

T = [1 + (n-1) + (*-2) + (n-1)]

Minimization of T with respect to n gives

lm + 1 
n =J-------

V 2

or 

k = 2n.

Thus, optimum integral values ofi, and n can be determined. It also has been shown that 

worst-case propagation time can be decreased further by reducing the size of the least 

significant group and increasing the sizes of succeeding groups by one stage for each 

group up to the middle group, and then decreasing in the same way so that the 

dependence of propagation time on the chain length is almost eliminated. It has been 

shown that such a design when applied to 60-bit adder gives a speed-up of 20 % without 

any increase in the amount of the hardware required. The adder has been analyzed 

assuming that the ratio (r) of the time needed by the carry to skip a block to the time 

needed by the carry to pass through a full-adder cell is 1. Barnes et al. [1985] have given 

a strategy for finding optimal sizes of blocks if the ratio (r) is an integer with 2 £ r £ 7. 

Guyot et al. [1987] have considered the general case of this ratio (r) to be any non-
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negative number. By reducing the task of minimizing time T to a geometric problem, 

they have developed an algorithm for two level variable carry skip adder designed using 

restoring logic to obtain the optimum sizing of the blocks. Majerski’s [1967] suggestions 

for a multilevel implementation of variable-size carry skip adders are for improvement in 

speed through focusing on reducing the number of skips. Chan et al. [1990] have used 

Manchester carry skip adder using dynamic logic and analyzed it using RC timing 

model. Based on it a polynomial algorithm has been developed to determine near optimal 

blocks for one level skip.

In the carry select adder proposed by Bedrij [1962], the addend and augend are divided 

into subaddend and subaugend sections that are added twice to produce two subsums. 

One addition is done with a carry bit forced to ‘ 1 "and the other addition is done with a 

carry bit forced to ‘0*. The selection of the correct subsum from each of the adder 

sections depends upon whether or not there actually is a carry into that adder section.

Sklansky’s conditional sum adder [1960 b] is based on determination of conditional 

sums and output-carries that can arise from all possible distributions of input carries for 

groups of addend and augend. By passing the appropriate information through a series 

of selecting switches, the true sum and true final carry-out are selected. Gosling [1971], 

and Sklansky [1960 a] have also given a review and evaluation of high-speed addition 

techniques.

With the advent of battery-operated applications like portable computing and personal 

communication systems, energy efficient circuits are needed because of the difficulty in 

providing adequate cooling to high-density chips and for increasing the battery lifetime 

[Chandrakasan et al. 1992, Bellouar 1995, Roy et al. 2000]. Hence, the designers need to 

estimate the delay as well as the average power dissipation accurately before the circuit 

goes to fabrication. Accurate timing analysis has been the subject of numerous 

investigations over the years. Auvergne et al. [1986] have defined delays tHL (tui) in 

enhancement-depletion MOS logic gate as the time spent by the output to fall (rise) from 

the static high level (static low level) to ‘AVdd respectively. For actual loading 

conditions, the time spent by the input to fall from Vm down to ‘AVdd or to rise from Vil 

up to ‘AVdd is added to it. The difference of currents of pull-up and pull-down averaged 

over the end points of the voltage transition is calculated to include the influence of the 

finite input slope on the output current using which tHL (tm) is evaluated. Auvergne et al.
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[ 1987] have generalized the above results to CMOS inverters and showed that delay time 

in unidirectional cells is composed of time spent by the input drive to cut off the PMOS 

or NMOS transistor and time corresponding to step response of the on transistor. 

Deschacht et al. [1988] have developed models for estimation of propagation delays of 

general CMOS structures (CMOS data paths) taking into account device size, process 

parameters, layout parasitics, and realistic output loading conditions. The approach used 

is to partition the data path and real delays are then obtained through temporal evaluation 

of unidirectional (driver-load gates) and bi-directional elements (transmission gates). 

The model is further improved upon including slow input ramp effects in delay 

evaluation. [Auvergne 1990] It is shown that for a fast ramp the delay increases with 

slew time of the ramp, and then decreases with very high values of the input slew. Lee et 

al. [1984] have analyzed the single stage CMOS gate delay for small (fall-time and rise­

time of the output voltages shorter than the rise-time and fall-time of the input voltage), 

medium (fall-time and rise-time of the output voltages nearly equal to the rise-time and 

fall-time of the input voltage) and large (fall-time and rise-time of the output voltages 

longer than the rise-time and fall-time of the input voltage) loading conditions. Based on 

the results, they have presented a minimum delay time algorithm that investigates the 

technology parameters and the load capacitance and calculates the minimum delay time 

and suggests the number of stages required in the critical path of any integrated circuit. 

Also, the channel widths of all transistors are calculated which yield the minimum 

silicon area for a required delay time. Hedenstiema et al. [1987] have developed a model 

based on analytical solution for the CMOS inverter output response to an input ramp. 

The model is improved by considering the propagation delay as a function of step­

response delay of the previous stage. Tsao et al. [1986] have presented timing model 

which uses a switch-level state predictor for determining the steady-state and then uses a 

forward Euler prediction method to predict the transient time between two adjacent 

voltage levels: Vss, ‘AVdd, and VDd- Hafed et al. [2001] have presented a technique to 

compute delay of a CMOS inverter driving R-C load. They have used the concept of 

determination of effective capacitance for estimating supply current and output voltage 

transitions while the charging/discharging capacitor is in saturation because, in this 

region, inverter behavior is insensitive to resistive component of the interconnect. The 

current and voltage transitions for linear mode operation of transistor are estimated by 

computing its effective resistance. The model has been shown to be accurate for 0.8pm, 

5v and 0.24pm, 2.5v CMOS technologies.
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There are three major sources of power dissipation in digital CMOS circuits: (1) 

switching component of power, (2) direct-path short-circuit current, and (3) leakage 

current. Veendrick [1984] has analyzed the short-circuit dissipation of CMOS inverter 

with and without load. He has shown that the short-circuit power dissipation is only a 

fraction (< 20%) of the total dissipation for equal rise and fall times of input and output 

signals. The dominant term in power dissipation is the switching component given by

Pdynamic"'/2cLvDD2fc/^

Low-power designs, thus, aim at minimizing the power consuming transitions 

(switching activity factor ‘if), power supply (Vdd)» and load capacitance (Cl). 

[Bellaouar et al. 1995] An accurate estimation of average power dissipation is required to 

estimate battery life [Chandrakasan et al.2000], while the peak power dissipation has a 

bearing on the circuit reliability and the proper design of power and ground lines. 

[Chowdhury et al. 1990, Wu et al. 2001, Evmorfopoulos et al. 2002] Since, the largest 

component of power dissipation is due to the signal transitions at circuit nodes, an 

accurate estimation of switching activity at the internal circuit nodes is required. [Najm 

1994] The simplest approach is to use circuit simulation technique for a large number of 

input patterns and determine the current waveforms from the supply voltage. [Roy et al. 

2000] Average power is then calculated by determining the average current from the 

power supply. Another method is the use of pattern independent probabilistic techniques 

for estimating switching activity. In these techniques, the input signal distribution is 

determined in terms of some probability values. Then an analysis tool is used to 

determine the average power dissipation based on input signal distributions. Najm [1993] 

has proposed the propagation of transition density (average switching rate) to avoid 

simulation for large number of input patterns. An algorithm, based on the stochastic 

model of logical signals, has been given to propagate transition densities of the primary 

inputs to the internal nodes and the output nodes. Ghosh et al. [1992] have included the 

impact of gate delays on switching activity. A general delay model is used for computing 

the Boolean conditions that cause glitching in the circuit. Then the probability of each 

gate switching at any particular time is computed from input switching rates. Then the 

sum of these probabilities over all the gates gives the switching activity in the entire 

circuit over all the time points in a clock cycle. Burch et al. [1993] have used a statistical
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technique, Monte-Carlo approach, for power estimation. It requires monitoring the total 

power directly during the random simulation. This is continued until a value of power is 

obtained with a desired accuracy. This technique requires less time than that required to 

compute individual gate powers.

For portable applications, low power adder circuits along with sufficiently high 

performance are needed. Callaway et al. [1993, 2000] have investigated the worst-case 

delay and average power dissipation of adders and multipliers. They have analyzed the 

worst-case delay and average number of gate-output transitions per addition for 16-bit 

adders designed in fully static logic from three sources: (1) from gate level simulation, 

(2) detailed circuit simulation, and (3) actual measurement from a test chip. The circuits 

are subjected to 10,000 pseudo-random inputs. Based on unit-delay, unit-power gate 

model, average number of gate output transitions is obtained. Results show that number 

of transitions for each adder, except the conditional sum adder, increase linearly with the 

word size and that the power dissipation is normally distributed. These results are than 

compared with circuit simulation results and actually measured results. It is found that 

the simple unit gate delay model is inaccurate for carry-look ahead and conditional sum 

adders due to either large fan-in or large fan out gates in the worst-case path. Similarly, 

the distribution in time of the average power dissipation is found to be quite similar to 

those from the unit power model though it underestimates the power dissipation for 

adders with large fan-in and fan-out. Hence, unit-delay unit-power gate model can be 

used to generate only a first estimate of the power dissipation and worst-case delay of 

adders.

Nagendra et al. [1994] have compared the power-delay product of 32-bit ripple carry, 

blocked carry look ahead (BCLA), and signed digit adders (SDA). Results show that 

SDA with large bases consumes less power due to saving in the logic as fewer sign bits 

and corrections have to be handled. At the same time, the delay of the adder increases by 

a large factor due to longer ripple cany chains. Thus power-delay product increases with 

the base of SDA, when digit addition is done using ripple carry adder. A transistor-sizing 

methodology is also presented using which the speed benefits can be derived without 

increasing the power dissipation by a large factor. The transistor-sizing algorithm aims at 

optimizing the individual modules separately and then connecting them by hand for a 

compact layout. Apart from these detailed studies, efforts have also been made to
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optimize a particular adder architecture- like the work of Hwang et al. [1989], Abu- 

Khater et al. [1994], and Lim et al. [1999].

Besides considering different adder architectures, another approach is to employ 

different CMOS circuit design styles [Chandrakasan et al. 1992] to design eneigy 

efficient, high performance adder architectures for a given architecture. Chu et al. [1987] 

have compared differential cascode voltage switch logic (DCVS) and fully static CMOS 

logic using the full-adder circuit as a test vehicle. Fully static CMOS logic has been 

found to be superior to DCVS in regards to power dissipation and inferior in regards to 

input capacitance and transistor count. The speeds of the two technologies have been 

found to be similar. Ko et al. [1995 (a)] have compared different circuit techniques by 

implementing a 32-bit carry look-ahead adder in different circuit design styles. Results 

show that static styles are more energy efficient. Among the static circuit styles- fully 

static CMOS, complementary pass transistor logic (CPL), and dual pass transistor logic 

(DPL); DPL adder has been found to be more energy efficient than the other two at the 

cost of increased worst-case delay and silicon area. They have shown that with the use of 

low power design techniques, the DPL logic is most suited for energy efficient, high 

performance adder designs. Also with simultaneous scaling of power supply and 

threshold voltage, energy efficiency has been found to improve significantly.

The work of Ko et al. [1995 (b)] analyzed the effect of the input slew on the short- circuit 

power dissipation in conjunction with the variations in the output load. Based on the 

results, a low power design technique for non-speed critical net in the circuit has been 

suggested which involves judicious selection of gate strengths by considering input slew 

and output load conditions. Zimmermann et al. [1997] have compared fully static CMOS 

logic with CPL for a range of simple and complex logic gates. The results show that for 

all logic gates except full adder folly static CMOS performs much better than CPL and 

other pass transistor logic styles for low-power applications.

Also, efforts have been made to optimize 1 -bit foil adder cell. Zhuang et al [1992] have 

presented simple CMOS foil adder circuit using the transmission function theory. Wang 

et al. [1994] have proposed better implementations of the exclusive-OR and exclusive - 

NOR functions for adder circuits. The proposed designs have non-complementaiy inputs 

and are shown to have good signal level outputs and driving capability. Shams et al.
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[2002] have developed a library of full adder cells. An extensive performance analysis of 

these 1 -bit foil adder cells has been presented to help the designers in making a choice. 

Fahim et al. [2002] have recently proposed a new dynamic differential logic ‘swing­

limited logic* for low-power high performance applications. An 8-bit ripple cany adder 

designed using swing-limited logic has shown a small power delay product compared to 

other logic styles.
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CHAPTER 3

ADDER ARCHITECTURES

There are different kinds of adder architectures available for conventional number 

systems. Some of these which are frequently used in designs [Hennesy et al. 1996], and 

are analyzed in the present work, are

• Ripple Cany Adder

• Carry Skip Adder

• Carry Select Adder

• Conditional Sum Adder

• Carry Look-ahead adder

3.1 RIPPLE CARRY ADDER

This adder is implemented by cascading n l-bit full adders as shown in Fig. 3.1. In this 

adder, the carry ripples through the n-stages of the adder. The sum of n* bits of the 

operands cannot be computed until the carry cn.i is evaluated. Hence, the cany 

propagation path contributes to the worst-case delay.

For each i* full adder block, the sum ‘sf and carry-out ‘c/ are evaluated using equations

Sj = af ® bj ® cw "’S* 1

c4 = a j .bj + (aj + bj ).Cj_! 2

where a, and bj are the i* bits of the operands to be added and cm is the carry input.

The ripple carry adder is the slowest adder, but also the cheapest as it is built with only n 

simple cells, connected in a simple regular way.

3.2 CARRY SKIP ADDER

A carry skip adder is midway between a ripple cany adder and a cany look-ahead adder, 

both in terms of speed and cost. This adder improves the performance of a ripple carry 

adder by using a special speedup cany chain (skip chain). This adder has a good
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topological regularity (due to ripple carry adder part), modest area increase (over the 

ripple carry adder), good modularity, and design simplicity.

The implementation of a 16-bit carry skip adder is shown in Fig. 3.2. A 4-bit carry skip 

adder, which is a 4-bit ripple carry adder with a carry skip path, is the basic block of this 

design.

At the start of the operation, carries begin rippling simultaneously through each block. If 

any block generates a carry, the carry-out of the block will be true, even though the 

carry-in to the block may not be ready yet. Once the carry out c3 of the first block is 

generated, not only it goes to the second block directly, it is also fed to the third block 

through the AND gate of the skip path. The c3 is allowed to pass through the skip path if 

the group propagate signal (p47) from the second block is true.

The p47.and ppropagate signal of the second block are generated using equation

P47 = P4-P5'P6*P7 ...3.3

Pproptpae — ^3'P47 ...3.4

^7 — Ppropsgjte ^”^7n ...3.5

For each i* full adder in the 4-bit block, the sum ‘sf and carry-out ‘cf signals are 

evaluated using equations

pi=aj®bi -3.6

s, =a, ® b, © Ci., -3.7

c, =a,.bj +(ai ©b^.Cj., .-3.8

The critical path in the 16-bit cany skip adder starts with a carry generated at the 0th 

position, which then ripples through the first block, skips second and third blocks and is 

used by the fourth block to generate its last sum signal S15.

(co) (ci) (c2) -► (c3) -► (c7) -* (Cj j)—> (si2) -* (S13) -* (sh) -► s(is)

The speed of the carry skip adder can be improved by making interior blocks larger.
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3.3 CARRY SELECT ADDER

A carry select adder is a modification of the ripple carry adder to improve its speed. 

Because of ripple carry adder part, it has a regular and simple layout. Fig. 3.3 shows the 

implementation of a 16-bit carry select adder with a 4-bit carry select adder as the basic 

block The first stage is a 4-bit ripple carry adder to save silicon area because input carry 

is known. A 4-bit carry select adder consists of two 4-bit ripple carry adder blocks. It 

works on the principle of two additions in parallel: one block assuming the carry-in is *0* 

and the other assuming the carry-in is ‘T. The real carry-in is computed from the 

previous block and is used to select one of the two sum outputs. This implementation 

though, regular and easy to layout, has a larger area as compared to ripple carry adder. 

For 4-bit ripple carry adder block in the second stage with carry-in "0* or ‘ 1\ the sum 

signals ‘s,0’, s,1 and cany-out signals ‘c®, Cjl signals are evaluated using equations (3.6), 

(3.7), and (3.8).

The correct sum for the i* bits of the operands in second stage is selected through a 

multiplexer using the input cany ‘Cm’ to the 4-bit block (or carry-out of the previous 

block) as the select signal using equation

Sj =s!.cin+s?.ci, ...3.9

Since Cm drives as many multiplexers as bits in an adder block, its large fan-out can have 

an effect on speed.

The correct carry-out ‘c7’ of the second stage is obtained as

a = c7).c3

C7=C70+a ...3.10

where ‘a’ is an intermediate signal in the carry select path.

Worst-case delay path for the 16-bit carry select adder corresponds to the case of carry 

being generated at the 0th position, rippling through the first 4-bit ripple carry adder 

block, skipping second and third 4-bit carry select block through cany select path, and 

being used by the fourth block to generate its carry-out ‘cjs*.

(co) (ci) (cz) -* (ca) (c?) (ci 1)—► (cis)

15



ai5 bis a
u b

M a
B b

l3 a
l2 b

l2
a

n b
lt a

w b
,0 a9 b9 a8 b8

a
7 ^7 a

6 ^6 a
j b$ a

4 b

0 
C

15

C
15

1
S

15 O
H

4-bit ripple carry 
adder

0
SI5

o 
S14

o 
SI3

s.;

0

0
C

I1

4-bit ripple carry 
adder

0 
S

11
0 

S10

V

0

0 
C

7

4-bit ripple carry 
adder

0

4-bit ripple 
addei carry

1 
C

ll
4-bit

1

ripple 
addei

S
.°

0 
S7

0 
s6

V

0 
S

,

carry
C

7*
4-bit ripple carry 

adder

1
S

I4
i

S
j3

1
S

I2
Sll

SW’
1 

S9
1 

S8
S7

S6
1 

s5
s

S
I5 

S
!4 

S
13 

S
>2

s
lc 

s9 
s8

s7 
s6 

s
5 

S,

Fig. 3
.3 

16-bit C
arry Select A

dder

aj bj a2 b
2 H

| b| B
q bg

4-bit ripple carry 
adder

H
l M

U
C

2 C
j 

C
o 

Sj 
s2 S| 

s0

16



3.4 CONDITIONAL SUM ADDER

The implementation of a 16-bit conditional sum adder is shown in Fig. 3.4 (a). A 4-bit 

conditional sum adder shown in Fig.3.4 (b) is the basic unit of this design. It uses two 

types of the cells:

i. the conditional cell

ii. the multiplexer.

For each bit of the adder, there is one conditional cell circuit. It computes two sums and 

two carries: s° and c° are calculated for a carry in of‘zero*, and s’ and c1 are calculated 

for a carry in of‘one*. These signals are constructed using equations

< =ai©bj ...3.11

s/ =a, ©b( ...3.12

c^apbj ...3.13

c/ =a| +b| ...3.14

To design an n-bit adder, blocks of constant width or variable width can be cascaded 

together. At the start of each operation, all conditional cells compute their respective 

double sums and double carries in parallel. The true sums and cany-outs of each block 

are then selected by the carry-out of the previous block. Hence the carry-out signal has 

large fen-out.

For the 16-bit implementation, the critical path starts with generation of carry-signals 
(co0, Co1) at the first conditional cell, which are used to select correct values of (ci°, ci ’) of 

next conditional cell and then selection of other carry signals in the following sequence.

(co0, Co1) -► (C1°, Cl1) -> (c2°, c2’) -* (C3°, c3’) -* (c3) -► (c7) (Cn)-* (Cis)

3.5 CARRY LOOK-AHEAD ADDER

* Carry look-ahead adder avoids the linear growth of carry delay by generating carries in 

parallel. Fig. 3.5 shows the tree structure of an 8-bit carry look-ahead adder. The adder 

performs addition in two parts. In the first part, propagate and generate signals are 

derived from operands applied to each of the 1 -bit adder blocks (A-cell) at the first level 

of the tree structure, for the i* 1 -bit adder, using equations

17
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...3.15

Pi =ai®bi ...3.16

These values are then used to find the group propagate and generate (poi and goi) values 

for a group of two successive A-cells at the second level of the tree (comprising of B- 

cells) using, for the first group, equations

go^gi+Prgo -S*7

Poi “ Po-Pl —3*

poi and goi contain the information regarding the propagation through or generation of 

cany in the group comprised of the first and second A-cells.

The values of (goi. poi) and (gi3, P23) are then used by another B-cell at the third level to 

find the values of group generate and propagate functions (go3. P03) for the group of four 

successive A-cells. Similarly, values of go? and po? are found by combining (go3, (pos) and 

(g47, P47) at the fourth level of the tree structure.

In the second part, the input carry to the first A-cell, ‘co’, is fed to B-cell at the bottom of 

the tree structure. B-cells, at the fourth, third level, and second level generate ci, cj, and 

C4 signals simultaneously with co as one of the inputs using equations

Ci =go+Poco ...3.19

Cj = goi + Poi-Co

c4 = So3 + Po3-Co •••$• 21

Similarly, carries C6, cj and C3 are generated at the same time using a similar logic. Carry 

C7 is obtained using c$, gg, and p6 as the inputs.

An extra logic is used to compute the cany-out ‘eg’ of the 8-bit adder using equation

c8 = g7 + P7c7 -3-22

The sum signals are generated by individual A-Cell from operands aj, bj and $ (not cm 

for this adder as co is the input cany to the adder) and their complements using equations

p. =8^,- ...3.23

s^p^Cj ...3.24
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Since the carries are generated in parallel, the maximum delay occurs in generation of 

eg The critical path for an 8-bit carry look-ahead adder starts with the generation of 

signals (go, po, gi, pi, g2> P2, g3, Pa) in A-cells simultaneously and ends at determination of 

Cg in the following sequence.

(go, Po), (gl, pi) (goi, poi), (g23, P23) (g03, P03) -► C4 -> C6 C7 -* Cg

Same structure can be extended to implement a larger sized carry look-ahead adder, 

like 16-bit, 32-bit, and 64-bit
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CHAPTER 4

DIFFERENT CMOS LOGIC DESIGN STYLES

The CMOS technology has the advantage of low power consumption, and large noise 

margins. [Shoji 1988] Besides considering different adder architectures, one can also use 

different CMOS logic styles to design energy efficient, high performance adder circuits for a 

given architecture. There are a number of options available in the choice of basic circuit 

approach and topology for implementing various logic functions. [Glasser 1985] For the 

present study, four different logic design styles have been used for designing the adders, 

based on available information in the literature regarding their suitability for high speed and 

for low power logic circuit design.

• Conventional fully static CMOS logic

• Domino CMOS logic

• Complementary pass-transistor logic

• Dual pass transistor logic

4.1 CONVENTIONAL FULLY STATIC CMOS LOGIC

Conventional fully static CMOS logic is a common CMOS logic design style choice since it 

involves ruggedness of design, large noise margins, low power consumption, and validity of 

logic design style at scaled down technologies. [Weste et aL 1993, Kang et ah 1999, Martin 

2000] A basic circuit is shown in Fig.4.1. Two logic blocks, N and P, form a CMOS gate. 

The topology of N block is the dual of that of the P block. The two blocks have equal 

number of transistors. This style gives negligible DC power dissipation, as there is no direct 

path between power supply and ground for any of the logic input combinations. The channel 

widths of series connected n-channel MOS transistors (NMOS) or p-channel MOS 

transistors (PMOS) have to be increased to obtain a reasonable conducting current to drive 

capacitive toads. This results in a significant area overhead, as also an increased gate input 

capacitance, and therefore, high dynamic power dissipation.
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Fig. 4.1 Conventional fully static CMOS gate
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Furthermore, the high input capacitance also loads the previous stage, increasing its delay. 

In a static logic gate, the output, or, the internal nodes can spuriously switch before their 

correct logical value stabilizes due to finite propagation delay from one logic block / sub­

block to the next. Such transitions increase the dynamic power consumption of the circuit by 

adding unwanted switching activity in the circuits. Buffers must, therefore, be inserted to 

equalize the fest paths. Static CMOS gates also exhibit short-circuit currents. However, by 

sizing transistors for equal rise and fell times, the short-circuit power component can be 

minimized.

4.2 DOMINO CMOS LOGIC

A domino CMOS implementation is shown in Fig. 4.2. It consists of a dynamic CMOS 

circuit followed by static CMOS buffer. The dynamic circuit consists of a PMOS precharge 

transistor, an evaluation transistor, and N-Iogic block, which, in general, is a series-parallel 

combination of NMOS transistors activated by the inputs and implementing the required 

logic. [Weste et aL 1993, Kang et at 1999, Martin 2000] This circuit style uses a single 

clock phase elk. During the low phase of the clock, output of the buffer is precharged to 

ground. During the evaluation phase, the output node is either charged or stays discharged. 

The number of stages in a cascaded set of domino logic gates is limited by the duration of 

the evaluation clock phase.

In comparison to the conventional fully static CMOS logic, domino logic has a smaller input 

capacitance because of fewer (only NMOS) transistors in complex designs. It also has a 

comparatively improved fell time. However, the rise time is larger, since there is an 

additional series transistor (the evaluate transistor) in pull-down path. The domino gate 

suffers from the charge-sharing problem in which the parasitic capacitances at the internal 

nodes get coupled to the load capacitance. This can degrade the ‘high’ logic voltage at the 

input of the buffer and provoke the buffer to dissipate high static power.
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A weak PMOS transistor driven from the output of the inverting CMOS buffer can be used 

to remove this problem An alternative technique is the use of additional precharge PMOS 

transistors to precharge intermediate nodes of complex gates. Another limitation of the 

domino logic gate is that it requires a large clock distribution network to drive the clocked 

transistors. This highly loaded network consumes a significant amount of dynamic power. 

Also domino circuits implement only non-inverting logic functions.

The domino logic circuits can be mixed with conventional fully static CMOS circuits to 

optimize the overall performance. These gates do not experience short-circuit power 

dissipation and glitching problems as any node can undergo at most only one transition per 

clock cycle.

43 COMPLEMENTARY PASS TRANSISTOR LOGIC

Complementary pass transistor logic (CPL) belongs to the pass transistor logic family. It has 

the advantage of improving the speed of CMOS circuits. It is different from the conventional 

CMOS transmission gate logic, which uses the transmission gate as a primitive element. 

[Weste et at 1993, Kang et aL 1999, Martin 2000] The basic circuit idea of CPL is shown in 

Fig. 4.3. The circuit consists of NMOS pass transistor logic network driven by 

complementary inputs and producing complementary outputs driven by two CMOS 

inverters used as buffers. The NMOS pass-transistor logic network performs the pull-up and 

pull-down functions. The transistors in the network can be sized for fest operation. The 

transistors having larger sizes should be farther from the output.

CPL uses fewer transistors to implement logic functions - especially XOR. This particularly 

efficient implementation is important as it is widely used in arithmetic functions. However, a 

CPL circuit suffers from the threshold drop across the NMOS transistor, which results in 

reduced current drive and hence slower operation at reduced supply voltages. The buffers 

are used to obtain the full logic levels at the output. These also help in driving large 

capacitive loads efficiently. But, since the ‘high’ input voltage level at the regenerative 

inverters is not Vdd, the PMOS device in the inverter may not be fully turned off.
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This may leads to significant direct path static power dissipation if the threshold voltages of 

N and P devices are not designed appropriately. Alternatively, a PMOS latch driven by the 

complementary output signal can be used.

In comparison to the conventional fully static CMOS logic, this logic is fester and dissipates 

lesser power due to lower internal swings (excluding power dissipated by buffers). Also, the 

circuit schematic is typically structured and results in a simplified compact layout.

4.4 DUAL PASS TRANSISTOR LOGIC

The dual pass transistor logic (DPL) is a modified version of CPL. [Weste et al. 1993, Kang 

et at 1999, Martin 2000] The basic circuit idea of CPL is shown in Fig. 4.4. It alleviates the 

problems of noise margin and speed degradation at reduced 'high level’ associated with 

CPL. A DPL gate consists of NMOS and PMOS transistors in contrast to CPL gate, where 

only NMOS devices are used. The NMOS transistors pass the low level while PMOS 

transistors are used to pass the high level. The output of DPL gate is full rail-to-rail swing. 

Additional PMOS transistors result in increased input capacitance. For any input 

combination, there are always two current paths driving the output. This may compensates 

for any reduction in speed due to additional PMOS devices.
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CHAPTERS

CELL DESIGN FOR DIFFERENT ADDERS

There are many layout design methodologies to accomplish the physical design of a 

complex circuit. In the full-custom design methodology, the layout of each transistor is 

optimized. The layout of a complex chip using full-custom design is carried out for reasons of 

speed enhancement and area reduction. However, this style has low design productivity and a 

longer turn around time. But, in the case of low-power circuits, the full-custom design can be 

used to minimize the power of the circuit. In the standard-cell approach, layouts for different 

gates, latches, and flip-flops (cells) are created using a ‘standard’ layout format which 

imposes a standard height for all the cells, together with standard positions along the vertical 

edges of the cell at which supply and ground lines interface with it, and standard layers on 

which inputs and outputs of the cell are available along the horizontal edges of the cell. This 

approach, which is very popular for ASICs, provides a lower design cost and a higher 

productivity- at the expense of chip area, speed and power to different extents.

We have chosen the standard cell approach to create the designs of different adders. 

Standard cells of basic logic blocks are designed in fully static, domino CMOS, 

complementary pass transistor and dual pass transistor logic design styles. The technology 

used is a 1.2pm N-well CMOS technology. Also, three versions of each cell have been 

created for three different transistor sizes keeping channel length the same and varying only 

the channel widths. The adders circuits have been designed using Tanner Tools and the 

library of schematic symbols corresponding to the standard cells are generated using 

schematic editor S-Edit. The layouts have been generated using automatic placement and 

routing tool ‘SPR’ of Tanner Tool’s layout editor L-Edit. In the following sections, transistor 

level circuits that were used to implement different adders for different design styles are 

shown. There are repetitions of circuits since some cells were used in other architectures also. 

The standard cell layouts have been drawn only once at the end of this chapter under logic 

design styles categories. These cells are stored in a library and used by the designer of the 

chip
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5.1 CELL DESIGN FOR RIPPLE CARRY ADDER

The ripple carry adder topology is shown in Figure 3.1

Fully static CMOS logic

The standard cells (gates) used in the designs are -

FSXOR, FS CARRYOUT, INV.

The standard cell schematics and circuits used for implementing the sum and carry equations 

using above cells in fully static CMOS logic are shown in Fig. 5.1 (a), and 5.1(b).

Fig. 5.1. a Sum signal generation circuit and cell-schematic using fully static CMOS logic
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Fig. 5.1. b Carry signal generation circuit and cell-schematic using folly static CMOS logic
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Domino CMOS logic

The standard cells used in designs are-

DMXOR, DMXNOR, DMNAND, DMNOR, DMCARRYCOMP, INV

The cell schematics and circuits used for implementing sum and carry equations of ripple 

carry adder in domino CMOS logic are shown in Fig. 5.2 (a), and 5.2 (b).

Fig. 5.2. a Sum signal generation circuit and cell-schematic using domino CMOS logic
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Fig. 5.2. b Cany signal generation circuit and cell-schematic using domino CMOS logic
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Complementary pass transistor logic

The standard cells used in the designs are-

CPXOR/XNOR, CPAND/NAND, CPOR/NOR, INV

The cell schematics and circuits used for implementing the sum and carry equations 

using complementary pass-transistor logic are shown in Fig. 5.3 (a), and 5.3 (b).

Fig. 5.3. a Sum signal generation circuit and cell-schematic using complementary pass­
transistor logic
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Dual pass transistor logic

The standard cells used in the designs are*

DPXOR/XNOR, DPAND/NAND, DPOR/NOR, INV

The cell schematics and circuits used for implementing the sum and carry equations 

using dual pass transistor logic are shown in Fig. 5.4 (a), and 5.4 (b).

Fig. 5.4. a Sum signal generation circuit and cell*schematic using dual pass transistor 
logic
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5.2 CELL DESIGN FOR CARRY SKIP ADDER

The cany skip adder architecture is shown in Figure 3.3.

Fully static CMOS logic

The standard cells used in the designs are-

FSXOR, FSCARRYOUT, FSNAND4, FSNAND, FSNOR, INV.

The standard cell schematics and circuits used for implementing the sum and carry 

equations in fully static CMOS logic are the same as shown in Fig. 5.1 (a), and 5.1 (b). 

The schematics of cells FSNAND4, FSNAND, FSNOR which are used in the carry-skip 

path for propagating carry-input (Cm) to the 4-bit carry skip block are shown in Fig.5.5

Fig. 5.5. a Group propagate (p<?) signal generation circuit using folly static CMOS logic.

Fig. 5.5. b Carry propagation cells of carry-skip path using folly static CMOS logic.
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Domino CMOS logic

The standard cells used in the designs are-

DMXOR, DMNAND4, DMNAND, DMNOR, DMCARRYCOMP, INV.

The standard cell schematics and circuits used for implementing the sum and carry 

equations in domino CMOS logic are the same as shown in Fig. 5.2 (a), and 5.2 (b). The 

schematics of cells DMNAND4, DMNAND, DMNOR, which are used in the cany-skip

path for propagating carry input (Cm) are shown in Fig. 5.6 (a), and 5.6 (b).

Fig. 5.6. a Group propagate (p47> generation circuit using domino CMOS logic.

Fig. 5.6. b Carry propagation cells of carry-skip path using domino CMOS logic.
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Complementary pass transistor logic

The standard cells used in the designs are-

CPXOR/XNOR, CPAND4/NAND4, CPAND/NAND, CPOR/NOR, INV.

The standard cell schematics and circuits used for implementing the sum and carry 

equations in domino CMOS logic are the same as shown in Fig. 5.3 (a), and 5.3 (b). The 

schematics of cells CPAND4/NAND4, CPAND/NAND, CPOR/NOR, which are used in 

the carry-skip path for propagating carry-input (cin) are shown in Fig. 5.7 (a), and 5.7 (b).

D.

CPAND4/

NAND4

—1>°—— P47
F <

Pj

P6
P47

P7----------- |2°

Fig. 5.7. a Group propagate (P47) signal generation circuit using complementary pass 

transistor logic.
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Fig. 5.7. b Carry propagation cells of carry-skip path using complementary pass 
transistor logic.
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Dual pass transistor logic

The standard cells used in the designs are*

DPXOR/XNOR, DPAND4/NAND4, DPAND/NAND, DPOR/NOR, INV.

The standard cell schematics and circuits used for implementing the sum and carry 

equations in domino CMOS logic are the same as shown in Fig. 5.4 (a), and 5.4 (b). The 

schematics of cells DPAND4/NAND4, DPAND/NAND, DPOR/NOR, which are used in 

the carry-skip path for propagating carry-input (cin) are shown in Fig. 5.8 (a), and 5.8 (b).

Fig. 5.8. a Group propagate (P47) signal generation circuit using dual pass transistor 

logic.
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53 CELL DESIGN FOR CARRY SELECT ADDER

The cany select adder is shown in Fig. 3.4

Fully static CMOS logic

The standard cells used in the designs are-

FSXOR, FSCARRYOUT, FSNAND4, FSNOR, FSMUX, INV.

The standard cell schematics and circuits used for implementing the sum and carry 

equations in folly static CMOS logic are the same as shown in Fig. 5.1 (a), and 5.1 (b). 

The schematics of cells FSNAND, and FSNOR, which are used to select cany, are same 

as shown in Fig. 5.5 (b). The schematic of cell FSMUX used to select correct sum signal 

using ‘Cm’ (carry input to the 4-bit cany select block) as the select signal is shown in Fig. 

5.9.

Fig. 5.9 Sum signal selection circuit using folly static CMOS logic
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Domino CMOS Logic
The standard cells used in the designs are-

DMXOR, DMNAND4, DMNOR, DMMUX, DMCARRYCOMP, INV.

The standard cell schematics and circuits used for implementing the sum and cany equations 

in domino CMOS logic are the same as shown in Fig. 5.2 (a), and 5.2 (b). The schematics of 

cells DMNAND, and DMNOR, which are used to select carry, are same as shown in Fig. 5.6 

(b). The schematic of cell DMMUX used to select correct sum signal using Cin (carry input 

to the 4-bit block) as the select signal is shown in Fig. 5.10.

Fig. 5.10 Sum signal selection circuit using domino CMOS logic
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Complementary pass transistor logic

The standard cells used in the designs are-

CPXOR/XNOR, CPAND/NAND, CPOR/NOR, CPMUX, INV.

The standard cell schematics and circuits used for implementing the sum and carry 

equations in complementary pass transistor logic are the same as shown in Fig. 5.3 (a), 

and 5.3 (b). The schematics of cells CPAND/NAND, and CPOR/NOR, which are used to 

select cany, are the same as shown in Fig. 5.3 (b). The schematic of cell CPMUX used to 

select correct sum signal using Cm (carry input to the 4-bit block or carry-out of the 

previous block) as the select signal is shown in Fig. 5.11.

Fig. 5.11 Sum signal selection circuit using complementary pass transistor logic
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Dual pass transistor logic

The standard cells used in the designs are-

DPXOR/XNOR, DPAND/NAND, DPOR/NOR, DPMUX, INV.

The standard cell schematics and circuits used for implementing the sum and carry 

equations in dual pass transistor logic are the same as shown in Fig. 5.4 (a), and 5.4 (b). 

The schematics of cells DPAND/NAND, and DPOR/NOR, which are used to select 

carry, are the same as shown in Fig. 5.4 (b). The schematic of cell DPMUX used to 

select correct sum signal using ‘Cm’ (cany input to the 4-bit block or carry-out of the 

previous block) as the select signal is shown in Fig. 5.12.

Fig. 5.12 Sum signal selection circuit using dual pass transistor logic
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5.4 CELL DESIGN FOR CONDITIONAL SUM ADDER

The conditional sum adder is shown in Fig. 3.4.

Folly static CMOS Logic

The standard cells used in the designs are-

FSXNOR, FSXOR, FSNAND, FSNOR, FSMUX, INV.

The standard cell schematics and circuits used for generating sum and carry signals are 

given in Fig. 5.13 (a), 5.13 (b), 5.13 (c), 5.13 (d), and 5.13 (e).

Fig. 5.13. a Sum signal generation circuit with input carry ‘O’ using folly static CMOS 
logic.

Fig. 5.13. a Sum signal generation circuit with input carry ‘ 1 ’ using folly static CMOS 
logic.
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Fig. 5.13. c Cany signal generation circuit with input cany *0’ using fully static CMOS 
logic.

Fig. 5.13. d Cany signal generation circuit with input cany * 1 * using fully static CMOS 
logic.

Fig. 5-13- e Sum (and cany) signal selection circuit (multiplexer) using fully static 
CMOS logic
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Domino CMOS Logic

The standard cells used in the designs are-

DMXNOR, DMXOR, DMNAND, DMNOR, DMMUX, INV.

The standard cell schematics and circuits used for generating sum and carry signals are 

given in Fig. 5.14 (a), 5.14 (b), 5.14 (c), 5.14 (d), and 5.14 (e).

Fig. 5.14. a Sum signal generation circuit with input carry ‘0’ using domino CMOS logic.

Fig. 5.14- b Sum signal generation circuit with input carry ‘ 1 * using domino CMOS logic.
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Fig. 5.14. c Carry signal generation circuit with input carry ‘0’ using domino CMOS 
logic.

Fig. 5.14. d Cany signal generation circuit with input carry * 1 * using domino CMOS 
logic.

Fig. 5.14. e Sum (and cany) signal selection circuit (multiplexer) using domino CMOS 
logic
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Complementary pass transistor logic

The standard cells used in the designs are- 

CPCONDITIONAL-CELL, CPMUX, INV.

The standard cell schematics and circuits used for generating sum and carry signals are 
given in Fig. 5.15 (a), and 5.15 (b).

• connection

Fig. 5.15. a Conditional cell circuit for generation of conditional sum and carry signals 
using complementary pass transistor logic

Fig. 5.15. b Sum (and cany) signal selection circuit (multiplexer) using complementary 
pass transistor logic

Sil

------ s*
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Dual pass transistor logic

The standard cells used in the designs are-

DPCONDIT1ONAL-CELL, DPMUX, INV.

The standard cell schematics and circuits used for generating sum and carry signals are 
given in Fig. 5.16 (a), and 5.16 (b).

Fig. 5.16. a Sum (and cany) signal selection circuit (multiplexer) using complementary 
pass transistor logic
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• connection
Fig. 5.16. b Conditional cell circuit for generation of conditional sum and carry signals using dual pass transistor logic 
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5.5 CELL DESIGN FOR CARRY LOOK-AHEAD ADDER

The carry look-ahead adder architecture is shown in Fig. 3.5.

Fully static CMOS logic

The standard cells used in the designs are-

FSXNOR, FSNAND, FSPROP, FSGENCARRY.

The circuits for implementing propagate function ‘pi’ and sum signal ‘sf are the same as 

shown in Fig. 5.1 (a). The cell-schematic of ‘FSNAND’ used in implementing generate 

function is the same as shown in 5.5 (b). The circuits implementing A-cell, B-cell, group 

propagate, and group generate (and carry) functions are shown in Fig. 5.17 (a), 5.17 (b), 

5.17(c), 5.17(d).

Fig. 5.17. a Block diagram of A-cell and generate signal generation circuit using folly 
static CMOS logic
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Fig. 5.17 b Block diagram of B-cell

Fig. 5.17 c Group propagate signal generation circuit using fully static CMOS logic.

Fig. 5.17 d Group generate (and carry) signal generation circuit using fully static 
CMOS logic.
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Domino CMOS logic
The standard cells used in the designs are-

DMXOR, DMXNOR, DMNAND, DMPROP, DMGENCARRY, DMCARRYCOMP, 

INV.

The circuits for generating propagate ‘pf and sum ‘sf signals are the same as shown in 

Fig. 5.2 (a). The block diagrams of A-cell and B-cell in domino CMOS logic are shown 

in Fig. 5.18 (a), and 5.18 (b). The schematic of standard cell ‘DMNAND* used for 

implementing generate ‘gf functions is the same as shown in Fig.5.2 (b). The schematics 

of standard cell used for implementing group generate (and cany), cany complement, 

and group propagate are shown in Fig.5.18 (c), 5.18 (d), and 5.18 (e).

Fig. 5.18. a Block diagram of A-cell
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Fig. 5.18. b Block diagram of B-cell
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Fig. 5.18. c. Group generate (and carry) signal generation circuit using domino CMOS 
logic.

Fig. 5.18. d. Complement carry signal generation circuit using domino CMOS logic

Fig. 5.18. e. Group propagate signal generation circuit using domino CMOS logic
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Complementary pass transistor logic

The standard cells used in the designs are-

CPXOR/XNOR, CPAND/NAND, CPPROP, CPGENCARRY, INV.

The circuits for generating propagate ‘pi’ and sum ‘sf signals are the same as shown in 

Fig. 5.3 (a). The block diagrams of A-cell and B-cell in domino CMOS logic are shown 

in Fig. 5.19 (a), and 5.19 (b). The schematic of standard cell ‘CPAND/NAND’ used for 

implementing generate *gi* function is the same as shown in Fig.5.3 (b). The circuits for 

generating group propagate and group generate (and carry) signals are shown in Fig. 5.19 

(c), and 5.19 (d).

Fig. 5.19. a Block diagram of A-cell
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Fig. 5.19. b Block diagram of B-cell

Fig. 5.19. c Group propagate signal generation circuit using complementary pass 
transistor logic
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Fig. 5.19. d Cany (and group generate) signal generation circuit using complementary 
pass transistor logic
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Dual pass transistor logic

The standard cells used in the designs are-

DPXOR/XNOR, DPAND/NAND, DPPROP, DPGENCARRY, INV.

The circuits for generating propagate ‘pi’ and sum ‘s,* signals are the same as shown in 

Fig. 5.4 (a). The block diagrams of A-cell and B-cell in domino CMOS logic are shown 

in Fig. 5.20 (a), and 5.20 (b). The schematic of standard cell ‘DPAND/NAND* used for 

implementing generate ‘gi* function is the same as shown in Fig.5.4 (b). The circuits for 

generating group propagate, group generate (and carry) signals are shown in Fig. 5.20 

(c), and 5.20 (d).

Fig. 5.20. a Block diagram of A-cell
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Fig. 5.20. b Block diagram of B-cell

Fig. 5-20. c Group propagate signal generation circuit using dual pass transistor logic

P23 Poi Poi P23 P23

Zll-p”
Poi

Poi
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Pi So Pi go g0 Pi Pi go

Fig. 5.20. d Group generate signal generation circuit using complementary pass 
transistor logic

go
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5.6 STANDARD CELL LAYOUTS

Standard cell layouts of cells of different adders with transistor size w=l ,8gm, 7=1,2|j.m 

and designed in different logic design styles are shown in this section. Layouts of cells 

with widths w=3.6gm and can be obtained by increasing the width of active 

layer (green in colour).

FULLY STATIC CMOS LOGIC

1) Standard Cell FSNAND4
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2) Standard Cell FSXOR

3) Standard Cell FSXNOR
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4) Standard Cell FSNAND

5) Standard Cell FSNOR

70



6) Standard Cell FSCARRYGEN

7) Standard Cell INV
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8) Standard Cell FSCARRYOUT
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DOMINO CMOS LOGIC

9) Standard Cell DMXOR

10) Standard Cell DMXNOR
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11) Standard Cell DMNAND

12) Standard Cell DMNOR
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13) Standard Cell DMNAND4



15) Standard Cell DMCARRYCOMP



COMPLEMENTARY PASS TRANSISTOR LOGIC

16) Standard Cell CPXOR/XNOR.

17) Standard Cell CPAND/NAND



18) Standard Cell CPOR/NOR

19) Standard Cell CP AND4/NAND4



20) Standard Cell CPCONDITIONAL-CELL

21) Standard Cell CPMUX



22) Standard Cell CPGENCARRY



DUAL PASS TRANSISTOR LOGIC

23) Standard Ceil DPXOR/XNOR

24) Standard Cell DPAND/NAND



25) Standard Cell DPOR/NOR

26) Standard Cell DPAND4/NAND4



27) Standard Cell DPCONDITIONAL-CELL

28) Standard Ceil DPMUX



29) Standard Cell DPGENCARRY



CHAPTER 6

SIMULATION RESULTS OF DIFFERENT ADDERS

Different architectures used for designing adders have been discussed in chapter 3. Each 

adder architecture has been designed using four different logic design styles that have 

been discussed in chapter 4. Each design has been implemented with three-transistor 

sizes - (w/l) = 1.5, 3, and 5 to take into account the effect of increased (w/l) on the adder 

performance. The minimum size (w7)=1.5 corresponds to an area efficient 

implementation, the moderate size (w/7)=3 corresponds to a trade off between area and 

speed, and, still larger size (w7)=5 corresponds to the highest speed realizable - being 

least encumbered by the circuit parasitics. The standard cells used in the designs are 

described in chapter 5. The circuit extraction tool ‘EXTRACT* along with the 

appropriate technology file containing necessary information for extracting circuit 

parasitics was used to generate circuit netlists for simulation. Tanner’s SPICE tool ‘T- 

SPICE Pro* has been used for simulation to obtain the power consumption and 

propagation delay measures of the adder designs. The transistor parameters used are 

from the 1.2pm MOSIS fibrication run and are listed in Appendix Bl.

Transient simulations have been carried out using SPICE. Nominal values of device 

parameters, temperature of 27 degree Celsius, and level 2 model of MOSFET 

[Antognetti 1988] have been used. Transient simulations have been done with cany-in to 

the adder set to zero. Input pulses applied have rise and fill times of 1 nanosecond, pulse 

width of 150 nanoseconds, and pulse repetition of 200 nano-seconds. Propagation-delay 

has been measured from the input signal to the most delayed bit of the sum or carry 

output generated by the adder in the worst-case. Worst-case propagation delay has been 

measured directly from the waveforms as the time delay between the 50% transition 

pofot of the input voltage and the 50% transition of the most delayed output voltage.

Simulation tool ‘T-SPICE* can measure the power consumed by a circuit for a given set 

of inputs. The instantaneous power P(t) drawn from a voltage source at time t is given 

by the product of current through the source and the voltage drop across the source. T-
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SPICE computes the average power P over a time interval (tj, tj) by using the 

trapezoidal rule to evaluate the integral

P(t„t2)=—!—pV)«fc ...6.1

*1 *2 H

Average power dissipated by the input sources is also added to obtain total average 

power dissipatiornj^e have calculated the energy consumption per addition for the 

adders. Energy-consumption is calculated by taking the product of average power 

dissipation and length of simulation time. The numerical accuracy and discretization 

error in T-spice have been optimized through a number of user-adjustable parameters. 

The values set for the absolute error, absolute charge, relative charge, and relative error 

tolerances on the norm of change in voltage for simulations were 5 nanoamperes, 0.01 

picocoulombs, 0.001, and 0.0001 respectively.

Simulation results for worst-case propagation delay and energy consumption per addition 

for different adder designs with circuit parasitics are listed in tables T1 to T20 in 

Appendix B3. Results listed in Appendix B2 give the propagation delay values of 

different adder designs without including circuit parasitics for folly static CMOS logic 

design style. Appendix B6 lists the transistor count of different adders and the core area 

of different 64-bit adder designs. The simulation results showing the variation of worst­

case propagation delay with operand size and the variation of energy consumption with 

operand size (Figs. 6.1 to 6.5) are given in this chapter. A second order polynomial is 

fitted to the simulation results. The results show that worst-case propagation delay of 

adder designs increases with the increase in operand size for a constant transistor size. 

Also, it decreases with increase in transistor size for a given operand size. Energy 

consumption per addition increases with the increase in operand size and the transistor 

size.
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6.1 RESULTS OF RIPPLE CARRY ADDER

Ripple cany adder designs for five operand sizes - 4, 8, 16, 32, and 64-bit are 

simulated. Results are obtained for four logic design styles and three transistor sizes and 

are listed graphically in Figs. 6.1

Fig. 6.1 .a Propagation delay versus operand size for Ripple carry adder 
Fully static CMOS logic

Fig. 6.1.b Propagation delay versus operand size for Ripple cany adder 
Domino CMOS logic

87



D
tla
y 
(n
a)
 

O
al
ay
 (n
a)

Fig. 6.1 .c Propagation delay versus operand size for Ripple cany adder 
Complementary pass transistor logic

Fig. 6.1 .d Propagation delay versus operand size for Ripple carry adder 
Dual pass transistor logic
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Fig.6.1. e Energy consumption versus operand size for Ripple cany adder 
Fully static CMOS logic
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Fig. 6,1 .f Energy consumption versus operand size for Ripple carry adder 
Domino CMOS logic
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Fig. 6.1. g Energy consumption versus operand size for Ripple carry adder 
Complementary pass transistor logic

Fig. 6.1 .h Energy consumption versus operand size for Ripple cany adder 
Dual pass transistor logic
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6.2 RESULTS OF CARRY SKIP ADDER

The simulation results of carry skip adder designs are shown graphically in Figs. 6.2.

Fig. 6.2. a Propagation delay versus operand size of Carry skip adder 
Fully static CMOS logic

Fig. 6.2. b Piopagpdon delay versus operand size of Cany skip adder 
Domino CMOS logic
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Fig. 6.2. c Propagation delay versus operand size of Cany skip adder 
Complementary pass transistor logic

Fig. 6.2.d Propagation delay versus operand size of Carry skip adder 
Dual pass transistor logic
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Fig. 6.2. e Energy consumption versus operand size for Carry skip adder 
Fully static CMOS logic

Fig. 6.2. f Energy consumption versus operand size of Carry skip adder 
Domino CMOS logic
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Fig. 6.2. g Energy consumption versus operand size of Cany skip adder 
Complementary pass transistor logic

Fig. 6.2. h Energy consumption versus operand size ofCany skp adder 
Dual pass transistor logic
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63 RESULTS OF CARRY SELECT ADDER

The simulation results of carry select adder designs are shown in Figs. 63.

Fig. 63. a Propagation delay versus operand size for Carry select adder 
Fully static CMOS logic

Fig. 63. b Propagation delay versus operand size for Carry select adder 
Domino CMOS logic
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Fig. 6.3. c Propagation delay versus operand size for Carry select adder 
Complementary pass transistor logic

Fig. 6.3. d Propagation delay versus operand size for Carry select adder 
Dual pass transistor logic
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Fig. 6.3. e Energy consumption versus operand size for Cany select adder 
Fully static CMOS logic

120 -

Fig 6.3. f Energy consumption versus operand size for Cany select adder 
Domino CMOS logic

97



Fig. 6.3. g Energy consumption versus operand size for Carry select adder 
Complementary pass transistor logic

Fig. 6.3. h Energy consumption versus operand size for Carry select adder 
Dual pass transistor logic
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6.4 RESULTS OF CONDITIONAL SUM ADDER

The simulation results of conditional sum adder are shown in Figs. 6.4

Fig. 6.4. a Propagation delay versus operand size for Conditional sum adder 
Fully static CMOS logic

Fig. 6.4. b Propagation delay versus operand size of Conditional sum adder 
Domino CMOS logic
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Fig.6.4. c Propagation delay versus operand size for Conditional sum adder 
Complementary pass transistor logic

Operand size
Fig. 6.4. d Propagation delay versus operand size for Conditional sum adder 

Dual pass transistor logic
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Fig. 6.4. e Energy consumption versus operand size for Conditional sum adder 
Fully static CMOS logic

Fig. 6.4. f Energy consumption versus operand size for Conditional sum adder 
Domino CMOS logic
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Fig. 6.4. g Energy consumption versus operand size for Conditional sum adder 
Complementary pass transistor logic

Fig 6.4. h Energy consumption versus operand size for Conditional sum adder 
Dual pass transistor logic
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6.5 RESULTS OF CARRY LOOK-AHEAD ADDER

The simulation results of cany look-ahead adder designs are shown in Figs. 6.5.

Operand size
Fig. 6.5. a Propagation delay versus operand size tor Cany look-ahead adder 

Fully static CMOS logic

Fig. 6.5. b Propagation delay versus operand size for Cany look-ahead adder 
Domino CMOS logic

103



D
el
ay
 (n
*)
 

D
el
ay
 (n
s)

Fig. 6.5. c Propagation delay versus operand size for Carry look-ahead adder 
Complementary pass transistor logic

Fig. 6.5. d Propagation delay versus operand size for Cany look-ahead adder 
Dual pass transistor logic
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Fig. 6.5. e Energy consumption versus operand size for Carry look-ahead adder 
Fully static CMOS logic

Fig. 6.5. f Enetgy consumption versus operand size fer Cany look-ahead adder 
Domino CMOS logic
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Fig. 6.5. g Energy consumption versus operand size for Cany bok-ahead adder
Complementary pass transistor logic

Fig. 6.6. h Energy consumption versus operand size for Cany look-ahead adder 
Dual pass transistor logic
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CHAPTER 7

MODELING OF DIFFERENT ADDERS

The primary objective of our modeling efforts has been to develop a model that can 

estimate the worst-case propagation delay and average energy consumption per addition 

for each adder design. The results obtained from that model can be used for selecting an 

adder design that satisfies the area, energy consumption and throughput requirements.

The effect of circuit parasitics have been included in the model as they have a significant 

impact on the speed and energy consumption due to increased capacitive loading and R- 

C delay through the wires. Thus for modeling purposes, the parasitic degradation fector 

of each design due to circuit parasitics has been obtained using simulation data. The 

variation of parasitic degradation fector with operand size of an adder is then used to 

calculate the worst-case propagation delay of any adder with operand size between 4-bits 

to 64-bits in multiples of four as the basic unit is 4-bit adder block in each design.

7.1 MODELING OF WORST-CASE PROPAGATION DELAY (DELAY 

MODEL)

The modeling of worst-case propagation delay of each adder is done by taking the 

product of total number of gates in the critical delay path, time constant of the 

technology, average fen-out per gate in the critical delay path, and parasitic degradation 

fector.

Propagation delay = n x t x fx « ...7. 1

where n= number of gates in critical delay path

r = time constant of the technology 

f - average fen-out per gate in critical delay path 

a = parasitic degradation fector

The time constant of the technology (t) has been taken as the time delay in driving one 

gate capacitance (Cg) through the resistance of one transistor (Rnmos or Rpmos) without 
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including the circuit parasitics using SPICE. Here the value of (r) is taken as the average 

of (Rpnos x Cg) and (Romos x Cg). Table T21 lists the average fen-out per gate in the 

critical delay path obtained for different adder architectures. Table T22 lists the time 

constant of technofogy obtained for different transistor sizes.

ARCHITECTURES FOR DIFFERENT LOGIC DESIGN STYLES

TABLE T21: AVERAGE FAN-OUT PER GATE (f) IN CRITICAL DELAY PATH FOR DIFFERENT

Adder 
architecture

Average fen-out per gate (f)

Fully static CMOS Domino CMOS CPL DPL

Ripple carry 3.11 2.44 2.66 2.42
Carry skip 3.27 2.42 2.36 2.50
Carry select 4.00 3.21 2.66 2.63
Carry look-ahead 4.66 3.30 3.25 3.89
Conditional sum 5.82 2.77 3.11 5.20

TABLE T22: TIME CONSTANT (t) FOR DIFFERENT TRANSISTOR SIZES

MJ Time constant (r) in seconds x10'y

1.5 0.0885
3.0 0.0700
5.0 0.0600

Results show that the average fen-out per gate varies with the type of architecture and 

logic design style. The time constant (r) decreases with increase in transistor width. The 

parasitic degradation fector (a) is obtained by equating the propagation delay value 

obtained from simulation to the equation 7.1. The value of parasitic degradation fector 

obtained for each adder design is given in tables T30 to T49 listed in Appendix B4. 

Graphs showing variation of (a) with operand size for different adders are shown in Figs. 

7.1,12, 7.3, 7.4, and 7.5. A second order polynomial is fitted to the data.

Results show that the value of (a) increases with increase in operand size. This is 

fringe interconnection lengths and hence node capacitances in an adder design are 
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dependent on the shape of layout and the number of rows in the layout. Here, we have 

used the optimal area settings for generation of square core layouts in the layout editor 

with all inputs applied from the top and all outputs collected at the bottom of the layout. 

It has been observed from the extracted capacitance values for 4-bit and 16-bit ripple 

carry adders shown in Appendix A7 that the capacitances at similar circuit nodes are 

greater for 16-bit operand size. This is due to longer interconnection lengths as the wires 

have to be routed through many rows in standard cell based layouts for larger operand 

sizes for square layout settings. For most of the cases, the change in the value of (a) from 

4-bit to 64-bit operand size is small which further decreases as transistor size increases. 

Adder designs with minimum transistor size are most affected by circuit parasitics (value 

of (a) is higher) due to relatively higher contribution of parasitics. The value of (a) for an 

adder design decreases as transistor size increases because of the interconnection 

parasitics becoming less significant.

7J MODELING OF ENERGY CONSUMPTION PER ADDITION (ENERGY 

MODEL)

The dynamic power dissipation of a circuit depends primarily on the number of logic 

transitions per unit time. As a result, the average number of logic transitions per 

operation has been used as the basis for determining the power dissipation of adders. The 

average energy consumption per addition for an adder is then calculated as

Average energy consumption = £ * x a x Xx g xy ...7.2

where £ = energy consumption in driving one gate capacitance (Cg) through a transistor 

ri' = average number of gate output transitions in a design 

a - parasitic degradation factor
X = average load AapanTtanr-A at the output of a gate in units of Cg in an adder 

design 

g = glitch factor

T - average weight-factor per gate in an adder design for energy consumption due 

to switching of internal nodes of the gate

The average number of gate output transitions (n,) in a 4-bit adder design has been 

obtained by taking average of the number of gate output nodes switching for all the 
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different transitions from an input pattern to another input pattern. For 4-bit adders with 

two 4-bit operands and 1 carry input, the total number transitions are 29 * 29. Appendix 

A8 lists the programs used for calculating (n) for different 4-bit adders for folly static 

logic. Similar programs for other logic design styles have been used for estimating (ns). 

The value of (ns) cannot be obtained for other operand sizes because of computation 

limitations of the software used.

Energy consumption (E) in driving one gate capacitance (lCg load capacitance) through 

a transistor has been determined for different transistor sizes using SPICE without 

including circuit parasitics. The energy consumption has also been estimated for the case 

when high-level input is applied through a pass transistor to CMOS inverter driving one 

gate capacitance to account for the static power dissipation due to threshold voltage 

degradation. Appendix A9 shows the current flow through the CMOS inverter with a foil 

logic swing at the input and degraded high-level logic at the input. Table T23 lists the 

values of (E) in driving one gate capacitance through an inverter with foil high-level 

logic, and through an inverter with degraded high-level logic at the input. The value of 

energy consumption for degraded high-level logic (Edegraded) has been found to be high as 

static current flows continuously as long as input remains high. The energy consumption 

for adders designed using CPL design style has been estimated using (Edegraded) instead of 

(E) for one-fourth nodes of the total switching nodes and using (E) for three-fourth nodes 

of total switching nodes. The two values have been then added to calculate total energy 

consumption per addition.
Average load capacitance at the output of a gate (x) has been estimated for different 4-bit 

adder architectures from circuit schematic. Tables T24, and T25 give the values of (n»), 

and (x).

The glitch factor (g) has been included to account for the spurious transitions before 

nodes acquire stable logic values. For static logic, (g) is taken as 1.5 due to extra 

transitions made by the nodes of‘sum’ circuit. For domino CMOS logic, nodes can make 

only one transition at a time. So, value of (g) is taken as 1. The average weight-factor (T) 

accounts for the energy consumption due to switching of circuit nodes internal to the 

gate. The value of W has been estimated by taking average of weight-factors of different 

gates used in the design for a particular logic design style. The value of the weight-factor 

for an individual gate has been determined by taking the ratio of the energy consumed by 
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the gate to the energy (£) in driving one gate capacitance for same output conditions. 

Table T26 lists the average weight-factor (T) per gate for different logic design styles.

TRANSISTOR SIZES

ABLE T23: ENERGY CONSUMPTION (£) IN DRIVING 1 GATE CAPACITANCE FOR DIFFERENT

(w/7)

Energy consumption in driving one gate capacitance (Jx 10'u)

Through a CMOS inverter with foil 
high-level logic at the input 

(E)

Through a CMOS inverter with degra 
-ded high-level logic at the input 

(Edegraded)

1.5 1.40 32.18

3.0 3.06 65.40

5.0 4.99 109.29

TABLE T24: AVERAGE NUMBER OF GATE OUPUT TRANSITIONS (n, ) FOR DIFFERENT 4-BIT ADDERS 

AND DIFFERENT LOGIC DESIGN STYLES

Logic 
design style

Ripple 
carry 
adder 

n>

Cany 
skip 

adder 
n«

Carry 
select 
adder 

n>

Conditi­
onalsum 

adder 
n.

Cany look- 
ahead 
adder 

n>
Fully static CMOS 16.00 21.00 38.05 48.45 22.00

Domino CMOS 28.00 32.80 69.58 42.99 23.61

CPL 26.00 28.70 53.13 35.50 34.24

DPL 30.00 32.70 63.00 41.00 34.24
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TABLE T25: AVERAGE LOAD CAPACITANCE (%) PER GATE FOR DIFFERENT 4-BIT ARCHITECTURES 

FOR DIFFERENT LOGIC DESIGN STYLES

Adder 
architecture

Average load capacitance (%) in units of Cg at the output of a gate

Fully static CMOS Domino CMOS CPL DPL

Ripple carry 2.80 228 1.60 2.30
Cany skip 3.00 2.29 1.40 2.30
Cany select 3.50 3.70 1.60 2.46
Conditional sum 4.00 4.00 2.00 5.70
Cany look-ahead 5.50 4.40 1.60 3.00

TABLE T26: AVERAGE WEIGHT FACTOR (W) PER GATE FOR DIFFERENT LOGIC DESIGN STYLES

Logic design style
Average weight-factor OF) per gate

M)____________________
1.5 3.0 5.0

Fully static CMOS 1.767 1.278 1.255
Domino CMOS 3.547 3.333 3.219
CPL 0.634 0.643 0.848
DPL 1.675 1.890 2.027
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73 RESULTS OF RIPPLE CARRY ADDER

The parasitic degradation factors of ripple carry adder designs for different logic design 

style were obtained using model described in 7.1. The variation of a with operand size is 

shown in Figs. 7.1.

Operand size
Fig. 7.1. a Parasitic degradation versus operand sis for Rpple cany adder 

Fully static CMOS bgic

Operand size
Fig. 7.1. b Parasitic degradation versus operand sis for Rppb cany adder 

Domino CMOS bgic
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The parasitic degradation factors of ripple carry adder designs for different logic design 

style were obtained using model described in 7.1. The variation of a with operand size is 

shown in Figs. 7.1.

Operand size
Fig. 7.1. a Parasitic degradation versus operand size for Rpple cany adder 

Fully static CMOS logic

Operand size
Fig. 7.1. b Parasitic degradation versus operand size for Rpple cany adder 

Domino CMOS bgic
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2.3 ,

Operand size
Fig. 7.1. c Parasitic degradation versus operand size for Ripple cany adder 

Complementaiy pass transistor logic

Fig. 7.1. d Parasitic degradation versus operand size for Ripple Cany Adder 
Dual pass transistor logic
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7.4 RESULTS OF CARRY SKIP ADDER
The variation of parasitic degradation factor (a) with operand size of carry skip adder 

designs is shown in Figs. 7.2.

O w=1.8um i _ __„
1.800- y = -3E-05x2 + 0.0093x+ 1.2239

1.900

Operand size
Fig. 7.2. a Parasitic degradation versus operand size of Carry skip adder 

Fully static CMOS bgic

Fig. 7.2. b Parasitic degradation versus operand size of Carry skip adder 
Domno CMOS bgic
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Operand size
Fig. 7.2. c Parasitic degradation versus operand sis of Cany skip adder 

Complementary pass transistor bgic

Operand «tze
Fig. 7.2. d Parasitic degradation versus operand sis of Cany skip adder 

Dual pass transistor bgic
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7.5 RESULTS OF CARRY SELECT ADDER

The variation of parasitic degradation factor (a) with operand size of cany select adder 

designs is shown in Figs. 7.3.

0 10 20 30 40 50 60

Operand aizo
Fig. 7.3 a Parasitic degradation versus operand size of Carry select adder 

Fully static CMOS logic

Operand size
Fig. 7.3. b Parasitic degradation versus operand size of Carry select adder 

Domino CMOS logic
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Operand size
Fig. 7.3. c Parasitic degradation versus operand size of Cany select adder 

Complementary pass transistor logic
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7.6 RESULTS OF CONDITIONAL SUM ADDER

The variation of parasitic degradation factor (a) with operand size of conditional sum 

adder designs is shown in Figs. 7.4.

Fig. 7.4. a Parasitic degradation versus operand size for Conditional sum adder 
Fully Static CMOS bgic

Fig. 7.4. b Parasitic degradation versus operand size for Conditional sum adder 
Domino CMOS bgic
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7.7 RESULTS OF CARRY LOOK-AHEAD ADDER

The variation of parasitic degradation factor (a) with operand size of carry look-ahead 

adder designs is shown in Figs. 7.5.

Operand size
Fig. 7.5. a Parasitic degradation versus operand size for Carry look-ahead adder 

Fully static CMOS logic

Operand size
Fig. 7.5. b Parasitic degradation versus operand size for Cany bok-ahead adder 

Domino CMOS logic
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3.1

Fig. 7.5. c Parasitic degradation versus operand size for Cany look-ahead adder 
Complementary pass transistor logic
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Fig. 7.5. d Parasitic degradation versus operand size for Cany look-ahead adder 

Dual pass transistor logic
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CHAPTER 8

SYNTHESIS OF OPTIMAL ADDERS

Designing adders for high-speed, small silicon area and low energy consumption is a 

significant goal. This is not a straightforward task as the performance of an adder varies 

with the choice of architecture, logic design style, transistor size and operand size. 

Different combinations of these choices lead to many different adder designs. This 

makes the selection of an optimum adder that satisfies the requirements of a given 

application situation very difficult and time consuming- as this would involve extensive 

performance analysis of all the designs. Here, a design-advisor tool can help a designer 

to simplify the task. Therefore models are needed which can estimate the worst-case 

propagation delay and energy consumption per addition for different adder designs. A 

design-advisor tool can use these models to predict an optimum adder design for a given 

requirement.

With this aim, we have devetoped models for estimating worst-case propagation delay 

and energy consumption per addition for different adder designs. The models- the delay 

model and the energy model have been discussed in chapter 7.

In the present work we have generated the propagation delay and energy consumption 

values for different adder designs for different operand sizes 4, 8, 16, 32, and 64-bits 

using SPICE. The worst-case propagation delay and energy consumption per addition for 

other operand sizes have been predicted using the developed models. The predicted 

values have been compared with the values obtained by actually creating those designs 

and simulating them using SPICE. Besides, the propagation delay and energy 

consumption values for a specified adder design have also been obtained from the 

quadratic fits of propagation delay versus operand size and energy consumption versus 

operand size data shown in chapter 6 for the purpose of comparison.

The programs listed in Appendices (Alt A2, A3) estimate the worst-case propagation 

delay and energy consumption per addition using equations obtained from quadratic fits. 

A sample output of this program is listed in Appendix A6. Appendices (A4, AS) list the 

programs that calculate the worst-case propagation delay and energy consumption per 
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addition using the models devetoped. Tables T27 (a, and b) list the worst-case 

propagation delay values obtained from: (1) delay model, (2) through quadratic fits to 

available data points (3) actual values obtained by creating the adder designs and 

simulating their netlists using SPICE. Results show a close match between the values.

TABLE T27 a: WORST-CASE PROPAGATION DELAY OF DIFFERENT ADDERS 

OBTAINED THROUGH ACTUAL SIMULATION, MODELING, AND 

QUADRATIC FITS TO AVAILABLE DATA POINTS

Logic 
design 
style

Ope­
rand 
size

Adder 
archite­

cture

Propagation 
delay 
(ns) 

(Simulation )

Propagation 
delay 
(ns) 

(Modeling)

Propagation 
delay 
(ns) 

(Curve fitting)

Fully 
static 
logic 
design 
style

12 Condit- 
tonal sum

1.5 9.94 9.21 9.50
3 6.77 6.71 7.04
5 5.78 5.58 5.87

20 Ripple 
carry

1.5 23.90 24.51 24.80
3 17.10 17.71 17.50
5 14.10 14.54 14.90

24 Cany 
select

1.5 15.10 15.77 16.40
3 10.70 11.08 11.40
5 8.28 8.78 90.6

28 Carry skip
1.5 16.60 17.05 17.30
3 11.90 11.88 12.10
5 9.96 9.65 10.60

40 Ripple 
carry

1.5 58.45 62.47 62.44
3 40.11 42.42 41.46
5 32.56 34.10 34.54

Domino 
CMOS 
logic 
design 
style

20 Ripple 
cany

1.5 40.70 41.07 41.10
3 28.40 29.28 29.50
5 23.70 24.17 24.40

20 Cany 
select

1.5 20.69 1921 19.15
3 13.91 13.68 13.68
5 12.09 11.22 11.38

48 Carry skip
1.5 47.80 4724 48.50
3 32.00 38.90 32.50
5 25.10 24.92 25.60

56 Carry 
select

1.5 70.30 69.74 6920
3 44.60 45.31 44.30
5 34.40 33.37 33.80
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TABLE T27 b: WORST-CASE PROPAGATION DELAY OF DIFFERENT ADDERS 
OBTAINED THROUGH ACTUAL SIMULATION, MODELING, 
AND QUADRATIC FITS TO AVAILABLE DATA POINTS

Logic 
design 
style

Ope­
rand 
size

Adder 
archite­

cture
MJ

Propagation 
delay 
(ns) 

(Simulation )

Propagation 
delay 
(ns) 

(Modeling)

Propagation 
delay 
(ns) 

(Curve fitting)

CPL

12 Ripple 
cany

1.5 12.20 11.85 12.30
3 8.58 8.57 8.40
5 7.49 7.25 7.48

20 Condit- 
ionalsum

1.5 9.86 9.77 9.96
3 6.53 6.52 6.53
5 5.57 5.59 5.87

24 Carry skip
1.5 20.10 20.74 20.60
3 14.10 13.79 13.90
5 12.00 11.54 11.70

52 Cany 
select

1.5 42.20 44.25 42.60
3 26.90 29.59 26.30
5 21.30 21.90 20.90

DPL

12 Ripple 
carry

1.5 20.14 19.05 19.64
3 14.11 14.14 14.04
5 12.26 11.93 12.18

20 Condit- 
ionalsum

1.5 8.80 9.05 9.01
3 5.85 6.04 6.00
5 5.00 5.04 5.02

28 Carry skip
1.5 30.45 32.56 32.69
3 21.35 21.11 21.35
5 18.47 18.52 18.76

40 Carry 
___select

1.5 39.90 40.28 38.44
3 25.84 26.69 25.16
5 20.74 20.52 20.21

Tables T28 (a and b), list the energy consumption per addition for the worst-case 

propagation delay input combination for different adders obtained through (1) SPICE 

simulation, and (2) through quadratic fits to available data points. The results show a 

close match between the two energy consumption values.
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TABLE T28 a: ENERGY CONSUMPTION PER ADDITION OF DIFFERENT ADDERS 

OBTAINED THROUGH SPICE SIMULATION, AND QUADRATIC FITS TO 

AVAILABLE DATA POINTS

Logic 
design 
style

Operand 
size

Adder 
architecture

MJ
Energy 

consumption 
Jxio10 

(Simulation )

Energy 
consumption 

JxlO’10 
(Curve fitting)

Fully 
static 
logic 
design 
style

12 Condit* 
ionalsum

1.5 3.11 3.18
3 4.57 4.94
5 6.26 6.70

20 Ripple 
cany

1.5 2.20 2.21
3 2.98 3.04
5 4.06 4.04

24 Carry select
1.5 5.01 5.08
3 6.97 7.05
5 8.91 9.82

28 Carry skip
1.5 3.86 4.08
3 5.38 5.42
5 7.33 7.45

40 Ripple 
cany

1.5 5.67 5.81
3 7.36 7.37
5 9.59 9.58

Domino 
CMOS 
logic 
design 
style

20 Ripple 
cany

1.5 6.24 6.26
3 9.14 9.40
5 12.94 13.19

20 Cany select
1.5 11.13 10.99
3 16.77 17.02
5 24.68 24.42

48 Carry skip
1.5 20.90 20.77
3 28.89 29.02
5 39.82 39.80

56 Carry select
1.5 40.59 40.37
3 58.01 57.76
5 83.70 82.04
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TABLE T28 b: ENERGY CONSUMPTION PER ADDITION OF DIFFERENT ADDERS 

OBTAINED THROUGH SPICE SIMULATION, QUADRATIC FITS TO 

AVAILABLE DATA POINTS

Logic 
design 
style

Operand 
size

Adder 
architecture

Energy 
consumption 

JX10'10 
(Simulation )

Energy 
consumption 

JxlO’10 
(Curve fitting )

CPL

12
Ripple 
cany

1.5 1.94 1.88
3 2.72 2.63
5 3.91 3.82

20
Condit* 

ionalsum

1.5 4.24 4.28
3 5.83 5.83
5 8.48 826

24
Cany skip

1.5 6.51 6.30
3 9.07 8.85
5 12.82 12.62

52
Cany select

1.5 16.68 18.83
3 21.36 24.75
5 34.83 32.13

DPL

12
Ripple 
cany

1.5 2.36 2.34
3 3.33 3.63
5 4.78 4.75

20
Condit* 

ionalsum

1.5 5.14 5.26
3 6.71 6.70
5 9.29 9.19

28
Cany skip

1.5 8.36 8.48
3 11.61 11.54
5 16.35 16.07

40
Cany select

1.5 16.79 19.71
3 23.40 27.06
5 32.33 40.88
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Table T29 lists energy consumption per addition obtained using energy model for 

different 4—bit adders.

TABLE T29: ENERGY CONSUMPTION PER ADDITION OF DIFFERENT 4-BIT ADDERS 
OBTAINED USING ENERGY MODEL AND SPICE SIMULATION

Adder 
architect 

ure
(w/7)

Energy consumptk 
Jxl(

mi of 4-bit Adder 
r10

Fully static CMOS 
logic

Domino CMOS 
logic

CPL DPL

energy 
model

sinulati 
on

enogy 
model

sinulati 
on

energy 
model

sinulati 
on

energy 
model

sinulati 
on

Ripple 
carry

1.5 0282 0276 0.687 1.042 0.547 0.563 0.620 0.633

3.0 0.419 0.408 1.307 1.598 0.861 0.826 0.982 0.946

5.0 0.655 0.595 2.032 2.407 1265 1.239 1.670 1.363

Carry 
skip

1.5 0295 0.317 0.703 1.121 0.682 0.651 0.449 0.737

3.0 0.423 0.452 1351 1.796 0.978 0.903 0.958 1.068

5.0 0.667 0.679 1.979 2.582 1.448 1.381 1.672 1.518

Carry 
select

1.5 0.554 0.612 2.044 2.407 1.071 1.200 0.799 1.427

3.0 0.839 0.944 3.887 3.844 1.546 1.805 1.858 2.111

5.0 1.307 1.385 6.029 5.642 2.321 2.711 3.274 2.959

Conditio 
nal sum

1.5 0.889 0.902 1.844 1.423 0.852 0.803 0.731 1.082

3.0 1.329 1.356 3.623 2.197 1.189 1.166 1.498 1.399

5.0 2.073 1.987 5.609 3.232 1.753 2.711 2.594 1.943

Carry 
look- 
ahead

1.5 0.369 0.376 1.173 1.146 0.820 0.781 0.673 0.853

3.0 0.545 0.608 2.280 1.812 1219 1.182 1.472 1242

5.0 0.869 0.869 3.379 2.607 1.837 1.710 2.570 1.786

The table clearly shows that the energy model correctly grades the designs for their 

energy consumptions - even though the estimates of energy consumption it provides are 

slightly different than those provided by simulation. The difference in values of energy 

consumption by the model is due to the feet that in our modeling we have considered an 

average value of weight factor for all the gates used in the design using a particular logic 

design style that accounts for energy consumption in switching of nodes internal to a 

gate.
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CHAPTER 9

CONCLUSION

The objective of this thesis is to explore the design space of VLSI adders of different bit­

widths in terms of their architectures, logic design styles, transistor sizes, and layout 

design styles with a view to understand the contributions to speed, energy consumption 

and area that come from each of these factors so that a design-advisor tool can be built to 

automatically select an optimal adder configuration based on the constraints of speed and 

energy consumption per addition. First, adder designs are created, and laid out. The pre 

and post layout netlists extracted from these designs have been simulated using SPICE. 

We have chosen five adder architectures that are frequently used in arithmetic circuits 

Le. ripple cany adder, cany skip adder, cany select adder, conditional sum adder, and 

carry look-ahead adder for operand sizes of 4, 8, 16, 32, and 64 bits. We have used four 

circuit design styles: fully static CMOS, domino CMOS, dual pass transistor logic and 

complementary pass transistor logic and gates with 2 to 4 inputs, for designing adders. 

Also, each adder architecture has been designed using three different transistor sizes- 

(w/l) =1.5,3, and 5 for a particular logic design style.

Simulation results show that -

> Energy consumption per addition increases and worst-case propagation delay 

decreases with increase in transistor size.

> Fully static CMOS logic design style is the most energy efficient design style for 

all architectures except for conditional sum adder architecture, which consumes 

less energy per addition for CPL design style.
> Ripple cany adder architecture consumes least energy per addition in comparison 

to other architectures for all logic design styles.

> For 4-bit, 8-bit and 16-bit operand sizes, conditional sum adder architecture 

designed in CPL design style results in highest-speed addition. For 32-bit and 64- 

bit operand sizes, cany look-ahead adder architecture designed in fully static 

CMOS logic gives the fastest addition.

> Carry look-ahead adder architecture is fester than other architectures for folly 

static CMOS, and domino CMOS logic design styles.
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> Performance of adder architectures varies with operand size. For 4-bit operand 

size, ripple cany adder architecture has the least energy-delay product (EDP) 

irrespective of logic design style and transistor size except in domino CMOS 

logic where carry look-ahead adder shows nearly the same value but with higher 

transistor count. For 16-bit and larger operand sizes - carry look-ahead adder 

architecture has the least EDP for folly static CMOS and domino CMOS logic 

design styles whereas conditional sum adder architecture has the smallest EDP 

for pass transistor logic design styles. For 8-bit operand size, carry look-ahead 

adder architecture for folly static CMOS and conditional sum adder architecture 

for other logic design styles have the least EDP.

> Ripple cany adder architecture has the smallest transistor count and core area for 

all logic design styles. CPL design style based adders have the smallest transistor 

count for all architectures. Domino CMOS logic design style has a higher 

transistor count than folly static CMOS logic design style because standard cells 

having only 2 to 4 inputs have been used in designs.

From the above results, it is observed that ripple carry adder architecture designed using 

folly static logic design style is most suitable for low-energy applications. Carry look- 

ahead architecture is most suitable for high-speed operation for larger operand sizes. In 

pass transistor logic; CPL is better than DPL, both, in terms of energy consumption and 

worst-case propagation delay due to less parasitic capacitances.

Energy-delay product (EDP) has been used as the basis for choosing an optimal adder 

design. The EDP has been found to vary with logic design style, and adder architecture. 

For folly static CMOS, and domino CMOS logic design styles, carry look-ahead adder 

architecture has the lowest EDP, and for pass transistor logic design styles, conditional 

sum architecture has the lowest EDP followed by carry look-ahead architecture. Tables 

T50 to T54 of Appendix BS list the EDPs of different adders. The EDPs obtained from 

simulation results of adders exhibit a smaller value at transistor width equal to 3.6pm 

(0.6 to 0.99 times the EDP of an adder obtained at transistor width equal to 1.8pm). This 

is because a moderate increase in (w/I) of the transistors used causes a more significant 

reduction in delay than the increase in energy consumed. This trend is observed in all 

adder designs for operand size of 64-bit (in some cases for smaller operand sizes also).
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Further increase in channel-width leads to an increase in EDP, as the reduction in delay 

decreases whereas the energy consumption keeps on increasing. Thus, the EDP of an 

adder shows a minimum at the channel width that is twice the minimum allowed channel 

width value.

We have studied the effect of layout methodology on EDP by comparing standard-cell 

based design and full-custom design of 64-bit ripple carry adder and carry look-ahead 

adder in fully static CMOS logic design style. Full custom layouts of the full-adder cell, 

A-cell and B-cell have been drawn which were then used in creating designs of 64-bit 

ripple carry and cany look-ahead adders. The EDP (shown in Appendix B7) of full 

custom designs is found to be much less than the EDP of standard cell based designs due 

to significant decrease in parasitic capacitances. But, in full custom designs too, the EDP 

has been found to be minimum for (w/l)=3 and increases with further increase in (w/l). 

Hence, the adders designed with full-custom layout methodology also give an optimum 

value for channel width (w) twice the minimum allowed value.

In the present work, an analysis of adders has been done using energy consumption per 

addition for an input combination that corresponds to the worst-case propagation delay. 

Since the power dissipation in combinational circuits is pattern dependent, we have also, 

obtained the average energy consumption per addition for a set of randomly generated 

input vectors (Emdom) for 4-bit adder designs. Results show that the energy consumption 

per addition for a set of randomly applied input vectors is nearly a constant multiple of 

the energy consumption per addition for the worst-case propagation delay input pattern 

(Ewom<»c) for a given logic design style. The ratio M defined as

M = E^"—
E

worst-cue

has been found to be nearly constant for different adder architectures designed using a 

particular logic design style for different channel-widths (shown in Appendix B7). 

Hence, the grading of different adder architectures in terms of their energy consumption 

obtained for worst-case delay input pattern applies to the case of randomly applied input 

vectors also.
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For modeling the worst-case propagation delay, the approach of identifying the critical 

delay paths of adders is used. The product of number of gates in critical delay path, time 

constant of the technology (t), average fen-out per gate in critical delay path (0, and the 

parasitic degradation factor (a) has been used to estimate the worst-case propagation 

delay. The time constant (r) has been obtained for different transistor sizes without 

including the circuit parasitics using SPICE. The parasitic degradation factor (a) of all 

adder designs is obtained empirically by equating the delay value obtained from 

simulation to this product. The variation of (a) with operand size is obtained for all 

adders designed using different circuit design styles and a second order polynomial is 

fitted to the data. Thus equations linking (a) to operand size are obtained which have 

been used for determining (a) of an adder of any size between 4 to 64-bit. This value is 

then used in the product for estimating the worst-case propagation delay.

For modeling the energy consumption per addition, product of average energy 

consumption (E) in driving lCg load, average number of nodes (n$) undergoing 

transitions for all possible transitions from an input pattern to another input pattern, 

glitch factor (g), average weight factor fP) per gate, average load capacitance at the 

output of a gate (x), and the parasitic degradation factor (a) is taken. Energy 

consumption (E) in driving one gate capacitance has been obtained through SPICE 

simulation without including circuit parasitics and (x) has been calculated from adder 

schematics. The value of (g) is taken as 1.5 for static logic and 1 for dynamic logic to 

take care of spurious transitions. Average weight factor (T) has been estimated by taking 

average of weight factors of different gates used in the design for a particular logic 

design style.

Worst-case propagation delay values have been obtained from: (1) delay model, (2) 

through quadratic fits to available data points and, (3) actual SPICE simulation. The 

results listed in tables T27 (a), and (b) show a close match between the values.

Energy consumption per addition for worst-case propagation delay input combination 

has been obtained through SPICE simulation, and (2) through quadratic fits to available 

data points. The results listed in tables T28 (a), and (b) show a close match between the 
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values. Table T29 shows energy consumption per addition obtained using energy model 

for 4-bit adders. Energy model correctly grades the adder designs for their energy 

consumption.

Towards the end, we have devetoped tools, which are listed in Appendix A1, A2, A3, A4 

and AS. A sample output of these programs is listed in Appendix A6. These tools can be 

used to select an optimum adder design for a given application.

Future directions

In the present work an effort has been made to analyze different adder designs with a 

view to select the optimum adder for a given application situation. The study can be 

further augmented by including the techniques of transistor sizing in the critical delay 

path and transistor-reordering to increase the speed of the circuit. Different adder 

architectures can be combmed to develop hybrid adder designs. The selection of different 

adders can be based on the performance analysis done in the present work. Energy model 

developed can be improved further by considering weighted average fector for different 

gates used in the design. The developed models can be tested for adder designs of 

different channel length technologies with a view to validate their wide applicability.
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APPENDIXA1

This program calculates the interpolated values of worst-case propagation delay and 
energy consumption for a given adder design. Also, this program gives the adder 
designs for a given value of worst-case propagation delay and energy consumption.

de;
clear all
diary prgresult.m 
diary on
dispf**************************............•••••••••••••
•..........    *******9
dispf 9
dispfAdder analysis program*)
dispf 9
dispf•••••••••••••••••••••••.......... •••............... ••••••
............................................................................. * 9
%Takc input from user 
dispf*) 
dispf Adder analysis options') 
dispf *) 
dispf Analysis option values are:*) 
dispf 9 
dispf( I )Delay and energy consumption value for a given 
adder7) 
dispf architecture, logic design style, and channel width - 1*) 
dispf) 
dispf(2)Name of architecture/s for a given delay and energy 
value3 29 
dispf*)
dispf(**********************************************

ofFrinputfPlease input analysis option3 9;
while op>2
dispfERROR: Option value is out of the range. Please give
option value between I and 29 
dispf*) 
d"inputfPlease input analysis option again3* *);
dispf) 
end; 
clc;
dispf*) 
if op^i;
dispf••••••••••••••••••••••*••••••*•••••**••*•••••  
..............................    9
dispf*)
dispfProgram for obtaining value of energy consumption and 
propagation delay 9 
dispf delay for a given arhitecture,design style and channel 
width*) 
dispf) 
dispf**********************************************

%Take input from user 
dispf)
dispfPlease input size of adder from 1 to 64 bits in multiples of 
four*) 
dispf*)
x=rinputfPlcase input adder size (number of bits)3 0;
dispf)
while x=O;
dispf*)
x=inputfPlease input adder size i.e(number of bits) from 1 to 

64 again in multiples of 4 3 7, 
dispf) 
end;

while x>64;
dispfERROR: Adder size is out of the range. Please give adder 
size from l to 64 in multiples of 4*) 
dispf)
X'rinputfPlease input adder size i.e(number of bits) from I to
64 again in multiples of 4- *);
dispf)
while x=O;
dispfERROR: Adder size is out of the range. Please give adder 
size from 1 to 64 in multiples of 4*) 
dispf)
x^inputfPlease input adder size i.e(number of bits) from I to
64 again in multiples of 4- 9;
end;
end;
clc;
dispf............................................................................................

dispf Architecture options and their values are:9
dispf)
dispf(l)No specific adder architecture.Print result for all
architectures3 O')
dispf(2)Ripple cany adder architecture3 I*)
dispf(3)Carry select adder architecture3 29
disp(X4)Cany skip adder architecture*3 3*)
dispf(5)Cany look ahead adder architecture3 49
dispf(6)Cooditional sum adder architecture3 59
dispf)
brinputfPlease input architecture option3 9;
while b>5
dispfERROR: Option value is out of the range. Please give
option value between 0 and 59
dispf 9
b’rinputfPlease input architecture option again3* *);
dispf 9 
end 
clc

dispfLogic design style options and their values are:*)
dispf*)
dispf(l)No specific logic design style.Print result for all design 
styles.3 09
dispf(2)FuJly static CMOS logic3 19
dispf(3)Domino CMOS logic3* 29
dispf^JComplementary pass transistor logic3 3*)
dispf 9
c=inpuifPlcasc input logic design style option value339;
while 03
dispfERROR: Option value is out of the range. Please give 
option value between 0 and 39 
dispf)
c^nputfPlease input logic design style option again*3 9;
dispf) 
end 
clc
dispf•••*••♦•••••••••*••••••••••*•*•••*•••••••••**
• ••••♦*•••••••••*••••..........................**9
dispf 9
dispfMOSFET Channel length is =1.2um9
dispf 9
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dispf •...........••••••••••••••••••••••••••••••••••••••
............................................................—•3 
dispfChanncl width options and their values are:')
dispf 3
dispf(i)No specific channel width choice.Print result for al! 
(w^) valuer 03
dispf(2)Channel width (l.8um)= 13
disp(X3)Channel width (3.6um)= 23
dispf(4)Channel width (6.0um)= 33 
dispf 3
d=inputfPlease input channel width option2 3;
while d>3
dispfERROR: Option value is out of the range. Please give 
option value between 0 and 33
dispf 3
d=inputfPlease input channel width option again2 31
dispf 3 
end
dispf ••••••••••••................................ . ............................ ..

................•••••••••••"••••••'I
x,b,c,d%display adder sce.architecture,transistor widthjogic 

design style
[delay ]^x,b,c,dy,%callutgjunction p
dispf— 

.................................................. "O 
dispf •••••••••••••••••••••*••

. ...................................................... 3
dispfEoergy consumption results3
dispf 3
[energy ]=^^b,c,d);%ca!lingjunction ep
elseif op==2
dispf——..............*................................................ ..
•................  "•*..............— 3
dispf 3
dispfProgramme for obtaining best architecture for a required') 
dispfenergy consumption or propagation delay constraint or 
both3
dispf 3
dispf••••••••••••••••••••••••••••••••••••••••*••••
*......... ...•............*..•....*•••••*••3
dispfOptions for constraint/s are: 3
dispf3
dispfPropagation delay constraint only2 1 3
dispfEnergy consumption constraint only2 2 3
dispfBoth energy consumption and propagation delay 
constraints “03
dispf 3
constraintRnputfPlease input constraint option2 3;
dispf—————•*•••••**

de

while constraint^;
dispfERROR: Option value is out of the range. Please give
option value from 0 to 33
dispf 3
d“inputfPlease input constraint option again2 3;
dispf 3
end;
dispf 3
cic;
x=iriputfPlease input adder size i.e(number of bits) from 1 to
64 = 3;
dispf 3
while x=0;
dispf 3
x^nputfPlease input adder size i.e(number of bits) from 1 to
64 again2 3;
dispf 3
end;
while x>64;
dispfERROR: Adder size is out of the range. Please give adder
size from 1 to 643
dispf 3
xs3inputfPlease input adder size i.e(number of bits) from 1 to

64 again2 3;
dispf 3
while x==0;
dispfERROR: Adder size is out of the range. Please give adder
size from 1 to 643
dispf 3
x^inputfPlease input adder size i.e(number of bits) from 1 to
64 again2 3;
end;
end;
de;
if constraint23!;
[delay^elsin^x); %calling junction dehim
elseif constraint3^
[energy ]^eni^m(xy,%calling junction enrgsim
elseif constraint22^
[delay}=delsim(x);
dispf------------------------------------------- ----- --------------------------------
---------- 3
[energy ]2enrgsim(x);

end;
end;
diary off.
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APPENDIX A2
Functions called in program listed in Appendix Al

FUNCTION • DELSIM’

This function is called in main program listed in Appendix Al. It takes the propagation 
delay as input and gives names of the adder designs having the specified value of critical 
delay.

0 Junction vrca3& dispfChannd width- end;
function(dehy]"ddsim(x) [dday]"vrca31s(x); 6um3 dispf 3

ifdday<(pdelay*ptol); dispfLogic desigi style" “Junction vrea 1 dp
pdday: inputfPlease ifdday>(pdday-ptolX Domino CMOS logic 3 [dday]"vrca ldp(x);
input propagalicndday dispf) countdd “countdd* 1; ifdelay<(pdelay+ptol);
value.in seconds.- 7. dispf) end; ifdday>(pdday-ptol);
dispf 3 delay end; dispf 3
de dispf Architecture" “Junction vrea 1 cp dispf 3
dispfTolerance Ripple cany adder 3 (delay]=vrca 1 cp(x); delay
acceptable variation in dispfChannd width” ifdday<(pdday+ptol); dispf Architecture"
prcpagationdelay and 6um3 ifdday>(pdday-ptol); Ripple carry adder 3
energy consumption dispfLogic design style" dispf 3 dispfChannd width"
valued Fully static logic 3 dispf) 1.8um3
dispf 3 countdd "countdd*1; delay dispfLogic design style"
ptol"inputfPlease input end; dispfArchitecture" Dual pass-transistor logic
tolerance value in end; Ripple cany adder 3 3
propagation ddiy( seconds “Junction vrea 1dm dispfChannd width" countdd "countdd* I;
) 3. (dday]=vrca 1 dm(x); 1.8um3 end;
de ifdday<(pdday*ptol); 

ifdday>(pdday-ptol); 
dispf)
dispf 3

dispfLogic design style- end;
“Junction vrca2dp 
[dday] °vrca2dp(x); 
ifdday<(pdday*ptol); 
ifdday>(pdday-ptol);
dispf 3

dupt “ Complementary pass* 
transistor logic 3 
countdd"countdd* I; 
end;
and;

delay
dispCArchitccture=”

countdd "0; Ripple cany adder 3 “Junction vrcalcp dispf 3
“Junction vrcalfs dispfChannd width" (dday]=vrca2cp(x); dday
[dday]^Tcalfs(x); 1.8um3 ifdday<(pdday+ptol); dispfArchitecture"
ifdelay<(pdelay*ptol); dispfLogic design style" ifdday>(pdday-ptol); Ripple carry adder 3
ifdelay>(pdday-plol); Domino CMOS logic 3 dispf 3 dispfChannd width"
dispf •) countdd =countdd*1; dispf 3 3.6um3
dispf) end; delay dispfLogic desist style"
ddav end; dispf Architecture" Dual pass-transistor logic

dispf Architecture" “/Junction vrcaldm Ripple cany adder 3 3
Ripple carry adder 3 (dday]"vrca2dm(x); dispfChannd width" countdd “countdd* 1;

dispfChannd width" ifdehy<(pdday+ptol); 3.6um3 end;
1 .Suin') ifdelay>(pdday-ptol); dispfLogic design style" end;
dispfLogic design sty!c= dispf) Complementary pass- “Junction vrca3dp

Fullv static logic 3 dispf) transistor logic 3 [dday]=vrca3dp(x);
countdd ^countdd- 1; delay countdd "countdd+1; ifdday<(pdday*ptol);
end. dispf Architecture^ end; ifdday>(pdday-ptol);
end; Ripple carry adder 3 end; dispf 3
“Junction vrca2fs dispfChannd width" “Junction vrca3cp dispf 3
[delay]"vrca2fs(x); 3.6um3 [dday]=vrca3cp(x); dday
ifdday<(pdeiay+ptoly. dispfLogic design style" ifdday<(pdday+ptol); dispfArchitecture"
ifdday>(pdelay-ptol); Domino CMOS logic 3 ifdday>(pdelay-ptol); Ripple carry adder 3
dispf) counldd"countdd+1; dispf 3 dispfChannd width"
dispf') end; dispf 3 6um3
delav end; dday dispfLogic design style"
dispf Architecture" “/Junction vrca3dm dispf Architecture" Dual pass-transistor logic
Ripple carry adder3 (dday]"vrca3dm(x); Ripple carry adder 3 3
dispfChannd width" ifdday<(pdday+ptol); diqifChannd width" countdd"countdd * I;

3.6um3 ifdday>(pdday-ptol); 6um3 end;
dispfLogic design style" dispf) dispfLogic design style" end;
Fully static logic 3 dispf) Complementary pass- dispf3
countdd"countdd*l; delay transistor logic 3 %function vcrllfs
aid; dispfArchitecture" oountdd"countdd+1; [dday]"vcrl 1 fs(x);
end; Ripple carry adder 3 end; ifdday<fpdday+ptol);
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i fdday>( pdelay-ptol); dispfChannel width" dispfLogic design style"
dispf 9 3.6um9 Complementary pass-
dispf) dispfLogic design style" transistor logic 9
delay Domino CMOS logic 9 countdel"countdel+1;
dispf Architecture" Cany countdel"countdel+l; end;
select adder 9 end; end;
dispfChannel width" end; %function vcrildp
1.8um’) %function vcr!3dm [delay ]"vcrl ldp(x);
dispfLogic design style" [delay J"vcri3dm(xX ifdelay<(pdclay+ptol);
Fully static logic 9 i fdelay<(pdelay+ptol); ifdelay>(pdelay-ptol);
countdel"countdel+l; ifdelay>(pdelay-ptol); dispf)
end; dispf) dispf)
end; dispf) delay
%function verilfs delay dispfArchitecture" Carry
(delay J=vcril6(x); dispf Architecture" Carry select adder 9
i fdelay<(pde)ay+ptol); select adder 9 dispfChannel width"
ifdelay>( pdelay-ptol); dispfChannel width" 1.8um9
dispf') 6um9 dispfLogic design style"
dispf 'J dispfLogic design style" Dual pass-transistor logic
delay Domino CMOS logic 9 9
dispfArchitecture" Carry countdel"cocmtdel+1; countdel"countdel+l;
select adder 9 end; end;
dispfChannel width" end; end;
3.6um9 Sfunction vcrllcp %function vcrildp
dispfLogic design style" (delay}"vcrilcp(x); [delay}"vcrildp(x);
Fully static logic 9 ifdelay<(pdelay+ptol); ifdelay<(pdelay+ptol);
count del=countdel+l; ifdclay>(pdelay-ptol); ifdelay>(pdelay-ptol);
end; dispf) dispf 3
end; dispf) dispf)
%functioo vcri3& delay delay
[ delayJ=vcri3ts(x); dispfArchitecture" Cany dispfArchitecture" Carry
ifdelay<(pdel8y+ptol); select adder 9 select adder 9
i fdelay>(pdelay-ptolX dispfChannel width" dispfChannel width"
dispf) I.8um9 3.6um9
dispf') dispfLogic design style" dispfLogic design style"
delay Complementary pass* Dual pass-transistor logic
dispf Architecture" Cany transistor logic 9 9
select adder 9 countdel"countdel+l; countdel«=countdcl+1;
dispfChannel width" cod; end;
6um9 end; end;
dispfLogic design style" % function vcrllcp %fiinction vcr!3dp
Fully static logic *) (delay}"vcri2cp(x); [delayJ"vcrl 3d p(x);
countdelAcountdel+1; ifdelay<(pdelsy+ptol); ifde!ay<(pdelay+ptol);
end; ifdelay>(pdelay-ptol); ifdelay>(pdelay-ptol);
end; dispf) dispf)
%function vert I dm dispf) dispf)
[delay )"vcri 1 dm(xX delay delay
i fdelay<(pdelay+ptol); dispfArchitecture" Cany dispfArchitecture" Carry
ifdelay>(pdelay-ptol); select adder 9 select adder 9
dispf') dispfChannel width" dispfChannel width"
dispf) 3.6um9 6um^
delay dispfLogic design style" dispfLogic design style"
dispfArchitecture" Cany Complementary pass- Dual pass-transistor logic
select adder 9 transistor logic •)
dispfChannel width" countdel"countdel+l; countdcl"countdel+l;
1.8um9 end; end;
dispfLogic design style" end; end;
Domino CMOS logic 9 %function vcr!3cp Sfimction vela Its
counldcl^countdel+l; [delay)"vcrl3cp(xX (delay]“vclalfc(x);
end; ifdelay<(pdelay+ptol); ifdelay<(pdelay+ptol);
end; ifdelay>(pdelay-ptol); ifdelay>(pdclay-ptol);
Sfunction vcrlldm dispf) dispf)
[delay)=vcrl2dm(x); dispf 9 dispf)
ifdelay<(pdelay+ptol); delay delay
ifdelay>(pdelay-ptol); dispfArchitecture" Carry dispfArchitecture" Carry

disof 9 select adder 9 lock ahead adder *)

dispf) dispfChannel width" dispfChannel width"

delay 6um9 1.8um*)
dispfArchitecture" Cany dispfLogic design style"

select adder 9 Fully static logic 3

countdel=countdei+l; 
end;
end;
%fimction vclalfs 
(delayp^vclalf^x); 
ifdelay<(pdelay+p(ol);
i fdelay>( pdelay-ptol); 
dispf) 
dispf) 
delay
dispfArchitecture" Cany 
look ahead adder *) 
dispfChannel width" 
3.6um3
dispfLogic design style" 
Fully static logic') 
countdel"countdel+l; 
end;
end;
Sfimction vcla3fs 
[delay]«vcla3fi(x); 
ifdelay<(pdclay+ptol); 
ifdelay>(pdelay-ptol); 
dispf 9 
dispf) 
delay 
dispfArchitecture" Cany 
look ahead adder 9 
dispfChannel width" 
6um9 
dispfLogic design style" 
Fully static logic 9 
countdel "count del+1; 
end;
end;
%function vela I dm 
[delayfavela 1 dm(xX 
ifdelay<(pdelay+p(ol); 
iftielay>(pdelay-p(ol); 
dispf 9 
dispf 9 
delay
dispfArchitecture" Cany 
look ahead adder 9 
dispfChannel width" 
1.8um9 
dispfLogic design style" 
Domino CMOS logic 9 
countdcl"countdcl+l; 
end;
end;
Sfimction vclaldm 
(delay]“vclaldm(x); 
ifdelay<(pdelay+p(ol); 
ifdelay>(pdelay-ptol); 
dispf 9 
dispf1) 
delay 
dispfArchitecture" Carry 
look ahead adder 9 
dispfChannel width" 
3.6um9
dispfLogic design style" 
Domino CMOS logic 9 
count de) "count del+1; 
end;
end;
%functioo vcla3dm 
[delay]"vcla3dm(x); 
iftlelay<(pdelay+ptol);
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ifdelay>(pdelay-ptol); delay dispfChannel width3 end;
dispf 9 dispfArchitecture3 Cany 3.6um9 %function vcsklcp
dispf 9 look ahead adder 9 dispfLogic design style3 [delay]°vcsk 1 cp(x);
delay dispfChannel width3 Fully static logic 9 ifdelaycfpdelay+ptol);
dispf Architecture3 Cany 1.8um9 counidel=countdel+l; ifdelay>(pdelay-ptol);
look ahead adder 9 dispfLogic design style3 end; dispf 9
dispfChannei width3 Dual pass-tansistor logic end; dispf 9
6um9 9 %fimction vcsk3fc delay
dispfLogic design style3 countdel=countdcl+l; [delay }=vcsk3 fs(x); dispfArchitecture3 Cany
Domino CMOS logic 9 end; ifdelay<(pdelay+ptol); skip adder 9
countdel=countdel+l; end; ifdelay>(pdelay-ptol); dispfChannel width3
end; %functioo vclaldp dispf 9 l.8um9
end; [delay}3vclaldp(x); dispf 9 dispfLogic design style3
%functioo vclalcp ifdelay<(pdelay+ptol); delay Complementary pass­
[delay }=vc la 1 cp(x); ifdelay>(pdelay-ptol); dispf Architecture3 Cany transistor logic 9
i fdelay<(pdelay+ptol); dispf 9 skip adder 9 countdel^countdel+l;
i fdelay>(pdelay-ptol); dispf 9 dispfChannel width3 end;
dispf 9 delay 6um9 end;
dispf 9 dispfArchitecturc3 Cany dispfLogic design style3 %function vcsklcp
delay look ahead adder 9 Fully static logic 9 [delay }=vcsklcp(x);
dispfArchitecture3 Cany dispfChannel width3 countdel=countdcl+l; ifdelay<(pdelay+ptol);
look ahead adder 9 3.6um9 end; ifdelay>(pdelay-ptol);
dispfChannel width3 dispfLogic design style3 end; dispf 9
1.8um9 Dini pass-tansistor logic %fiinction vcskldm dispf 9
dispfLogic design style3 9 [delay)=vcsk 1 dm(x); delay
Complementary pass- countdel=countdel+l; ifdelay<(pdelay+ptol); dispfArchitecture3 Carry
tansistor logic 9 end; ifdelay>(pdelay-p(ol); skip adder 9
countdelocountdel+l; end; dispf 9 dispfChannel width3
end; %function vcla3dp dispf 9 3.6um9
end; [delay }=vcla3dp(x); delay dispfLogic design style3
%function vclalcp ifdelay<(pdelay+ptol); dispfArchitecturc3 Cany Complementary pass­
[delay J=vcla2cp(x); ifdelay>(pdelay-ptolX skip adder 9 transistor logic 9
i fdelay<(pdelay+ptol); dispf 9 dispfChannel width3 countdel "count de 1+1;
i fdelay>(pdelay-ptd); dispC 9 1.8um9 end;
dispf 9 delay dispfLogic design style3 end;
dispf 9 dispfArchitecture3 Cany Domino CMOS logic 9 %function vcsk3cp
delay look ahead adder 9 counldelAcountdel+1; [delay}3vcsk3cp(x);
dispfArchitecturc3 Cany dispfChannel width3 end; ifdelay<(pdclay+ptol);
look ahead adder 9 6um9 end; ifdelay>(pdelay-ptol);
dispfChannel width3 dispfLogic design style3 %function vcskldm dispf 9
3.6<nn9 Dial pass-tansistor logic [dclay}=vcsk2dm(x); dispf 9
dispfLogic design style3 9 ifdelay<(pdelay+p<ol); delay
Complementary pass- countdel^countdel+l; ifdelay>(pdelay-p(ol); dispfArchitecture3 Cany
tansistor logic 9 end; dispf9 skip adder 9
countdel^countdel+l; end; dispf 9 dispfChannel width3
end; % function vcsklfs delay 6um9
end; [delay}3vc$klfs(x); dispfArchitecturc3 Cany dispfLogic design style3
%function vcla3cp ifdelay<(pdelay+ptol); skip adder 9 Complementary pass-
[delay }=vcla3cp(x); ifdelay>(pdelay-ptol); dispfChannel width3 transistor logic 9
ifdelay<(pdelsy+ptol); dispf 9 3.6um9 count del=countdel+l;
ifdelay>(pdelay-ptol); dispC 9 dispfLogic design style3 end;
dispC 9 delay Domino CMOS logic 9 end;
dispC 9 dispCArchitecture3 Cany counidel=countdel+l; %fimction vcskldp
delay skip adder 9 end; [delay}°vcsk 1 dp(x);
dispfArchHectureF3 Cany dispfChannel width3 end; ifdclay<(pdelay+ptol);
look ahead adder 9 1.8um9 Kfimction vcsk3dm ifdelay>(pdelay-ptol);
dispfChannel width3 dispfLogic design style3 [delay]3vcsk3dm(x); dispf 9
6um9 Fully static logic 9 ifdelay<(pdelay+ptol); dispf 9
dispfLogic design style3 
Complementary pass-

count del =countdel+l; 
end;

iftleiay>(pdelay-ptol); 
dispf 9

delay 
dispfArchitecturc3 Cany

tansistor logic 9 end; dispf 9 skip adder 9
countdel3countdel+l; Sfunctioo vcsklfs delay dispfChannel width3

end; ifdclay<(pdelay+ptolX dispfArchitecturc3 Cany 1.8um9

end; ifdelay>(pdelay-ptol); skip adder 9 dispfLogic design style3
%function vela 1 dp dispf 9 dispfChannel width3 Dual pass-transistor logic
[delay }=vclaldp(x); dispf 9 6um9 9
ifdelay<(pdclay+ptol); 
ifdday>(pdelay-ptolX 
dispC 9

delay dispfLogic design style3 countdel3countdel+l;
dispfArchitecturc3 Carry 
skip adder 9

Domino CMOS logic 9 
countdel^countdel+l;

end; 
end;

dispC 9 end; %fimction vcskldp
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[delay F2vcsk2dp(x); dispfLogic design style3 dispfArchitecture3 [delay F=vcnd 1 dp(xX
i fdelay<(pdelay+p(ol); Fully static logic 3 Conditional sum adder 3 ifdelay<(pdelay+p(ol);
i fdelay>(pdclay-ptol); dispf 9 dispfChannel width3 ifdclay>(pdelay-ptol);
dispf 3 count del ^countdel+l; 6um3 dispf 3
dispfl end; dispfLogic design style3 dispf 3
delay end; Domino CMOS logic 3 delay
dispfArchitecture3 Cany %fimctioo vcnd3ft countdel^countdel+l; dispfArchitecture3
skip adder3 [delay]svcnd3fs(xX end; Conditional sum adder 3
dispfChannel width3 ifiielay<(pdelay+ptol); end; dispfChannel width3
3.6um3 ifdelay>(pdelay-ptol); %function vcndlcp 1.8um3
dispfLogic design style3 dispf 9 [delayJ^vcnd 1 cp(x); dispfLogic design style3
Dual pass-transistor logic dispf*) i fdelay<(pdelay+ptol); Dual pass-transistor logic
3 delay ifdelay>(pdelay-ptol); 3
countdel=countdel+l; dispfArchitecture3 dispf 3 counldelscountdel+1;
end; Conditional sum adder 3 dispf 3 end;
end; dispfChannel width3 delay end;
^function vcsk3dp 6um3 dispfArchitecture3 %function vendidp
[delay }3vcsk3dp(xX dispfLogic design style3 Conditional sum adder 3 [delayF=vcnd2dp(x);
ifdelay<(pdclay+ptolX Fully static logic 3 dispfChannel width3 ifitelay<(pdclay+pto) X
ifdelay>(pdelay-ptolX countdelAcouDtdel+1; 1.8um3 ifdelay>(pdelay-ptol);
dispf 3 end; dispfLogic design style3 dispf 3
dispf 3 end; Complementary pass- dispf 3
delay %function vend 1dm transistor logic 3 delay
dispfArchitecture3 Cany [delay }=vcnd 1 dm(x); countdel^countdcl+l; dispfArchitecture3
skip adder*) ifdelay<(pdelay+ptol); end; Conditional sum adder 3
dispfCharmel width3 ifdclay>(pdelay-ptol); end; dispfChannel width3
6um3 dispf 3 %function vcnd2cp 3.6um3
dispfLogic design style21 dispf 3 [delay]=vcnd2cp(x); dispfLogic design style3
Dual pass-transistor logic delay ifdelay<(pdelay+p<ol); Dual pass-transistor logic
3 dispfArchitecture3 ifdelay>(pdclay-ptol); 3
countdelAcountdel+1; Conditional sum adder 3 dispf 3 countdelscountdel+l;
end; dispfChannel width3 dispf 3 end;
end; 1.8um3 delay end;
%function vend 1 ft dispfLogic design style3 dispf Architecture3 Sfimction vcnd3dp
[delay}=vcnd I ftfx); Domino CMOS logic 3 Conditional sum adder 3 (delay}3vcnd3dp(x);
ifdelay<(pdelay+ptol); countdelscountdel+l; dispfChannel width3 ifidelay<(pdelay+p(ol);
ifdelay>(pdelay-ptol); end; 3.6um3 ifdelay>(pdclay-p<ol);
dispf 3 end; dispfLogic design style3 dispf 3
dispf 3 %fimctioo vcnd2dm Complementary pass­ dispf3
delay [delay}=vcnd2dm(xX transistor logic 3 delay
dispf Architecture3 ifdelay<(pdelay+ptol); countdel«countdel+l; dispf Architecture3
Conditional sum adder 3 ifdelay>(pdclay-ptol); end; Conditional sum adder 3
dispfChannel width3 dispf3 end; dispfChannel width3
1.8um3 dispf 3 %functioa vcnd3cp 6um3
dispfLogic design style3 delay [delay]=vcnd3cp(x); dispfLogic design style3
Fully static logic 3 dispfArchitecture3 ifdelay<(pdelay+p(ol); Dini pass-transistor logic
countdel=countdel+l; Conditional sum adder 3 ifiielay>(pdelay-ptol); 9
end; dispfChannel width3 dispf 3 countdelscountdel+l;

end; 3.6um3 dispf 3 end;
^function vcnd2ft dispfLogic design styles delay end;
[delay }=vcnd2ft(xX Domino CMOS logic 3 dispfArchitecture3 countdel;
ifdcIay<(pdelay+ptolX countdelAcounidel+1; Conditional sum adder 3 if countdel33^);
ifilelay>(pdelay-ptol); end; dispfChannel width3 dispf Adder architecture
dispf 3 end; 6um3 with required worst-case
dispf 3 %functioci vcnd3dm dispfLogic design style3 propagationdelay is not
delay [delay}=vcnd3dm(x); Complementary pass- found. Please relax
dispfArchitecture3 ifiiel«y<(pdelay+ptolX transistor logic 3 tolerance3
Conditional sum adder 3 ifiielay>(pdclay-ptol); countdelscountdel+l; end;
dispfChannel width3 dispf 3 end;
3.6um3 dispf 3 end;

delay ^function vend 1 dp

FUNCTION ‘ENRGSIM*

This function is called in Appendix Al. It takes the energy consumption per addition as 
input and gives names of the adder designs having energy consumption near the specified 
value.
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function[energy}=enrgsim dispfChannel width3 %function vrcae2cp if energy<(ccncrgy+etol);
(x); 6um9 [energy }=vrcae2cp(x); if energyKcenergy-etol);
^function call dispfLogic design style3 if energy<(cenergy+etol); dispf 9
%sim Fully static logic 9 if energy>(cenergy-etol); dispf 9
%width3!.8um count*vount+l; dispf 9 energy
cenergy3inputfPlease end; dispf 9 dispfArchitecture3
input requiredenergy end; energy Ripple cany adder 9
consumption value,in %function vrcae 1dm dispfArchitecture3 dispfChannel width3
Joules, 3r); [energypvrcae 1 dm(x); Ripple cany adder 9 6um9
dispf 9 if energy<(ccncrgy+etol); dispfChannel width3 dispfLogic design style3
cic if energy>(cenergy-etol); 3.6um9 Dual pass-transistor logic
dispfTolerance -> dispf 9 dispfLogic design style3 9
acceptable dispf 9 Complementary pass- count=>count+l;
variationenergy energy transistor logic 9 end;
consumption value (in dispfArchitecture3 count=count+l; end;
Joules/) Ripple cany adder 9 end; %function vcrlel fe
dispf 9 dispfLogic design style3 end; [energyJ^vcri el fs(x);
etol^nputfPlease input Domino CMOS logic 9 %fimction vrcae3cp if energy<(cenergy+etol);
tolerance value inenergy count^count+l; [ energy }3vrcac3cp(x); if energy>(cenergy-etol);
consumption value end; if energy<(ceDergy+etol); dispf 9
(Joules) 3 y. end; if energy>(cenergy-etol); dispf 9
cic ^function vrcaeldm dispf 9 energy
dispC................................ [energy }=vrcae2dm(x); dispf 9 dispfArchitecture3 Cany

if cncrgy<(ccncrgy+etol); energy select adder 9
if energy>fcenergy-etol); dispfArchitecture3 dispfChannel width3
dispf 9 Ripple cany adder 9 1.8um9

" " ■ ■ 1 ’ / dispf 9 dispfChannel width3 dispfLogic design style3
counfO; energy 6um9 Fully static logic 9
%function vrcae I fit dispfArchitecture3 dispfLogic design style3 counfAGOunt+l;
[energy J^vrcae 1 fs(x); Ripple cany adder 9 Complementary pass- end;
if energy<(cenergy+etol); dispfChannel width3 transistor logic 9 end;
if energy >(cenergy-€to1); 3.6um9 count"count+l; %function vcrie2fs
dispf 9 dispfLogic design style3 end; [energy}=vcrle2fs(x);
dispf 9 Domino CMOS logic 9 end; if energy<(cenergy+etol);
energy count°vounH-l; %functioa vrcae I dp if cnergy>(cenergy-etol);
dispfArchitecture3 end; [energy ]=VTcae 1 dp(x); dispf 9
Ripple cany adder 9 end; if energy<(cenergy+etol); dispf 9
dispfChannel width3 %fimction vrcae3dm if energy>(cenergy-etol); energy
I.Sum') (energy]=vTcae3dni(x); dispf 9 dispfArchitecture3 Cany
dispfLogic design style3 if energy<(cencrgy+etol); dispf 9 select adder 9
Fully static logic 9 if energy>(cenergy-€tol); energy dispfChannel width3
count«count+l; dispf 9 dispfArchitecture3 3.6um9
end; dispf 9 Ripple cany adder 9 dispfLogic design style3
end; energy dispfChannel width3 Fully static logic 9
%function vrcae2fs dispfArchitecture3 1.8um9 couni^count+l;
[energy J^vrcae2fc(x); Ripple cany adder 9 dispfLogic design style3 end;
if energy<(cenergy+etol); dispfChannel width3 Dual pass-transistor logic end;
if energy>(cenergy-ctol); 6um9 9 Sfimction vcrie3ft

dispf 9 dispfLogic design style3 count=count+l; [energy p^vcrieSfsCx);

dispf 9 Domino CMOS logic 9 end; ifenergy<(cenergy+etol);
energy count=count+l; end; if energy>(cenergy-etol);
dispfArchitecture3 end; %functioo vrcae2dp dispf 9
Ripple cany adder 9 end; [energy]“vrcae2dp(x); dispf 9
dispfChannel widtir2 %fimction vrcae lep ifenergy<(cenergy+etoi); energy
3.6um9 [energy}=vrcac 1 cp(xX ifenergy>(cenergy-etol); dispfArchitecture3 Carry
dispfLogic design style3 if cncrgy<(ccnergy+etol); dispf 9 select adder 9
Fully static logic 9 if energy>(cenergy-etol); dispf 9 dispfChannel width3
counf^count+l; dispf 9 energy 6um9
end; dispf 9 dispfArchitecture3 dispfLogic design style3
end; energy Ripple cany adder 9 Fully static logic 9
%functioo vrcae3ft dispfArchitecture3 dispfChannel width3 count=count+l;
[energy J=vrcae3fi(x); Ripple cany adder 9 3.6um9 end;
if cnergy<(cenergy+etol); dispfChannel widths dispfLogic design style3 end;
if cnergy>(ccncrgy-etol); 1.8um9 Dual pass-transistor logic Sfimction vcrlel dm
dispf 9 dispfLogic design style3 9 [energy }=vcrlc ldm(x);
dispf 9 Complementary pass- count=count+l; if energy<(cencrgy+etol);
energy transistor logic 9 end; if energy>(cenergy-etol);
dispfArchitecture3 count=count+l; end; dispf 9
Ripple cany adder 9 end; %function vrcae3dp dispf 9

end; [energy}3vrcae3dp(x); energy
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dispf Architecture9 Cany dispfLogic design style9 dispfLogic design style9 %function vclae2dm
select adder Complementary pass- Dual pass-transistor logic [energy )9vclae2dm(x);
dispfChannel width9 transistor logic 3 3 if energy<(cenergy4ctol);
1. Suin') count=count+l; countsacount+l; if energy>(cenergy-etol);
dispfLogic design style9 end; end; dispf 3
Domino CMOS logic end; end; dispf 3
counrcount+l; %fimction vcrie3cp %functioo vclae 1 & energy
end; (energy}9vcrie3cp(x); [energyJ^vclac 1 fs(x); dispfArchitecture9 Carry
end; if cnergy<(cenergy+etol); if energy<(cenergy+etol); lode ahead adder 3
%fimctioo vcrleldm if energy>(cenergy-etol); if energy>(cenergy-etol); dispfChannel width9
[energy J=vcrle2dm(x); dispf 0 dispf 3 3.6um3
if energy<(cenergy+etol); dispf) dispf 3 dispfLogic design style9
if energy><cenergy-etol); energy energy Domino CMOS logic 3
dispf 3 dispfArchitecture9 Cany dispfArchitecture9 Cany count=count+l;
dispf 3 select adder 3 look ahead adder 3 end;
energy dispfChannel width9 dispfChannel width9 end;
dispfArchitecture9 Cany 6um3 1.8um*) Xfunction vclae3dm
select adder *) dispfLogic design style9 dispfLogic design style9 [energy}=vclac3dni(x);
dispfChannel width9 Complementary pass- Fully static logic 3 if energy<(ccnergy+etol);
3.6um^ transistor logic 3 count=count+l; if energy>(cenergy-etol);
dispfLogic design style9 counb=count+l; end; dispf 3
Domino CMOS logic 'I end; end; dispf 3
counF’count+l; end; %function vclaelfs energy
end; %fimction vcrieldp [energy]9vclae2fs(x); dispfArchitecture9 Cany
end; [energy}=vcrle 1 dp(x); if energy<(cenergy+etol); look ahead adder 3
%functioo vcrie3dm if energy<(ceoergy+etol); if energy>(ce ne rgy-etol); dispfChannel width9
[energyJ=vcrie3dm(x); if energy>(cenergy-etol); dispf 3 6um3
if energycfcenergy+etol); dispf 3 dispf 3 dispfLogic design style9
if energy>(cenergy-etol); dispf) energy Domino CMOS logic
dispf 3 energy dispfArchitecture9 Carry couzrt^count+l;
dispf 3 dispfArchitecture9 Cany look ahead adder 3 end;
energy select adder 3 dispfChannel width9 end;
dispf Architecture9 Cany dispfChannel width9 3.6um3 %fimctio<i vclae lep
select adder *) 1.8um3 dispfLogic design style9 [energy }=vclae 1 cp(x);
dispfChannel width9 dispfLogic design style9 Fully static logic 3 if energy<(cenergy+ctol);
6um3 Dual pass-transistor logic count=count+l; if energy >(ccnergy-etol);
dispfLogic design style9 3 end; dispf 3
Domino CMOS logic 3 countxcount+l; end; dispf 3
counfHcount+i; end; ^function vclac3fs energy
end; end; [energy }=vclac3 fs(x); dispfArchitecture9 Cany
end; %functioa vcrieldp if cnergy<(cenergy+etol); look ahead adder 3
%functioo vcrlclcp [energy]9vcrie2dp(x); if energy>(cenergy-etol); dispfChannel width9
[ energy fvcrie 1 cp(x); if cnergy<(cenergy+etol); dispf 3 1.8um3
if energy<(cenagy+etol); if energy>(cenergy-etol); dispf 3 dispfLogic design style9
if energy><cenergy-€tol); dispf 3 energy Complementary pass-
dispf) dispf 3 dispfArchitecture9 Carry tansistor logic 3
dispf 3 energy look ahead adder 3 count=count+l;

energy dispfArchitecture9 Cany dispfChannel width9 end;
dispf Architectures Cany select adder 3 6um3 end;
select adder 3 dispfChannel width9 dispfLogic design style9 Hfimction vclae2cp
dispfChannel width9 3.6um3 Fully static logic 3 (energyJ=vclae2cp(x);

l.8um3 dispfLogic design style9 count=count+l; if energy<(cenergy+etol);
dispfLogic design style9 Dual pass-transistor logic end; if energy>(cenergy-etol);
Complementary pass* 3 end; dispf 3
transistor logic 3 count^count+l; ^function vclae 1dm dispf 3
count^counf+l; end; [ energy }=vc I ae ldm(x); energy
end; end; if energy<(cenergy+etol); dispfArchitecture9 Cany
end; %function vcrie3dp if energyKcene rgy-etol); look ahead adder 3
%function vcrle2cp [energy}=vcric3dp(x); dispf 3 dispfChannel width9
[energy}=vcrie2cp(x); if energy<(cenergy+etol); dispf 3 3.6um3
if energy<(cenergy+etol); if eaergy>(cenergy-etol); energy dispfLogic design style9
if energyXccnergy-etol); dispf 3 dispfArchitecture9 Cany Complementary pass-
dispf) dispf 3 look ahead adder 3 tansistor logic 3
dispf) energy dispfChannel width9 count^count+l;
energy dispfArchitecture9 Cany 1.8um3 end;
dispfArchitecture9 Cany select adder 3 dispfLogic design style9 end;
select adder *) dispfChannel width9 Domino CMOS logic 3 %fimction vclae3cp
dispfChannel width9 6um3 count^count+l; [energy]»vcl ae3cp(x);
3.6um3 end; if energy<(cenergy+ctol);

end; if energy>(cenergy-etol);
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dispf') energy dispfLogic design style3
dispf 9 dispfArchitecture3 Cany Domino CMOS logic 9
energy skip adder 9 count°count+l;
dispfArchitecture3 Carry dispfChannel width3 end;
look ahead adder 9 L8um9 end;
dispfChannel width3 dispfLogic design style3 %function vcske3dm
6um9 Fully static logic 9 (energy}°vcske3dm{x);
dispfLogic design style3 counFreourtt+l; if energy<(cenergy+etol);
Complementary pass- end; if energy>(cenergy-etol);
tansistor logic 9 end; dispf 9
count=count+l; %function vcskelfs dispf 9
end; [energy }°vcske2fs(x); energy
end; if energy<(cenergy4etol); dispfArchitecture3 Cany
Sfunctioo vclaeldp if energy>(cenergy-etol); skip adder 9
[ energy J^clae 1 dp(x); dispf 9 dispfChannel width3
if energy<(cenergy+etol); dispf 9 6um9
if energy>(cenergy-etol); energy dispfLogic design style3
dispf 9 dispfArchitecture3 Cany Domino CMOS logic 9
dispf 9 skip adder 9 countscount+l;
energy dispfChannel width3 end;
dispf Architecture3 Cany 3.6um9 end;
look ahead adder 9 dispfLogic design style3 %function vcskelcp
dispfChannel width3 Fully static logic 9 (energy}°vcskc 1 cp(x);
l.8un>9 countacount+l; if energy<(cenergy+etol);
dispfLogic design style3 end; if energy >(cenergy-ctol);
Dual pass-tansistor logic end; dispf 9
9 %functioa vcske3ft dispf 9
count3count+l; (energy]3vcske3fs(x); energy
end; if energy<(cenergy*etol); dispfArchitecture3 Cany
end; if energy><cenergy-ctol); skip adder 9
%functioo vclaeldp dispf 9 dispfChannel width3
(energy ]°vclac2dp(x); dispf 9 l.8um9
if encrgy<( ccnergy+etol); energy dispfLogic design style3
if energy*(cenergy-etol); dispfArchitecture3 Cany Complementary pass-
dispf 9 skip adder 9 transistor logic 9
dispf 9 dispfChannel width3 count=count+l;
energy 6um9 end;
dispfArchitecture3 Carry dispfLogic design styles end;
look ahead adder 9 Fully static logic 9 %fimction vcskelcp
dispfChannel width3 counf=count+l; [energy}°vcske2cp(x);
3.6um9 end; if energy<(cenergy+etol);
dispfLogic design style3 end; if energy>(cenergy-etol);
Dual pass-tansistor logic ^function vcskeldm dispf 9
9 [energy}°vcske 1 dm(x); dispf 9
co<mr=count+l; if energy<(cenergy4ctol); energy
end; if energy>(cenergy-etol); dispfArchitecture3 Cany
end; dispf 9 skip adder 9
Sfunction vclae3dp dispf 9 dispfChannel width3
[energy }=vclae3dp(x); energy 3.6um9
if energy^cenergy+etol); dispfArchitecture3 Carry dispfLogic design style3
if energy>(cenergy-etol); skip adder 9 Complementary pass-
dispf 9 dispfChannel width3 transistor logic 9
dispf 9 L8um9 count^count+l;
energy dispfLogic design style3 end;
dispf Architecture?3 Cany Domino CMOS logic 9 end;
look ahead adder 9 counFreount+l; %function vcske3cp
dispfChannel width3 end; [energy]3vcske3cp(x);
6um9 end; ifenergy<(cenergy+etol);
dispfLogic design style3 %functioo vcskeldm if energy>(cenergy-etol);
Dini pass-tansistor logic [energy }°vcske2dm(x); dispf 9
9 if energy<(cenergy+etol); dispf 9
counr=count+l; if energy>(cenergy-etol); energy
end; dispf 9 dispfArchitecture3 Cany

end; dispf 9 skip adder 9
%function vcskelft energy dispfChannel width3
[energy }°vcske 16(x); dispfArchitecture3 Cany 6um9
if energy<(cenergy+etol); skip adder 9 dispfLogic design style3
if energy>(cenergy-etol); dispfChannel width3 Complementary pass-
dispf 9 3.6um9 transistor logic 9

dispf*) count=count+l;

end; 
end;
%function vcskeldp 
[energy }=vcskc 1 dp(x); 
if energy<(cenergy+etol); 
if energy >(cenergy-etol); 
dispf 9
dispf 9 
energy 
dispfArchitecture0 Cany 
skip adder 9 
dispfChannel width3 
I.8um9
dispfLogic design style3 
Dual pass-transistor logic 
9 
count=vount+l;
end; 
end; 
^function vcskeldp 
[energy )°vcske2dp(x); 
if eoergy<(ccnergy+etol); 
if energy>(cenergy-etol); 
dispf 9
dispf) 
energy
dispfArchitecture3 Carry 
skip adder1) 
dispfChannel width3 
3.6um9
dispfLogic design style3 
Dual pass-transistor logic 
9 
count=count+l;
end; 
end;
%function vcske3dp 
[energy}°vcske3dp(x); 
if energy<(cenergy+eto!); 
ifenergy>(cenergy-etol); 
dispf1) 
dispf 9 
energy
dispfArchitecture3 Cany 
skip adder 9 
dispfChannel width3 
6um9 
dispfLogic design style3 
Dual pass-transistor logic 
9 
count=’count+l;
end; 
end; 
Sfunction vend cits 
[energy}=vcnde 1 fs(x); 
if energy<(cencrgy+etol); 
if cncrgy>(ccnergy-etol); 
dispf 9 
dispf 9 
energy
dispfArchitecture3 
Conditional sum adder 9 
dispfChannel width3 
1.8um9
dispfLogic design style3 
Fully static logic 9 
countAcount+1;
end; 
end; 
%function vcnde2fs
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(energy] vcndclfs(x). dispf Architecture dispfChannd width
if energy" (cenergy-efol); Conditional sum adder 3 1.8um3
if energy >(aenergy-ctol); dispfChannd width- dispf 1 .ogic design style-
dupf 3 6um3 Dual pass-transistor logic
dispf”) dispfLogic design style 3
energy Domino CMOS logic 3 count-count’ 1;
dispf Architecture3 count “count*1; end;
Conditional sum adder 3 end; end;
dispfChannd width- end; “/□function vcndeldp
3.6um3 function vcndelcp [encrgy]=vcnde2dp(x);
dispfLogic design dyle3 [energy ] =vaide 1 cp<x); if energy<(ccnergy+etol);
Fully static logic 3 if cnergy<(oenergy+etol); if energy >(cenergy-etol);
diipf3 if aiergy>(oenergy-clol); dispf 3
count -count * 1; dispf 3 dispf 3
and. dispf) energy
end; energy dispf Architecture3
‘function vcnde3fs dispfArchitecture3 Conditional sum adder 3
(aiergy]=vcnde3fs(x); Conditional sum adder 3 dispfChannd width-
if cnergy^fccnergy+ctol); dispfChannd width3 3.6um3
if energy >(cenergy-etol); 1.8um3 dispfLogic design style3
dispf) dispfLogic design style3 Dual pass-transistor logic
dispf) Complementary pass­ 3
aiergy transistor logic 3 count “count * 1;
dispf Architecture3 count “count * 1; end;
Conditional sum adder') end; end;
dispfChannd width3 end; “/□function vcnde3dp
6um3 function vcnde2cp [energy ] =vcnde3dp(x);
dispfLogic design style3 [atergy]3vcnde2cp(x); if energy<(cenergy+etol);
Fully static logic 3 if energy<(cenergy+clol); if energy ><cenergy-ctol);
count “count* 1; if energy>(cenergy-etol); dispf 3
end; dispf 3 dispf 3
end; dispf3 energy
“ahmetion ven de 1dm energy dispf Anh it ecture
|energy]“vcndcldm(x); dispfArchitecture3 Conditional sum adder 3
if energy^oencrgy>etol); Conditional sum adder 3 dispfChannd width3
if energy >foonergy-ctol); dispfChannd width3 6um3
dispf 3 3.6um3 dispfLogic design style3
dispf 3 dispfLogic design style3 Dual pass-transistor logic
energy Complementary pass- 3
dispf Architecture3 transistor logic 3 count=count+l;
Conditional sum adder 3 count“count +1; end;
dispfChannd width3 end; end;
1.8um3 end; count;
dispfLogic design style3 function vcnde3cp ifcount3=0;
Domino CMOS logic 3 [cnergy]=vcnde3cp(x); dispf Adder architecture
count =count+l; if energy<(cenergy*etol); with requiredenergy
end; if enagy>(oencrgy-etol); consumption is not found.
end; dispf3 Please relax tolerance3
“function voideldm 
|energy]svcnde2dm(x); 
if energy<(ccnergy+etol), 
if energy>fcenergy-etol);
dispf 3
dispf 3
dispf Architecture3 
Conditional sum adder 3 
dispfChannd width3 
3.6um3
dispfLogic desist style3 
Domino CMOS logic 3 
oounr=counl+l;
end;
aid;
“□function vande3dm 
[energy]=vcnde3dm(x); 
if eoergy<(ccncrgy+etol); 
if energy>foaiergy-etol);
dispf 3 
dispf 3 
energy

dispf 3 
energy 
dispf Architecture3 
Conditional sum adder 3 
dispfChannd width3 
6um3
dispfLogic design style3 
Complementary pass­
transistor logic 3 
count“count+l;
end; 
end; 
function vcndeldp 
[energy]=vcndel dp(x); 
if energy<(cenergy+etol); 
if energy>(cenergy-etol);
dispf 3 
difpf3 
energy 
dispf Architecture3 
Conditional sum adder 3

end;
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FIJNCTIQN • P-

This function is called in Appendix Al. It takes the adder design as input and calculates 
the worst-case propagation delays of the given adder designs

dispCDual pass- (delay]=rca3cp(x) (delay )"cri2dm(x)
function} delay) - p( x.bx. transistor logic design else; (delay)" cr!3dm(x)
d); style?) (dclay]=rcalcp(x) end;
ifb"=l; dispC---------------------- [dclay)=rca2cp(x) daeif c==3;
di^CRipplc cany adder ------------------------- -) (delay]=rca3cp(x) dispCCotnplancntary
architecture') dispC*) end; pass-transistor logic
dispC---------------------- ifd==l; dispCDual pass- design style?)
---------*) dispf) transistor logic design dispC----------------------
dispC*) [delay }srcaldp(x) styled -------------------------
ifc~ 1; clseif d=a2; dispC---------------------- dispC*)
dispCFully static CMOS [dchy]=rca2dp(x) ------------------------- *) ifd==l;
logic design style*) elscif d° “3; dispf) dispO
dispC---------------------- [delay]" rca3dp(x) ifd==l; [delay]" crilcp(x)
-------------*) else; dispO clseif d=°2;
dispC*) (dclay)=rcaldp(x) [delay ]=rcaldp(x) [dclay)=cr!2cp(x)
ifd- = l; [dclayj"rca2dp(x) clseif d==2; dseifdn!I3;
dispO (delay)"rca3dp(x) (delay}"rca2dp(x) [dclay]=cri3cp(x)
[ delay prcal&fx) end; elaeif d""3; dac;
elscif d==2; daeif cBC0; [delay]=rca3dp(x) [dclay)=crllcp(x)
(delay ]~rca2fs(x) dispCFully static CMOS else; [dclay]=crl2cp(x)
clseif d= =3; logic design style*) [delay]-rcaldp(x) (delay)=crl3cp(x)
(delay]°rca36(x) dispC---------------------- (dday)°rca2dp(x) end;
dac; -------------*) (delayp’rcaSdpfx) daeif c==4;
(delayprcalfsfx) dispf) end; dispCDual pass-
(delay )=rca26(x) ifd="l; end; transistor logic design
[delay]" rca3fe(x) dispf) dscifb==2; style*)
end; [delay]Brcalft(x) dispCCarry select adder dispC-----------------------
dsdfc==2; elscif d=n 2; architecture’) ------------------------- -)
dispCDotnino CMOS [dclay)=rca2fe(x) dispC*)
logic design style*) clseif d**a3; ------- •) ifd"l;
dispC---------------------- [delay]- rca3fs(x) dispf) dispC*)
------- *) At- ifc=*=l; (delay]3crlldp(x)
dispC*) [ delay)" rcalfs(x) di^CFully static CMOS daeif d=“2;
ifd”l; (delayjsrea2fi(x) logic design style*) [delay]"crt2dp(x)
dispO [delay]" rca3&(x) dispC----------------------- daeif dnn3;
(delay p rca 1 dm(x) end; -------------•) (delay]°crl3dp(x)
ebdf d==2; dispCDotnino CMOS dispf) dse;
(delay)" rca2dm(x) logic design style*) ifdHBl; [ delay )"crlldp(x)
dseifd==3; dispf----------------------- dispC*) (dclay)°cri2dp(x)
(delayprca3dm(x) --------*) dispf) (delay ]®crl3dp(x)
dsJwy dispf*) (delay)=crllfs(x) end;
(delayprcaldnXx) ifd==l; clscifd==2; daeif c°=0;
[ delay)" rca2dm(x) dispf) [delay]"  crt2fe(x) dispCFully static CMOS
(delay]>rca3dm(x) (delay ]"rcaldm(x) dseifd““3; logic design style*)
end; elscif d==2; [dclay]=cri3fs(x) diapC-----------------------
daeifc®=3; [delay ]"rca2dzn(x) dse; - *)
dispCCotnplemetilary daeif d==3; [ delay ]=crilfe(x) dispO
p»M trwnriitnr logic [delay]arca3dm(x) [delay]=crl2fc(x) ifd==l;
design style*) dsc^ [delay J=cri3fe(x) dispO
dispC----------------------- [delay ]"rcaldm(x) end; [delay]"  crllft(x)
--------------------------•) (delay}=Tca2dm(x) elscif c=“ 2; daeif dss2;
dispC*) [delay ]=rca3dm(x) dispCDotnino CMOS [delay]=cri2fs(x)
ifd==l; end; logic design style*) daeif d°=3;
dispC') dispCCotnplementary dispC----------------------- [delay]acri3fs(x)
[dclay)crcalcp(x) pass-transistor logic --------*) dse;
dficif d*==2; design stylcO dispO [delay]=crllfe(x)
[delay }=rca2cp(x) dispC----------------------- ifd==l; [delay]"cri2fe(x)
dscifd="3; -------------------------*) dispC*) (delay]=crl3fs(x)
(delay]=rca3cp(x) dispO [delay]=crlldm(x) end;
dsc^ ifd==l; elscif d==2; dispCDotnino CMOS
(dclay)=rcalcp(x) dispf) [delay)= cr!2dm(x) logic design style*)
(delay)-rca2cp(x) (delay]=rcalcp(x) clseif da=3; dispC-----------------------
[delay )=rca3cp(x) clseif d==2; [delay]"crl3dm(x) --------

end; [dclay]=rca2cp(x) dse; dispO
elacif c==4; elscif d==3; (delay]-crlldm(x) ifd==l;
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dispf) end; [delay]-csk3fs(x)
|delay]=crldm(x) elscif c= 2; end;
dsdfd=,c2; diqjfDomino CMOS dispfDotnino CMOS
(delay|=cri2dm(x) bgic design style*) bgic design styb*)
dsdfd--3; di^»f---------------------- dispf----------------------
(delay|carl3dtn(x) --------•) ------- *)
dse; dispf) dispf)
[delay )scr!ldm(x) tfd==l; ifd==l;
[dday]=cri2dm(x) dispf) dispf)

[delay)-cri3dm(x) [dday)acskldm(x) (dclay]=cskldm(x)
end; dscif d=“2; dscif d“°2;
diapfCocnplctnenlary [dcL»y]=csk2dm(x) [delay]-csk2dm(x)
pass-transistor logic dscif d=n3; dscif d=cs3;
design style*) (delay]-csk3dm(x) [dclay]=csk3dm(x)
dispf---------------------- dse; else;
------------------------ (delay )°cskldm(x) (delay]=cskldm(x)
dispf*) [delay ]°csk2dm(x)
if d“= 1; (delay )scsk3dtn(x) [delay]°csk2dm(x)
dispf) end; [delay j^csUdnX x)
[delay]-crilcp(x) dscif c==3; end;
dscifd==2; dispfCotnplementary dispfComplcmentary
|delay)=cr!2cp(x) pass-transistor logic pass-transistor logic
dadfd==3; design style?) design style*)
[ delay ]=crf3cp(x) dispf---------------------- di^»f----------------------
dse; ------------------------- *) ------------------------ •)
(delay)s*cr1)cp(x) dispf) dispf*)
[delay]-cri2cp(x) ifd==l; ifd==l;
|dclay|=cri3cp(x) dispf*) dispf)
end; (delay]°csklcp(x) [delay]-csklcp(x)
dupfDual pass- elscif d==2;
transistor logic design (delay]=csk2cp(x) dsdfd==2;
aylc*) dscif d=°3; (delay]°csk2cp(x)
dispf---------------------- (delay]-csk3cp(x)
------------------------- •) dse; dscif d==3;
di^>f *) (delay ]«csklcp(x) [dclay]=c«k3cp(x)
ifd= = 1; (delay]-csk2cp(x) dse;
dispf) (delay]=csk3cp(x) [delay]-csklcp(x)
(delay]=aildp(x) end;
dscifd==2; dscif c=4; (delay]=csk2cp(x)
(delay }=cri2dp(x) dispfDual pass- (dclay]=csfc3cp(x)
dscifd=='3; transistor logic design end;
(delay }=cri3dp(x) style?) dispfDual pass-
dse*. dispf---------------------- transistor logic design
(delay }=crlldp(x) ------------------------- *) style?)

dispf) dispf-----------------------
(delay J=cri2dp(x) ifd==l; ------------------------- •)
(delay j=cri3dp(x) dispf) dispf*)
end; (dclay)=cskldp(x) ifd==l;
end; dsdf d==2; dispf)
dseifb==3; (dclay)=csk2dp(x) (dday]=cskldp(x)
dispfCany skip adder dscif d°°3; dseifdaa2;
architecture*) (dclay)=cdc3dp(x) (dehypcsk2dp(x)

dscif d==3;
--------•) (dclayj=cskldp(x) (dday]=csk3dp(x)
dispf*) (delayp’csk2dp(x) dse;
ifc==l; (dclay}»csk3dp(x) [delay J=csk 1 dp(x)
dispfFully static CMOS end;
logic design style*) dscif c“=»0; [delay]°csk2dp(x)
dispf----------------------- dispfFully static CMOS (dclay]-cdc3dp(x)
------------ •) bgic design style?) end;
dispf) dispf---------------------- end;
ifd==l; -------------•) dscifb==4;
dispf*) dispf*) dispfCany look ahead
dispf*) ifd°=l; adder architecture?)
[dclay]=csklfe(x) dispf) dispf----------------------
dscif d==2; (delay]scdcl6(x) -------------•)
(dclay]=csk2fe(x) dscif d==2; dispf*)
dseifd==3; (dclay]°csk2&(x) if c“l;
(dday]=ak3fi(x) dscif d==3; dispfFully static CMOS
dse* (delayhcdc36(x) bgb design style?)
(delay ]=csklft(x) dse; dispf-----------------------
(delay )=csk26(x) (dclay}-cakl6(x) -------------*)
[dclay]=ak3ft(x) [delayj=csk2fe(x) dispf*)

ifd==l; 
dispf) 
dispf*) 
(delay]«clalls(x) 
dscif d==2;
[delay)=ch2fe(x) 
ciseif d==3;
(dclay]=cla3&(x) 
else;
[dclay]sdal&(x) 
(delay)°cla2fii(x) 
(dclay]-cla3fs(x) 
end;
elseif c-=2;
dispfDotnino CMOS 
logic design style*) 
dispf----------------------
------- *)
dispf*) 
if d== 1; 
dispf *) 
[delay]-claldtn(x) 
dscifd1’^;
[delay)=cla2dm(x) 
dscif d=°3;
(delay]scla3<fan(x) 

else;
(dclay)=claldm(x) 
(delay]-cla2dm(x) 
[dehy]=cla3dtn(x) 
end;
dscif c=a3;
dispfCotnplementary 
pass-transistor logic 
design style?) 
dispf----------------------  
------------------------- -) 
dispf) 
ifd»»l;
dispf) 
(delay]-ctalcp(x) 
dscif d““2;
[dclay)=cla2cp(x) 
dscif d=°3;
[dclay]”cla3cp(x) 
else;

[dclayJ^chlqXx) 
[dclay]=“cla2cp(x) 
[delay]=cla3cp(x) 
end;
dscif c=”4;
dispfDual pass- 
transistor logic design 
style?) 
dispf----------------------- 
------------------------- •) 
dispf)
if d——l;
dispf) 
(dclayp*claldp(x) 
dscif daa2;
[dclay^daldpCx) 
elseif d==3;
(dclay]=cla3dp(x) 
else;
[ delay ]=claldp(x) 
(dday]=cla2dp(x) 
(dclay]=cla3dp(x) 
end;
dscif cCT0; 
dispfFully static CMOS 
logic design style*)
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dispf---------------------
------------ *)
dup(") 
ifd- = l;
dispf")
(delay)-cUl&(x) 
elaeif d“=2;
(delay ]^cla2fs(x) 
daeifdB=3;
(dclay]°cla3fs(x)

(delayf^clal&fx) 
(delay]scla2fi(x) 
(delay ]3cla3fs(x) 
end;
dispCDommo CMOS 
logic design style*) 
dispf---------------------
------- •)
dispf 1 
ifd==l;
dispC*) 
(dclayj^claldmfx) 
daeif d==2;
(delay]°cla2dm(x) 
daeif d®=3;
(delay J=cla3dm(x)

(delay]»claldm(x) 
(dday]-cla2dtn(x) 
|delay]scla3dm(x) 
end;
dispfComplenicntary 
paaa-transistor logic 
design style?) 
dispC--------------------- 

dispC’)
ifd==l;
dispC*)
| delay }=clalcp(x) 
dacifd==2;
(delay]=cla2cp(x) 
elaeif d==3;
[delay]3 da3cp(x)

(dclay]=clalcp(x) 
(delay ]3cla2cp(x) 
[delay }=cla3cp(x) 
end;
diapCDual paas- 
transstor logic design 
style?)
dispC---------------------  

dispC*) 
ifd»-l;
<t;«pC*) 
(delay )°claldp(x) 
daeif d==2;
(delayl^claldpfx) 
daeif d==3;
|delay)-cla3dp(x)

(delay Hclaldpfx) 
[delay]sela2dp(x) 
[delay )=cla3dp(x) 
end;
end;
dacifb==5;
dispCConditional sum 
adder architecture*)

dispC----------------------
-------------*)
dispC') 
ifcOTl;
dispCFully static CMOS 
logic design style*) 
dispC----------------------
-------------•)
dispC ’) 
ifdn=l;
dispC*) 
dispC*) 
(delay]acndlfi(x) 
daeif ds°2;
(delay]scnd2fi(x) 
daeif dac,3;
(delay)°cnd3&(x)

(delay]3cndlfi(x) 
[delay ]scnd2fi(x) 
[delay]scnd3fs(x) 
end;
dacifca=2;
dispCDommo CMOS 
logic design style*) 
dispC----------------------
--------*)
dispC*) 
ifdn=l;
dispC*)
(delay]3cndldm(x)

elaeif d==2;
[delay)scnd2dm(x)

dsdfd®=3;
(dclay]=cnd3dm(x) 

else;
(delay]=cndldm(x) 
(delay ]=cnd2dm(x) 
(dclay]=cnd3dm(x) 
end;
elaeif c=3;
dispfComplcmcnlary 
pasa-transistor logic 
design style*) 
dispC----------------------  
------------------------- *) 
dispC*) 
ifd°“l;
dispC*)
[delay]-end lepfx) 
daeif d==2;
(dclay}scad2cp(x) 
daeif d==3;
(delay]=cnd3cp(x) 
dae;
(delay ]scndlcp(x)

(delay }=cnd2cp(x) 
(delay]scnd3cp(x) 

end;
daeif c==4;
diapCDual paas- 
transistor logic design 
styief) 
dispC----------------------  
------------------------- -) 
dispC*) 
ifd==l;
dispC*)
(delay]3cndldp(x)

elaeif d==2;
(delay]scnd2dp(x)

daeif d'*°3;
(delay]scnd3dp(x)

(dclay)°cndldp(x) 
(delay ]°cnd2dp(x) 
(delay|scnd3dp(x) 
end;
daeif c~0;
dispfFully static CMOS 
logic design style*) 
dispC*
-------------•)
dispC*) 
ifdMl; 
dispC*) 
(delay]scndlls(x) 
daeif d"=2;
[delay ]acnd2&(x) 
daeif d==3;
(delay]=cnd3fe(x)

(delay]Ecndl&(x) 
[delay]3 cnd2&(x) 
(delay]=cnd3fe(x) 
end;
dispCDommo CMOS 
logic design style*) 
dispC----------------------  
------- •) 
dispC') 
ifdE“l;
dispC*)
(delay)-cndldm(x)

daeif d==2;
(dclay]=cnd2dm(x) 
daeif d==3;
(delay]scnd3dm(x) 

else;
[delay]scnd 1 dm(x) 
[delay]=cnd2dm(x) 
(delay]-cnd3dm(x) 
end;
dispCComplemcntary 
pass-transistor logic 
design style*) 
dispC----------------------  

dispC*) 
if d“*= 1; 
dispC*) 
(delay]Bcndlcp(x) 
daeif d==2; 
[dehyJ^ctxOcpfx) 
daeif d==3;
(delay]=cnd3cp(x) 
dae;
[dclay]=cndlcp(x) 
(dclay]=cnd2cp(x) 
(deby]-cnd3cp(x) 
end;
dispCDual pass- 
transistor logic design 
styleO
<EspC---------------------  

dispC*) 
ifd==l;
dispC*) 
(dclay]=cndldp(x)

elaeif d==2;
(delay]=cnd2dp(x) 
elaeif d==3;
(delay]-cnd3dp(x) 
else;
(delay |~cndldp(x) 
[delay] acnd2dp(x) 
(delay)°cnd3d{Xx) 
end;
end;
dadfb=“0;
dispCRipplecany adder 
architecture^)
dispC----------------------
------- *) 
ditpC*) 
ife”!;
dispCFully static CMOS 
logic design style*) 
dispC
-------------*)
dispC*) 
ifdEOl;
dispC*) 
dispC*) 
(delay]°rca)&(x) 
elaeif d-“2;
(delay)=rca2&(x) 
daeif dDE3;
(delay]srca3is(x) 
cbe;
(dclay]*:rcalfs(x) 
(dclay]=rca2fe(x) 
(delayjsrca3&(x) 
end;
daeif c=a2;
dispCDommo CMOS 
logic design style*) 
dispC----------------------
--------*)
dispC*) 
ifdaBl;
dispC*)
(dclay]=rcaldm(x) 
elaeif dsa2;
(delay]arca2dm(x) 
daeif d==3;
[delay ]3rca3dm(x) 
dug

[delay]arcaldm(x) 
(delay]°rca2dm(x) 
(dclay]=rca3dm(x) 
end;
daeif c=“3;
dispCComplemcntary 
pass trsnritfnr logic 
design style?)
dispC----------------------- 

dispC*) 
ifd==l; 
dispC*) 
(dday]°rcalcp(x) 
daeif d==2;
(dclay]=rca2cp(x) 
daeif d=a3;
(dclay]=rca3cp(x)

(dclay]=rcalcp<x) 
(dclay]=rca2cp(x) 
(delay]=rca3cp(x) 
end;
daeif c==4
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dispfDual pass- dispfDual pa®- dscifd's=3;
transistor logic design transistor logic design [delay]-crl3cp(x)
style’) styled else;

------------------------- •) ------------------------- •) [delay]=cri2cp(x)
dispf) dispf) [dclay]-cri3cp(x)
ifdaal; ifd°=l; end;
dispf) dispf) dscifct*=4
(delay]-rcaldp(x) [delay]arcaldp(x) dispfDual pass-
d»dfd=a2; dscifd==2; transistor logic design
[delay]arca2dp(x) [delay]°rca2dp(x) style1)
dsdfd==3; dscifdaa3; dispf----------------------
[delay)~rca3dp(x) [delay]arca3 dp(x) ------------------------- •)

dse; dispf)
[dclay)=rcaldp(x) [delay]3rcaldp(x) ifd~l;
[dclay]°rca2dp(x) [delay]°rca2dp(x) dispf)
(dclay]-rca3dp(x) [dclay]=rca3dp(x) [delay]scrildp(x)
end; end; dacifd==2;
ebeifce=O; end; (delay]scri2dp(x)
dispfFully static CMOS dispfCany sdcct adder dscifd“H3;
logic design style?) architecture?) [delay]-cri3dp(x)
dispf----------------------- diapf---------------------- else;
------------ ") --------•) [delay|-crlldp(x)
dispf) dispf-) [de!ay]-crl2dp(x)
ifd”l. ifc==r. [delay)-crl3dp(x)
dispf) di^ifFully static CMOS end;
(dday]-rcalfs(x) logic design style*) dseifc==O;
dsdfd==2; dispf---------------------- dispfFully static CMOS
[delay )3rca2&(x) ------------ •) logic design style")
dadfd=a3; dispf) dispf----------------------
(delay ]srca3fs(x) ifdoal; -------------")

dispf dispf-)
[ delay ]=rcalfs(x) dispf ifd==l;
[delay]=rca2fs(x) [dclay]=cril&(x) dispf)
[delay jsrca3&(x) ehdfdsa2; [delay]scri)fs(x)
end; (dchy]=cri2fc(x) clscifd==2;
dispfDomino CMOS elsctf d=°3; [delay]scr!2&(x)
logic design style?) [ delay]°cr<36(x) daeifd==3;

dsc; [delay)-crt3fs(x)
--------•) (dclay]=cril&(x) dsc;
dispf) [dclay]=cri2fe(x) (dclay]=crilfe(x)
if d’=l; [dclay]=cri3fs(x) [delay]=cri2fi(x)
dispf) end; [delay]=cri3fs(x)
[delay]-rca 1 dm(x) dscifc==2; end;
dsdfda=2; dispfDomino CMOS dispfDomino CMOS
|dclay]=rca2dm(x) logic design styled logic design style")
dseifd“=3; dispf----------------------- dispf-----------------------
[delay] - rca3dm( x) --------T --------•)
dsc; dispf 3 dispf")

[delay)°rcaldm(x) ifd==l; ifd==l;
[delayi^rcaldnXx) dispf) dispf)
(delay)arca3dm(x) [delay]-crlldm(x) [delay]scrildm(x)
end; elaeifdSB2; dscifd==2;
di^fComplementary [delay]=cri2dm(x) [delay]ccri2dm(x)
pasa-transistor logic dscifdBB3; clacifd==3;
design style') [dclay]=cri3dni(x) (delay]-crl3dm(x)
dispf---------------------- dag; else;
------------------------ •) (delay ]“cri ldm(x) [delay]“crildm(x)
dispf) (delay]3cr!2dn>(x) [<Jclay]=cri2dm(x)
ifd==l; [dclay]3crl3dm(x) (delay]3cri3dm(x)
dispf') end; end;
(dclay]=rcalcp(x) ebcif c~3; diapfCoenplemeniary
daeifd==2; dispfCompletneniary pass-transistor logic
[delay ]=rca2cp(x) pass-transistor logic design style?)
dsdfd==3; design style?) dispf----------------------
(delay]=rca3cp(x) di^pf---------------------- ------------------------ •)
dse; ------------------------- •) dispf)
[delay)=rcalcp(x) dispf) ifd==l;
[dclay]=rca2cp(x) if d==l; dispf)
[delay ]=rc*3cp(x) dispf) [delay ]=crilcp(x)
end; [dclay]=crilcp(x) dsdfd==2;

dacifd==2; [dclay]=crf2cp<x)
[dclay]=crl2cp(x) dseifd==3;

[delay]=crl3cp(x) 
dac;
[delay]scrllcp(x) 
[dclayj=crl2cp(x) 
[delay]-crBcp(x) 
end;
dispfDual pass­
transistor logic design 
style1) 
dispf----------------------  
------------------------- •) 
dispf) 
ifd==l;
dispf 'I
|delay]scrlldp(x) 
dsdfd"“2;
(delay]scr!2dp(x) 
dseifd==3;
|dclay]acri3dp(x) 
dsc;
[delay)acrlldp(x)

[delay]acrl2dp(x)
(dclay]~crl3d{Xx) 
end;
end;
dispfCany skip adder 
architecture?) 
dispf----------------------- 
------- •) 
dispf) 
ife”!;
dispfFully static CMOS 
logic design style1) 
dispf----------------------  
------------ 1 
dispf) 
ifdaal;
dispf) 
dispf) 
(dclay]=csklfe(x) 
dsdfd==2;
[delay]-csk2&(x) 
dscifdaa3;
(dclay]=ak3fe(x) 
else;
[delay]-csklfe(x)
[delay]acsk2fi(x) 
(delay]acsk3fi(x) 
end;
etodfc““2;
dispfDomtno CMOS 
logic design style’) 
dispf----------------------  
------- •) 
dispf) 
ifd=»l;
dispf)
[delay ]=cskldm(x) 
elseifdaa2;
[delay]acsk2dm(x) 
dsdfd==3;
(dclay]=csk3dm(x) 
dsc;
[delay]-cskldm(x)
[dclay]=csk2dm(x) 
[dclay]=csk3dm(x) 
end;
dsdfc==3;
dispfCoenplementaiy 
pasMransistor logic 
design style?)
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dispf---------------------- dispf---------------------- (dehy]-ckldm(x)
------------------------- •) ------------------------ •)
dispf) dispf*) (deky]=ck2dm(x)
ifd”l; ifd=Bl; [ delay[=cla3dni(x)
dispf*) dispf*) end;
[ delay)" cdc lcp(x) (dclay[Bcsklcp(x) ckeif c~3;
ekeif d= =2; ckeif d=°2; dupfComplemeniary
[delay)-csk2qXx) [ delay )°csk2cp(x) pass-transistor logic
ckeif d= =3; design style')
[dcky)ask3cp(x) ekeif dBB3; dispf----------------------
else; (deky]~csk3cp(x) ------------------------- *)
[delay )~adt)cp(x) eke; dispf)
fdclay|=csk2qXx) (dehy]=csklcp(x) ifdBnl;
[delay j~csk3cp(x) [ delay ]Bcsk2cp(x) dispf*)
end; [dehy]°csk3cp(x) (dehy]~chlcp(x)
ckeif c"4; end; ekeif d==2;
dispfDual pass- dispfDual pass- [dchyl=cla2cp(x)
transistor logic design transistor logic design dscifd==3;
style?) style?) (dehy]-cla3cp(x)
aispC-----------------------
------------------------- *) ------------------------- •) [ delay]=da lcp(x)
dispf*) dispf) (dehy[-cla2cp(x)
if d“ 1; ifdBBl; [ delay j=cla3cp(x)
dispf*) dispf) end;
[ delay )=cak I dp(x) (dehy]°cskldp(x) ekeif c==4;
ekeif d*”* 2; ekeif d=c2; dispfDual pass-
[dehy]=csk2dp(x) (deky]Bcsk2dp(x) transistor logic design
ckeif d= =3; ekeif d==3; styk?)
[delay]-csk3dp(x) [dehy]°cdc3dp(x) dispf----------------------

ebe; ------------------------- •)
else; (dekypcskldpCx) dispf’)
[delay J=csk ldp(x) [delay )°csk2dp(x) ifd==l;
(dckyj=csk2dp(x) [delay }°cdc3dp(x) dispf)
[delayj=csk3dp(x) end; [dday)-chldp(x)
end; end; ekeif d==2;
ekeif c==O; dispfCany look ahead [delay }=cla2dp(x)
dispfFully static CMOS adder architecture) ekeif d==3;
logic design style?) dispf---------------------- (dehy[3cla3dp(x)
dispf----------------------- -------------•) else;
------------ *) dispf*) (dehy)-daldp(x)
dispf’) if c“l; (dehy)=cla2dp(x)
if d= = 1; dispfFully static CMOS [deky]3cla3dp(x)
dispf*) logic design style*) end;
[dclay}°c8kl&(x) dispf---------------------- ekeif c==0;
ckeif d==2; -------------*) dispfFully static CMOS
[delay )°csk2fi(x) dispf) logic design style*)
ekeif d==3; if dM 1; dispf-----------------------
(delay )°csk3fi(x) dispf) -------------■)
dsc* dispf) dispf)
(dehy}=csklfi(x) [deky]-ckl&(x) ifd==l;
(delay )Bcak2fi(x) clscifd=“2; dispf)
[dclay)=ak3k(x) [delay ]r,cla2fs(x) (dehy]scklk(x)
end; ekeif d==3; ekeif d=“2;
dispfDotntno CMOS [dehy[~cla3fs(x) (dclayj=cla2fe(x)
logic design style*) eke; ckeif d==3;
dkpf----------------------- [delay]~clalk(x) [deky[=cla3fc(x)
--------*) [dehy]scla2fi(x) eke;
dispf) (dclay)=cla3ft(x) [delay]Bchl&(x)
ifd==l; end; [dehy]°cla2fi(x)
dispf) ekeif c^” 2; (delay}=cla3fc(x)
[ delay |=cdcldm(x) dispfDcmmo CMOS end;
ekeifd==2; logic design style*) dispfDooimo CMOS
[dclay]=cdc2dm(x) dispf----------------------- logic design style*)
ckeif d=“3; --------•) dispf—-------------------
[ delay J=csk3dm(x) dispf) --------*)
eke; ifd“=l; dispf)
[delayj=cskldm(x) dispf) ifd—l;
(dcky)=ak2dm(x) [delay )=ck ldm(x) dispf*)
[delay}=csk3dm(x) ekeif d==2; (dehy]sckldm(x)
end; [delay l^claldmfx) ekeif d==2;
dispfCdmplemeniary ekeif d==3; (delay]scla2dm(x)
pam-transirtor logic [dcky]=cla3dm(x) ekeif d==3;
design style?) eke; (deky)sda3dm(x)

else;
[dclay]=claldni(x) 
(deky]3cla2dm(x) 
[ delay f°cU3dm(x) 
end;
dispfComplcmentary 
pass-transistor logic 
design style’) 
dispf----------------------
------------------------
dispf’) 
iTd””!; 
diipf') 
(dehy]°chlcp(x) 
ckeif dc=2;
[deky)°cla2cp(x) 
ekeif d==3;
(dehyj^ckJqXx) 
eke;
(dclay[=clalcp(x)
[deky]-cla2cp(x) 
[delay J=cla3cp(x) 
end;
dispfDual pass* 
transistor logic design 
style?)
dispf----------------------  
------------------------- *) 
dispf) 
ifd==l;
dispf') 
[delay]°claldp(x) 
ekeif d==2;
[dclay[°cla2dp(x) 
ckeif d=*=3;
[delay[=cla3dp(x) 
eke;
(dehy]~ckldp(x) 
(dehy]scla2dp(x) 
[dchyj^cbGdjxx) 
end;
end;
dispfCooditional sum 
adder architecture?) 
dispf-—------------------- 
------------ *) 
dispf') 
ifc“l;
dispfFully static CMOS 
logic design style*) 
dispf---------------------
------------ *)
dispf) 
ifd=°l; 
dispf) 
dispf) 
[delay]=cndlfe(x) 
ekeif d==2;
(dehy]Bcnd2fs(x) 
ekeif d==3;
(dehy]scnd3fi(x) 
eke;
(dclay]=cndlfe(x) 
[delay|°cnd2&(x) 
[dclay}=cnd3fe(x) 
end;
ekeifc==2;
diqifDotnino CMOS 
logic design style*) 
dispf-----------------------
--------•) 
dispf) 
ifd==l;
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dispf *) dispfDual pass- else; elseif daa2;
[delay]=cndldm(x) transistor logic design [delay]=cndlfe(x) [dclay]-cnd2cp(x)
dscifd= = 2; stylcO [delayjccnd2fs(x) elseif d=a3;
[delay]-cnd2dm(x) dispf---------------------- (delay]scnd3fs(x) (delay ]’cnd3cp(x)
elseif d==3; ------------------------- *) end; dsc;
(delay ]= cnd3dnXx) dispf*) dispfDotnino CMOS (dclay]°cndlcp(x)
die; ifd=° 1; logic design style*) (delay)acnd2cp(x)
[delay )-cnd 1 dnXx) dispf*) dispf---------------------- [dday)°cnd3cp(x)
[delay]=cnd2dm(x) [delay]=cndldp(x) ------- *) end;
[delay ]=cnd3 <fan(x) ciseif d1*1^ dispf) dispfDual pass-
end; [dclay]°cnd2dp(x) ifdaBl; transistor logic design
elseif c" 3; dacifdaQ3; dispf 3 style*)
dupfCocnplcmcnlary [delay]zcnd3dp(x) [delay]=cndldnXx) dispf----------------------
pass-transistor logic else; ciseif d”=2; ------------------------- *)
design style*) [delay]°cndldp(x) [delay]=cnd2dm(x) dispf)
dispf---------------------- (dclay]°cnd2dp(x) elseif d=“3; ifd»l;
------------------------- *) [delay]“cad3dp(x) (dclay]=cnd3dm(x) dispf)
dispf) end; [dclay]scndldp(x)
ifd« 1; elseif c”0; (delay]°cndldm(x) elseif d=“2;
dispf dispfFuDy static CMOS [delay ]"cnd2dm(x) (dclay]“cnd2dp(x)
[delay]scndlcp(x) logic design style*) [delay]-cnd3dm(x) elseif d==3;
elseif d--2; dispf---------------------- end; (delay]°cnd3dp(x)
(delay]-cnd2cp<x) ------------ *) dispfComplementary else;
elseif d==3; dispf*) pass-transistor logic [delay)=cndldp(x)
[delay]’1 cnd3cp(x) ifd==l; design styled) [delay]°cnd2dp(x)
ebe* dispf) dispf---------------------- [delay ]°cnd3dp(x)
|delay]-cndlcp(x) [dclay]acnd16(x) ------------------------ *) end;
[delay)=cnd2cp(x) dseifd==2; dispf) end;
[ delay j=cnd3cp(x) [ delay ]*=cnd2fs(x) if d= =1; end;

end* elseif d=”=3; dispf)
elseif c==4; (delay)scnd3fi(x) (delay]ccndlcp(x)

FUNCTION *EP*

This function is called in Appendix Al. It takes the adder design as input and calculates 
the energy consumption per addition for the given adder

fundi on(energy)-cp(x,b 
.cj).
ifb==l;
dispfRipple carry adder 
architecture^ 
dispf----------------------- 
-------- *) 
di^X”) 
ifc=l;
dispfFully sialic CMOS 
logic design style*) 
dispf----------------- *)
dispf *) 
ifd==l;
dispf*) 
dupf) 
[energy)srcaelfs(x) 
elseif d==2;
(energy ]°rcae2ts(x) 
elseif d“n3;
(energy]srcac3£s(x) 
else;
|energy]=rcaelft(x) 
[energy j=rcae2fs(x) 
(energy]=rcae3fc(x) 
end;
elseif c-’2;
dispfDomino CMOS 
logic design style*) 
dispf---- ------------- *)
dispf*) 
ifd==l;

dispf*) 
[cnergy)Brcae I dm(x) 
elseif d°B2;
(energy]Brcae2dm(x) 
elseif d”=3;
(energy]‘zrcae3dm(x) 
dsc;
(cncrgy]=rcaeldm(x) 
[energy]BTcac2dnXx) 

(energy)srcae3dm(x) 
end;
elseifc==3; 
dispfComplementary 
pirns trmrirfnr logic 
design style*) 
dispf------------------ *)
dispf*) 
ifd—1;
dispf*) 
(cncrgy]=rcaclcp(x) 
elseif d==2;
[energy}=rcae2cp(x) 
elseif d==3;
(eaergy]srcae3cp(x)

[ energy]=rcaelcp(x) 
[ energy J=rcac2cp(x) 

(cncrgy]=rcae3cp(x) 
end;
elseif c=4;

dispfDual pass- 
transistor logic design 
styled) 
dispf------------------- *)
dispf) 
if d““l;
dispf*)
[encrgy]=rcac 1 dp(x) 
elseif d"=2;
[cncrgy]=rcac2dp(x) 
elseif d==3;
[energy J=rcac3dp(x) 
else;
[energy J=rcac I dp(x) 
(energy J=rcae2dp(x) 

(cnergy]=rcac3dp(x) 
end;
elseif c—0;
dispfFully static CMOS 
logic design style*) 
dispf--------------- *)
dispf*) 
ifd==l;
dispf*) 
(cncrgy]=rcaelfc(x) 
dseifd==2;
(cncrgy]=rcac2fs(x) 
elseif d®=3;
(cnergy]=rcae3fe(x) 
else;

[ energy]=rcaclfe(x) 
[energy ]-reac2fi(x) 
[cuergy]"rcae3fc(x) 
end; 
dispfDomino CMOS 
logic design style*) 
dispf-------------------- *)
dispf*) 
ifd-“l; 
dispf) 
(encrgy]Brcaeldm(x) 
elseif d°=2; 
(cncrgy]=rcae2dm(x) 
elseif d==3; 
(energy]=rcac3dm(x) 
else; 
(energy]=rcaeldm(x) 
[cnergy]°rcae2dnXx) 
[cnergy]“rcac3dm(x) 
end; 
dispfComplementary 
pass-transistor logic 
design style*) 
dispf------------------ *)
dispf) 
ifd==l; 
dispf*) 
(energy ]“rcaclcp(x) 
elseif d==2; 
[ energy}=rcac2cp(x)
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elscifd-=3;
)cncrgy)=rc*e3cp(x)

(energy]33 rcaelcpfx) 
(energy]** rcac2cp(x) 

[energy )**rcac3cp(x) 
end;
dispCDual pass- 
transistor logic design 
avis') 
dispf------------------ *)
dispf*) 
jfd’-i;
dispf)
[energy )=rcaeldp(x) 
eheifd= = 2, 
[energy]*3 rcae2dp(x) 
dsdfd-=3;
[ energy J=rcac3 dp( x)

[ energy]*3 rcacldp(x) 
(energy)3* rcac2dp(x) 

|cncrgy)=rcae3dp(x) 
end;

dadfb*’=2;
dispfCany adcct adder 
architecture*) 
dispf----------------------  
------- •) 
dispf') 
tfe3333!;
dispfFully static CMOS 
logic design style’) 
dispf------------------ •)
dispC') 
ifd==r.
dispn 
dispf *) 
(cnergy)acrlelfs(x) 
daeif d==2;
(energy )=crk2fs(x) 
dacif d**=3;
(energy)*3 cric3&(x)

(energy ]acrlelfs(x) 
(encrgy]acrle2fi(x) 
(energy )=cric3fe(x) 
end;
dadf c==2;
dispfDomino CMOS 
logic design style*) 
di^pf----------------- 1
dispf) 
ifd=“l;
dispf) 
(energy)-crleldm(x) 
daeif d33332;
[ energy}*3 crlc2dm(x) 
daeif d==3;
(cnergy)=cric3dm(x)

[energy]** crlcldm(x) 
(energy ]scric2dm(x) 

(cncrgy}=crk3dm(x) 
end;
daeif c=3;

pa»-<rstnsistor logic 
design style?) 
dupf<----------------- 1
dispf) 
ifd==l;

dispf) 
(cnergy)acrlelcp(x) 
daeif d““2;
(energy]scrle2cp(x) 
daeif d==3;
(energy )=crlc3cp(x) 
else;
[energy]*3 crlclcpfx) 
(energy)*3 crie2cp(x) 

[cncrgyj“crlc3cp(x) 
end; 
daeif c=4; 
dispfDual pass- 
transistor logic design 
style?) 
dispf------------------- T
dispf) 
tfd==l; 
dispf) 
(cncrgy]=crlcldp(x) 
daeif d*3** 2; 
[energy ]*3crle2dp(x) 
daeif d==3; 
(cnergy}**crlc3dp{x) 
dae; 
[energy }=>crlcldp<x) 
(energy)**crie2dp(x) 

(energy J*3 crle3dp(x) 
end; 
daeif c=0;
dispfFully static CMOS 
logic design style’) 
dispf------------------- *)
dispf’) 
ifd==l; 
dispf’) 
[ energy]** crlclfe(x) 
daeifd==2; 
(energy }*=crle2fa(x) 
elaeif d=“3; 
(energy]acrlc36(x)

(energy ]=criel&(x) 
[energy]** crie2£s(x) 
[cncrgy)=crlc3fs(x) 
end; 
dispfDomino CMOS 
logic design style1) 
dispf--------------------•)
dispf’) 
ifdaal; 
dispf) 
[energy)-crledm(x) 
daeif d==2; 
[ energy}=crlc2dm(x) 
daeif d==3; 
(energy)**crle3dm(x)

(energy}=crlcldni(x) 
(cnergy]*3cric2doa(x) 

[energy ]**crle3dnx(x) 
end; 
diapfComplementary 
pasMrxnsistor logic 
design style") 
dispf------------------ ")
dispf) 
ifd==l; 
dispf) 
(energy)3* er lclcp(x) 
daeif d==2; 
(energy)** crle2cp(x) 
daeif d==3;

(energy]*3 crlc3cp(x) 
dae;
[cnergy]acrle1cp(x) 
(cncrgy)scric2cp(x) 

(energy]*3 crlc3cp(x) 
end; 
dispfDual pass­
transistor logic design 
style?) 
dispf-------------------- •)
dispf) 
ifd==l; 
dispf) 
[energy]*3 crlcldp<x) 
daeifd*3*32; 
(energy I*3 crlc2dp(x) 
daeif d=a3; 
(energy)-crlc3dp(x) 
dae; 
[energy]** crleidp(x) 
(cncrgy]acrle2dp(x) 

[energy ]°crlc3dp(x) 
end; 
end; 
daeifb*3°3; 
diqifCany skip adder 
architecture') 
dispf------------------ *)
dispf) 
if c= 1; 
dispfFully static CMOS 
logic design style’) 
dispf------------------ •)
dispf) 
ifd==l; 
dispf) 
dispf') 
[encrgy)=cskel fe(x) 
daeif d==2; 
[ energy)*3 cskc2fs(x) 
daeif d==3; 
[energy )=cskc3fe(x) 
dec; 
[ energyj^csklfetx) 
[energy]*3 csk2fe(x) 
(energy]*3 csk3&(x) 
end; 
daeif c=2; 
dispfDomino CMOS 
logic design style?) 
dispf----------------- *)
dispf) 
ifd—1; 
dispf*) 
(energy]** cske 1 dm(x) 
dacif d==2; 
(energy]*3 cskc2dm(x) 
daeif d^S; 
[ energy}*3 cske3dm( x) 
else; 
[energy ]33 cake 1 dm( x) 
(cncrgy]=cske2dm(x) 

[energy]** cskc3dm(x) 
end;
daeif C"3; 
dispfComplemeniary 
paaa-transistor logic 
design style?) 
dispf----------------- *)
dhpf) 
ifd==l; 
dispf*) 
[energy]=cskelcp(x) 

daeifd~"2; 
[energy] 33cske2cp(x) 
daeif d==3; 
(energy )-cskc3cp(x) 
else;
(energy)-cske) cp(x) 
(energy]acske2cp(x) 

[ energy]** cskc3qj(x) 
end; 
daeif c^d; 
dispfDual pass­
transistor logic design 
style*) 
dispf------------------- *)
dispf) 
ifd*3 33 !; 
dispf) 
[cnergy)**cskeldp(x) 
daeif d**o2; 
(energy)** cskc2dp(x) 
daeif d=**3; 
[ energy)*3 cskc3dp(x) 
dae; 
[ energy]*3 cskcldp(x) 
(energy )*>cskc2dp(x) 

(energy )»cskc3dp(x) 
end; 
elseif 0=0; 
dispfFully static CMOS 
logic design style*) 
dispf----------------------  
------------ *) 
dispf) 
ifd==l; 
dispf) 
(energy ]=cskc 1 fe(x) 
daeif d*3*3 2; 
(energy)=cske2fe(x) 
daeif da=3; 
(energy)*3 cskc3fs(x) 
dae; 
(energy) **cskel&(x) 
[ energy]** cskc2fe(x) 
(energy)*3 cske3&(x) 
end; 
dispfDomino CMOS 
logic design style") 
dispf------------------ *)
dispf) 
ifd==l; 
dispf) 
[energy]*3 cakcldnXx) 
daeif dac32; 
[ energy]** cake2dnXx) 
daeif di=**3;
(encrgyJ^cskeSdnXx) 
dee;
[energy]°cskeldzn(x) 
[ energy (**cakc2dnXx) 
[energy]*3 cskc3dm(x) 
end; 
diapfComplemcntary 
paaa-transistor logic 
design style?) 
dispf------------------ *)
dispf) 
ifd==l; 
dispf) 
[energy]=cskelcp(x) 
daeif d==2; 
(energy|-cske2cp(x) 
daeif d==3; 
(cnergy)-cske3cp(x)
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else.

(energy )=cskclcp(x) 
(energy] =cskc2cp(x) 

| energy ]=cske3cp(x) 
end;
dispCDual pass- 
transistor logic design 
Uy Ie’)

dispf--------------------- ')
dispC*) 
ifd==l;
dispC 7 
[energy ]=cskcldp(x) 
elscif d==2;
|cncrgy)s=cskc2dp<x) 
clseif d==3;
(cncrgy)=<akc3dp(x) 
else;
(cncrgy]=cskcldp(x) 
| energy ] =cskc2dp( x) 

(energy) ~cske3dp(x) 
end. 
end;
elscif b*B4;
dispCCany look ahead 
adder architecture*) 
dispC------------------------- 
--------------7 
dispC*) 
if c~l;
dispCFully static CMOS 
logic design style') 
dispC--------------------- ')
dispC') 
if d’ = l.
dispC ’) 
dispC') 
(energy ]=claclfs(x) 
elscif d==2;
(energy]sclac2&(x) 
elscif d==3;
(cncrgy]=clae3fsfx) 
else;
(cncrgy]~claclfs(x) 
(cncrgy)-clae2fs(x) 
(energy J=dac3fc(x) 
end;
elscif c==2;
dispCDotnino CMOS 
logic design style*) 
dispC------------------- 7
dispC*) 
if d~= 1;
dispC*) 
(cncrgy]~claeldm(x) 
clseif d==2;
|cncrgy]~clae2dm(x) 
clseif d=3;
(energy]Bclae3dm(x) 
else;
(energy ]°clae 1 dm(x) 
(cncrgy)=clac2dm(x) 

(cnergy]=clac3dm(x) 
end;
clseif c- =3; 
dispCCotnplementary 
pass-transistor logic 
design style*) 
dispC—— ----------- -  7 
dispC*) 
if d—1;
dispC 7 
(energy ] =claclcp(x)

elscif d-=2;
(energy]Bclae2cp(x) 
elscif d==3;
(cnergy|=clae3cp(x) 
else;
(energy )=« I aclcp(x) 
(encrgy]Bclae2cp(x) 

(encrgy]=clac3cp(x) 
end;
elscif c==4;
dispCDual pass- 
transidor logic design 
style*)
dispC--------------------- 7
dispC') 
ifd“l;
dispf 7
[ energy ]=clac I dp(x) 
elscif d==2;
[cncrgy]=clac2dp(x) 
elscif d==3;
(energy)=clae3dp(x) 
else;
(cncrgy]Bclaeldp(x) 
(cncrgy]Bclac2dp(x) 
[encrgyj=clac3dp(x) 
end;
elscif c=0;
dispCFully static CMOS 
logic design style7 
dispC--------------------- 7
dispf 7 
if d=l;
dispC 7
[energy ]=clac 1 fc(x) 
clseif d=2;
(cncrgy]=sclac2fi5(x) 
elscif d==3;
(cncrgy]=‘clac3fc(x) 
else;
(encrgy]=claclfe(x) 
(cncrgy]=clae2&(x) 
(cncrgy]=clae3fe(x) 
end;
dispCDotnino CMOS 
logic design styie7 
dispC--------------------- 7
dispf 7 
if d—1;
dispf 7
(energy ]Bclae 1 dm(x)

clseif d==2;
(cnergy]=clae2dm(x) 
elscif d==3;
(encrgy]*’clac3dm(x) 
else;
[energy]=clae 1 dm(x) 
(cncrgy]=clae2dm(x) 
(cnergy]=clac3dm(x) 
end;
dispfCotnplementaiy 
pass-transistor logic 
design style7 
dispf-------------------- 7
dispf 7 
if d—1;
dispf 7 
[cncrgy]=clac 1 cp(x) 
elaeif d=2;
(energy]sclae2cp(x) 
elacif d=3;
(energy ]=clac3cp(x) 

else; 
(cncrgy]=claclcp<x) 
(energy) sclac2cp(x) 
[cncrgy]=clae3cp(x) 
end;
dispCDual pass­
transistor logic design 
slyle7 
dispC------------------ ')
dispC 7 
ifd==l; 
dispf 7 
(energy]=claeldp(x) 
clseif d==2; 
(energy]°clae2dp(x) 
clseif d==3;
(energy]=clac3dp(x) 
else;
(cnergyl^lacldpCx) 
[ energy ] =clae2dp( x) 

(energy ]=clae3dp(x) 
end; 
end;
elscif b”5; 
dispfConditional sum 
adder architecture') 
dispC------------------- 7
dispf 7 
ifc“l;
dispCFully static CMOS 
logic design style') 
dispf------------------ 7
dispf 7 
ifd==l; 
dispf') 
dispf 7 
(energy]~cndelf{(x) 
clseif d==2;
(energy)Bcnde2fs(x) 
clseif d°°3;
(energyl^cndeSfsfx) 
else; 
[ energy ]=cndelfs(x) 
(encrgy]=cndc2fs(x) 
(cnergy]-cnde3fs(x) 
end;
elaeif c==2; 
dispfDomino CMOS 
logic design style7 
dispf------------------- 7
dispf 7 
ifd—1;
dispf 7 
(energy]~cndc I dm(x) 
elscif d==2;
(encrgy]Bcnde2dm(x) 
elscif d==3;
[energy ]=cndc3dm(x) 
else;
[cncrgyj^cndeldmfx) 
(cncrgy]=cndc2dm(x) 

(energy]=cnde3dm(x) 
end;
clseif c==3; 
dispCCotnplementary 
pass-transistor logic 
design style7 
dispf-------------------- 7
dispf 7 
ifd=l;
dispf 7 
(encrgy]=cnde 1 cp(x) 
elaeif d=2;

(cnergy)Bcndc2cp(x) 
elscif d==3;
(cncrgyl-xmdc3cp(x) 
else;
[energy ] =cndc lcp(x) 
(energy] °cnde2cp(x) 

(cncrgyj^cndeScfXx) 
end;
elaeif c=°4;
dispfDual pass­
transistor logic design 
style7 
dispf------------------- ')
dispf 7 
ifd==l;
dispf 7
(energy p'ende 1 dp(x) 
clseif d==2;
(encrgy]=cndc2dp(x) 
clseif dB=3;
(energy]~cnde3dp(x) 
else;
(encigy]ccndc ldp(x) 
(energy]Bcnde2dp(x) 

(cncrgy]=cndc3dp(x) 
end;
clseif c==0;
dispCFully static CMOS 
logic design stylc7 
dispf------------------7
dispf 7 
if d==l;
dispf 7 
[cnergy]~cnde 1 fs(x) 
clseif d=2;
(cncrgy]=cndc2fs(x) 
elscif d~3;
(cncrgy]=cndc3fs(x) 
else;
(encrgy]“cndc 1 fs(x) 
(cncrgy]=cndc2fs(x) 
(cnergy]=cnde3fs(x) 
end;
dispfDomino CMOS 
logic design style') 
dispf-------------------- 7
dispf 7 
if dMl;
dispf 7 
(cncrgy]=cndc 1 dm(x) 
elaeif d=c2;
(cncrgy]=cndc2dni(x) 
elscif d==3;
(cncrgy]=cndc3dm(x) 
else;
(encrgy]“cndc 1 dm(x) 
(encrgy]=cnde2dm(x) 

(energy]=cnde3dm(x) 
end;
dispfComplemcntaiy 
pas»-transistor logic 
design style7 
dispf------------------------- 
---------------------------7 
dispf 7 
ifd==l; 
dispf 7 
(cncrgy]=cndc 1 cp(x) 
elaeif d=2;
[ energy ]=cnde2cp(x) 
clseif d=3;
(encrgy]=cndc3cp(x) 
else;
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(energy)-cndelcp(x) 
[ energy ]=cndc2cp(x) 

| energy )=cndc3cp(x) 
end;
dupfDual pass- 
transidor logic design 
style’) 
dispf------------------------ *)

dispf’) 
if d~ = I; 
dispf’) 
(cnagy]33 code 1 dp( x) 
dscif d==2;
[energy]3-cndc2dp<x) 
dscif d==3;
[energy ]°cndc3dp(x) 
die, 
[energy] ~ ende 1 dp(x) 
[energy |=cndc2dp(x) 

[cnagy)->cndc3dp(x) 
end; 
end; 
dscif b^^O;
dispfRippk carry adder 
archilnrture') 
dispf--------------- ')
dispf) 
if c=c 1;
dispfFully italic CMOS 
logic design style*) 
dispf----------------- *)
dispf) 
if d—= 1; 
dispf') 
dispf') 
[energy]37 read fc(x) 
dscif d==2; 
[energy)-rcac26(x) 
dscif d==3; 
(encrgy]=rcac3fe(x) 
dse; 
(cncrgy]=rcaclfe(x) 
[cnergy)*rcae2fi(x) 
(cncrgy]ercae3&(x) 
end;
dscif c==2;
dispfDotnino CMOS 
logic design style*) 
dispf-------------------•)
dispf) 
ifd““l; 
dispf) 
(energy jsrcac I dotn(x) 
dscif d==2; 
[cncrgy)=rcac2dm(x) 
dscif d==3; 
[energy }=rcac3dm(x)

(cnergy]srcaeldm(x) 
[ energy]33rcac2dm(x) 

[energy )=rcac3dn>(x) 
end;
dscif c==3;
diapfComplanenlary 
paa trmmstrr logic 
design style*) 
dispf—---------------- *)
dirpf) 
ifd==l;
dispf) 
(energy ]= rcae 1 cp(x) 
dseifd==2;
[energy ]=rcae2cp(x)

dsdfd*"3; 
(encrgy]=rcac3cp(x)

[energy ]°rcaelcp(x) 
(energy )srcac2cp(x) 
(energy]3-rcac3cp(x) 
end; 
elseif ccc4 
dispfDual paso- 
traasislor logic design 
style*) 
dispf---------------- *)
dispf) 
ifd=°l; 
dispf*) 
[energy Jsrcac 1 dp(x) 
elscif d==2; 
(encrgy]srcac2dp(x) 
elseif d==3; 
(cncrgy]=rcac3dp(x) 
else; 
[cncrgy]=rcacldp(x) 
[cncrgy]=rcac2dp(x) 

[energy ]~rcac3dp(x) 
end; 
dscif c==O; 
dispfFully static CMOS 
logic design style*) 
dispf--------------- *)
dispf) 
ifd==l; 
dispf) 
[ energy ]^rcaclfe<x) 
dscifd==2; 
[ energy]31 rcac2fc(x) 
dscif d==3; 
(cncrgy]=rcac3fc(x) 
dse; 
[ energy]=rcaelfe(x) 
[cncrgy]=rcac2fe(x) 
[cncrgy]=rcac3fe(x) 
end; 
dispfDotnino CMOS 
logic design style*) 
dispf------------------- *)
dispf) 
if d==l; 
dispf) 
[energy ]-rcae 1 dm(x) 
dscif d==2; 
(energy]33 rcac2dm(x) 
dscif d==3; 
[etjcrgy]=rcac3dni(x)

[encrgy]=rcaeldm(x) 
(energyj^rvaeldn^x) 

[ energy ]xTcac3dm(x) 
end; 
dispCComplcmcnlary 
pm trnnihtnr logic 
design style*) 
dispf------------------ *)
dispf) 
ifd==l; 
dispf*) 
[cncrgy]=rcaclcp(x) 
dscif d=“2; 
[energy J“rcac2cp<x) 
elseif d==3; 
[energy ]=rcac3cp(x) 
else; 
(cnergy]=rcaelcp(x) 
[cncrgy]=rcac2cp(x)

[ energy |*rcac3cp(x) 
end; 
dispfDual pass- 
transistor logic design 
style’) 
dispf------------------- *)
dispf) 
ifd=“ 1; 
dispf) 
(energy ]=rcaeldp(x) 
dscif d=“2; 
(cncrgy]=rcac2dp(x)

elseif d"=3;
[ energy )=rcae3dp(x) 
dse;
[ energy ]=rcaeldp(x) 
[energy ]=rcae2dp(x) 
(encrgy]-rcac3dp(x) 
end; 
end;
dispfCany sded adder 
architecture') 
dispf------------------ *)
dispf) 
ifc=l;
dispfFully static CMOS 
logic design style*) 
dispf------------------- *)
dispf) 
ifd==l; 
dispf*) 
dispf) 
[eDagy]Bcrlell3(x) 
dscif d°“2;
[ energy ]=erIe2fs(x) 
dscifd==3;
(encrgy]=crle3fs(x) 
dse; 
[energy]=crlelfs(x) 
[cnergyj=crle2fs(x) 
[energy]33 erJc3fc(x) 
end; 
dscif c==2; 
dispfDomino CMOS 
logic design style*) 
dispf----------------------  
------- •) 
dispf) 
ifd==l; 
dispf) 
[energy]=crlc 1 dm(x) 
dscif d==2; 
[energy]13 erIc2dm(x) 
elscif d“=3; 
[ energy]=crlc3dm(x) 
dse; 
[energy }= er lei dm(x) 
[energy]scrle2dni(x) 
(cnetgy]scrle3dm(x) 
end; 
dscif c==3; 
dispfCotnplementary 
pass tranrififnr logic 
design styled 
dispf-------------------- *)
dispf) 
ifd“l; 
dispf) 
[encrgy]=crlclcp(x) 
elseif d==2; 
[energy]=crlc2cp(x) 
dscif d==3;

[energy]3 er Ie3cp(x) 
else;

[cnergy]acrlclcp(x) 
[ energy ]scrle2cp(x) 

[cncrgy]°crle3cp(x) 
end;
dscifc':=4; 
dispfDual pass- 
transisior logic design 
styled 
dispf----------------- *)
dispf) 
ifd=Bl; 
dispf) 
(energy]°crleldp(x) 
elscif d==2;
[encrgy)Iscrle2dp(x) 
dsdfd°B3;
[cncrgy]°crle3dp(x)

[energy ]-crleldp(x) 
(energy ]=cric2dp(x) 

(energy]ccrle3dp(x) 
end;
dseife^O; 
dispfFully static CMOS 
logic design style*) 
dispf-------------------- *)
dispf) 
ifd==l; 
dispf) 
[energy]ca-|clfc(x) 
elseif d==2;
(encrgyJ^crleZfsfx) 
dscif d*=a3;
[energy]33 er lc3ft(x) 
dse;
[cncrgy]=crlclfs(x) 
(cncrgyj~crle2fs(x) 
(energy]=crle3ft(x) 
end; 
diqjfDomino CMOS 
logic design style*) 
dispf----------------- *)
dispf) 
ifda=l; 
dispf) 
[energy]33 er Ie ldm(x) 
elseif d==2; 
[cnergy]=crlc2dni(x) 
elseif d1”^; 
[cncrgy]=crlc3dm(x) 
else; 
[enagy]scrleldin(x) 
[ energy }=crlc2dm(x) 

[energy]-crle3dm(x) 
end; 
dispfComplctnenlary 
pass-transistor logic 
design stylcO 
dispf------------------ ’I
dispf) 
ifd==l; 
dispf) 
[cncrgy]=crlclcp(x) 
elseif d==2; 
(energy]-=crle2cp(x)

dscif d==3;
(energy ]=crle3cp(x) 
else;
[ energy}=crlclcp(x) 
[encrgy]=crie2cp(x)
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|cncrgy|-crle3cp(x) 
end;
dxipCDual pass- 
transistor logic design 
style') 
dispf------------------ •)
dispf’) 
jfd»"l;
diipn 
[cnergy)=cricldp(x) 
dscif d==2;
(energy er Ic2dp(x) 
dscifd==3;
(encrgy|=crlc3dp<x) 
dac.

(cncrgyj-crleldp(x) 
(energy )=cric2dp(x) 

[cncrgy)=crlc3dp<x) 
end;
end;

dispfCany skip adder 
archilcctaTe<) 
dispf-------------------- 3
dispf3 
if c”=l;
di^fFuDy static CMOS 
logic design styie3 
dispf---------------------3
di^f) 
ifd==l;
dispf) 
dispf) 
(energy )=cskel&(x) 
ebcifd=-2;
[energy]-cske2&(x) 
ebetfdc=3;
[cnergy]-cske36(x)

[encrgy^cdcel&tx) 
(encrgy]=cskc2fe(x) 
(cncrgyj=cskc3&(x) 
end;
dscif c“ 2; 
dispfDomtno CMOS 
logic design style') 
dispf------------------3
dispf 3 
ifd==l;
dispf) 
[energy ]=cakeldm(x) 
ebdfd==2;
[energy]*'cake2dm(x) 
dscif d=a3;
[ energy )~c«ke3dm(x)

[cncrgy)scslce I dm(x) 
(cncrgy]=cskc2dm(x) 
[energy J"csfce3dm(x) 
end;
dscif c-=3; 
dbpfComplemcnlsry 
pin tnnrisfnr logic 
design styled 
dispf-------------------- •)
dispf 3 
ifd-=l;
dispf 3 
[energy |=cdce I cp(x) 
elsdfdac2;
[ energyJ-cskc2cp(x) 
dscif d==3;
Jenergy[=cskc3cp(x)

[encrgy)=cskclcp(x) 
[cno-gy)=cskc2cp(x) 

[energy]=cske3cp(x) 
end;
elscifc==4;
dispfDual pass- 
transistor logic design 
ttyi«n 
dispf------------------- 3
dispf) 
ifd°=l; 
dispf 3 
[cnergy^cskeldpfx) 
dscif d= *=2; 
(cncrgy]=cskc2dp(x) 
dscif d==3; 
(encrgy)°cske3dp(x)

[cncrgyj=cskc I dp(x) 
[energy)°cske2dp(x) 

[cacrgy]=cskc3dp(x) 
end; 
dscif c=0;
dispfFully static CMOS 
logic design style*) 
dispf------------------- 3
dispfT 
ifd»»l; 
dispf) 
[encrgy)scskelft(x) 
dscif das2; 
[energy J=cskc2fe(x) 
dscif d==3; 
[cncrgy]=akc3fc(x) 
else; 
JcDtrgy)=cskcl fc(x) 
[energy)=cske2fs(x) 
[ energy j=cske3fc(x) 
end; 
dispfDomino CMOS 
logic design style*) 
dispf------------------- 3
dispf 3 
ifd==l; 
dispf) 
[energy]=cskel dtn(x) 
dscif d==2;
[energyJ=cskc2dnXx) 
dscif d=*=3;
[cnergy]scske3dm(x) 
dsc; 
[energyJ=cskcl dm(x) 
[energy]Bcske2dm(x) 

[ energy}^cske3dm(x) 
end; 
dispfComplcmeniary 
pass-transistor logic 
design style*) 
dispf------------------ 3
di^f) 
ifd=al; 
dispf 3 
[encrgy]acskelcp(x) 
dseifdss2; 
[cncrgy)=c8kc2cp(x) 
dscif d==3; 
[energy]~cske3cp(x) 
dsc; 
(energy]acskelcp(x) 
[energy J°cskc2cp(x) 

[energy|=c8ke3cp(x) 
end;

dispfDual pass- 
transistor logic design 
style*) 
dispf-------------------- 3
dispf*) 
ifd=“l;
di^>f 3 
[energy [=cske I dp(x) 
dscif daa2;
[energy J=cskc2dp(x) 
dseifd==3;
(energy)scskc3dp(x) 
dse;
|energy)°cskcldp(x) 
[cnergyj=cske2dp(x) 
(energyj-cske3dp(x) 
end; 
end;
dispfCany look ahead 
adder architecture*) 
dispf------------------ 3
dispf*) 
ifc=l;
dispfFully static CMOS 
logic design style*) 
dispf------------------ *)
dispf) 
ifd==l;
dispf) 
dispf*) 
(energy ]=dacl fs(x) 
dseifd==2;
(energy)~dae2ls(x) 
dscif d==3;
[energy)-dae3fs(x) 
else;
(encrgy)=daclfs(x) 
[encrgy]=dac2fc(x) 
[enagyj~dae3fs(x) 
end;
dscif c==2; 
dispfDomino CMOS 
logic design style*) 
dispf------------------ *)
dispf 3 
ifd==l;
dispf 3 
[energy J=dae 1 dm(x) 
dscif d==2;
(enogy)sdae2din(x) 
dscif d==3;
[energy)sdae3dm(x) 
dsc;
[enogy]=claeldm(x) 
[energy]=dae2dni(x) 
[energy]°dae3dm(x) 
end; 
dscif cra3;
dispfComplementary 
pass-transistor logic 
design style?) 
dispf----------------- 3
dispf 3 
ifd==l;
dispf 3 
(cncrgyj=daelcp(x) 
dseifd==2;
[encrgy]=dae2cp(x) 
dscif d==3;
[ energyJ=dac3cp(x) 
dse;
(energy]3daelcp(x) 
(energy]=dae2cp(x)

(cncrgy|=dac3cp(x) 
end;
dscifc==4;
dispfDual pass- 
transistor logic design 
stylc3 
dispf-------------------- 3
dispf 3 
ifd=Hl; 
dispf 3 
(encrgy]~daeldp(x) 
dscif d==2;
[energy )=dae2dp(x) 
dscif d==3;
(energy|=dae3dp(x) 
else;
[cnergy]Edaeldp(x) 
(cncrgy]=d*e2dp(x) 

(energyl^daeSdptx) 
end; 
dscif c==0;
dispfFully static CMOS 
logic design style3 
dispf----------------- 3
dispf *) 
ifd”°l; 
dispf) 
[ energy dac lfe(x) 
dscif d==2; 
[energy)=dae2fs(x) 
dscif d==3; 
(energy)-dac3fs(x) 
dse; 
[energy]=daelfs(x) 
[encrgy[-dae2fs(x) 
[cnagy]x,dae3fs(x) 
end;
dispfDomino CMOS 
logic design style3 
diqtf-------------------- 3
dispf 3 
ifdD=l; 
dispf 3 
[cnergy]=dae 1 dm(x) 
dscif d==2;
[energy[SIdae2dm(x) 
dscif d==3; 
(energyj=dae3dm(x) 
else; 
[cncrgy]=dacldm(x) 
[energy]adae2dm(x) 

(cncrgy]”dac3dm(x) 
end; 
dispfComplementary 
pasa-transistor logic 
design stylc3 
dispf----------------- 3
dispf 3 
ifd~l; 
dispf 3 
[ energy [=daclcp(x) 
dscif d==2; 
[energy]=dae2cp(x) 
dscif d==3; 
(energy]=dae3cp(x) 
dse; 
[energy]=daelcp(x) 
[energy }=dac2cp(x) 

[encrgy]sdae3cp(x) 
end; 
dispfDual pass- 
transistor logic design 
stykf)
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dispf------------------ ')
dispf*) 
tfd- = k 
dispf^ 
(energy)- dae I dp< x) 
daeif d==2;
(encrgy)-dae2dp(x) 
daeif d= =3;
(cncrgy]=dae3dp(x) 
dae;
| energy)^dacldp(x) 
(encrgy)sdac2dp(x) 

(energy )=clac3dp(x) 
end;
end; 
dispfCondhional sum 
adder architecture*) 
dispf------------------ *)
dispf*) 
if c””!;
dispCFully static CMOS 
logic design style") 
dispf----------------- *)
dispf) 
ifd=3l;
dispf*) 
dispf') 
[energy)-cndelfisfx) 
elaeif d=o2;
| energy) ccndc2fi( x) 
daeif d“a3;
[energy J3 cndc3 6(x) 
dae;
(encrgy]=cndclfe(x) 
(energy]=cndc2fi(x) 
[energy)3 cnde3 ft(x) 
end;
daeif c33 2; 
di^tfDomino CMOS 
logic design style*) 
dispf------------------*)
dxspf*) 
ifd==l;
dispf) 
(energy }=cn de I dm(x) 
daeif d==2;
(encrgy)3cnde2dm(x) 
daeif d=33;
(energy )=cnde3dm(x)

(energy J-cndcldnXx) 
(energy)3cnde2dm(x) 

(cnergy)3cnde3dm(x)

daeif c==3; 
diapfComplementary 
P»m trimri rlnr logic 
design style*) 
dispf------------------ *)
dispf*) 
ifd==l; 
dispf*) 
(cnergy]~cnde)cp(x) 
daeif d=®2;
[ energy )=cndc2ep(x) 
daeif d=”3;
[energy J=cndc3cp(x)

(cncrgy]=cndclcp(x) 
(energy J=cnde2cp(x) 

(energy)~ cnde3cp(x) 
end; 
elaeif c=-4;

dispfDual pass- 
transistor logic design 
style*) 
dispf-------------------- *)
dispf) 
ifd==l; 
dispf *) 
(cnagy]3cndeldp(x) 
daeif d»=2;
(energy ]-cndc2dp(x) 
daeif d==3;
[energy J3cnde3dp(x)

dae; 
[ energy)=cn de ldp(x)

(cnergy]~cnde2dp(x) 
(encrgy)=cndc3dp(x) 
end;
daeif c=O;
dispCFully static CMOS 
logic design Btylc*) 
di^jf-------------------- *)
dispf) 
if efIB= 1;
dispf) 
[cncrgy]scndel £(x) 
daeif d==2;
(cncrgy]=cndc2fs(x) 
elaeif d»=3;
(cncrgy]°cnde36(x) 
doc;
(energy }=cndcl 6(x) 
(cnergy]°cnde2&(x) 
(cne^gy]scndc3fi(x) 
end;
dispfDommo CMOS 
logic design style*) 
dispC----------------------  
--------3 
dispf) 
ifd==l;
dispC) 
(energy^ende 1 dm(x) 
daeif d==2;
[encrgy)=aide2dm(x) 
dscifd=33;
[energy)=cndc3dm(x) 
dsc;
(enagyp’cndeldnXx) 
(encrgy]3cnde2dm(x) 
(energy )”cnde3dm(x) 
end; 
dispCComplementary 
pass-transistor logic 
design styled 
dispC------------------- *)
dispC*) 
ifd®=l; 
dispC*) 
(energy )=cndclcp(x) 
daeif d==2; 
(energy]3cnde2cp(x) 
daeif d==3; 
(encrgy}=cndc3cp(x) 
dae; 
(enogyJ^cndclcpU) 
[energyhcndc2cp<x) 

(cncrgy]=cnde3cp(x) 
end; 
dispCDual pass­
transistor logic design 
styled

dispf----------------- ’)
dispf) 
ifd=“l; 
dispC*) 
(energy )3cndcldp(x) 
daeif d°=2;
(cnergy]=cnde2dp(x) 
daeif d°=3;
(encrgy]=cndc3dp(x) 
dsc;

(encrgy)=cndcldp(x) 
(energy )=aide2dp(x) 
(energy]°cnde3dp(x) 
end;
mH’ 
end;
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APPENDIXA3

Functions for worst-case propagation-delay calculations

These functions are called in main functions ‘P’ and ‘DELSIM’ listed in Appendix A2 and 

are used to compute the values of worst-case propagation-delay using the quadratic fits to

the available data points.

function [delay] =da 1 dp(x) dispf') transistor logic .tn
format; dispfPropagalion Delay seconds, is•)
delays IE-9)*(- for cany look ahead adder
0.0039*k’2 * 0.6965’x - (W=3.6um) Dual pass- fundi on[delay]=cla3qj(x)
5.2802); transistor logic .in format;
dispf •) seconds, is*) delay=(le-9)*( -
dupfPropagation Delay 0.0018+ 0.2517*x *
for cany look ahead adder function[delay]=da2cp(x) 2.182);
(W-1 .Sum) Dual pass­ format; dispf 5
transistor logic, in deiay=(le-9)*(- dispfPropagalion Delay
seconds, is*) 0.0022*xA2 + 0.3414*x + for cany look ahead adder

2.1914); (W=6um)
function(delay]°cia 1 cp(x) dispf) Complementary pass­
format. dispfPropagalion Delay transistor logic .in
delays 1 E-9)*( - for carry look ahead adder seconds, is1)
O.OO25*x 1 * 0.4696’x * (W°3.6um)
3.1045); Complementary pass­ function(dday]=da3dm(x
dispf) transistor logic ,in )
dispfPropagalion Delay seconds, is*) formal;
for carry look ahead adder delay(lo-9)*( -
(W=1.8um) function[dday]=da2dm(x 0.001’x^+ 0.224 l»x +
Coop Icmcnlary pass- ) 3.1704);
transistor logic .in format; dispf)
seconds, is dday=(lo-9)*( - dispfPropagalion Delay

0.001 •x^ + 0.2705*x + for cany look ahead adder
function [delay] =da 1 dm( x 3.6276); (W“6um) Domino CMOS
) dispf) logic .in seconds, is *)
format; dispfPropagalion Delay
delay (le-9)*(- for cany look ahead adder function[dday]“da3fe(x)
0.0004*xA2 * 0.3612’x * (W=3.6um) Domino format;
4.9329); CMOS logic .in seconds. dday=(le-9)*( -
dispf) isO O.OOl’x^ + 0.1605*x +
dtspfPrapagalian Delay 2.2151);
for carry look ahead adder function[delay]csda2fs(x) dispf)
(W= 1 .Sum) Domino formal; dispfPropagalion Delay
CMOS logic .tn seconds. dday=(le-9)*( - for cany look ahead adder
is*) 0.0014* x^ + 0.2136*x + (W=6um) fully sialic

2.3761); CMOS logic .in seconds.
funclion[delay]=cla 1 fs(x) dispf) is1)
formal; dispfPropagation Delay
delays 1 e-9 )•(- for cany look ahead adder function[dday]=cnd 1 dp(x
0.0018’x^2 + 0.2894*x + (W“3.6um) fully static )
3.0251); CMOS logic ,tn seconds. format;
dispf*) is') dday= (le-9)*(
dispfPropagalion Delay 0.0032*xA2 + 0.232 l*x +
for carry look ahead adder function (delay]s=cla3dp<x) 3.0929);
(W= 1.8um) fully static formal; dispf')
CMOS logic .in seconds. dehy=<lE-9)*( - dispfPropagalion Delay
is*) 0.003*x^ + 0.4297*x + for conditional sum adder

3.4873); (W^l.Sum) Dual pass­
function (delayJ=da2dp(x) dispf) transistor logic .in
format; dispfPropagalion Delay seconds, is")
delays I E-9)*( - for cany look ahead adder function[dday]°*cnd 1 cp(x
0.0034*xz2*0.5142*x- (W=6um) Dual pass- )
4.0016); format;

dday=(le- 
9)*(0.0047*xA2 + 
0.318*x + 1.7206);
dispf)
dispfPropagalion Delay 
for conditional sum adder
(W=1.8um) 
Complementary pass- 
transistor logic .in 
seconds, is*)

function[delay]scndldm( 
x)
format;
dday=(le-9)*(
0.0053’xA2 + 0.4667*x - 
2.4002);
dispf) 
dispfPropagalion Delay 
for conditional sum adder 
(W= 1.8um) Domino 
CMOS logjc .in seconds, 
is')

functionfdelayj^cnd I fs( x) 
formal;
dday=(le-9)*( 
O.OO51,xA2+ 0.6163‘x + 
1.3739);
dispf) 
dispfPropagalion Delay 
for conditional sum adder 
(W« I .Sum) fully static 
CMOS logic ,in seconds, 
is1)

function[dday]acnd2dp(x 
)
format;
delays (le-9)*(
0.0013exA2 + 0.1664*x + 
2.1533);
dispf •) 
dispfPropagalion Delay 
for conditional sum adder 
(W=3.6um) Dual pass- 
transistor logic ,in 
seconds, is1)

fundi cn[delay]:=cnd2cp(x 
)
format;
delays le-9)*(
0.0024*xA2 + 0.2133’x + 
1.2993);
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dispC3 (W=6um) Domino CMOS dispf) function[dday)°crl3dm(x
dispCPropagation Delay logic .in seconds, is 3 dispCPropagation Delay )
for conditional sum adder for carry select adder format;
(W-3 6um) fundi cn[dday]=cnd3fs(x) (W»3.6um) Dual pass­ dday=(le-
Complementary pass- format; transistor CMOS logic .in 9)*(0.0041*x'2 ’
transistor logic .in dday={le-9)‘( seconds, is 3 0.3115*x + 3.5145);
seconds, is 3 O.OOlS’x^ + 0.2995’x - dispf)

1.8743); fundi on(dday]=cri2cp(x) dispCPropagation Dday
function [ delay] =cnd2dm( dispC3 formal; for cany sded adder
x) dispCPropagation Delay dday=(le- (W=6um) Domino CMOS
format; for condiional sum adder 9)*(0.0005*xA2 + logic ,m seconds, is 3
dday=()o-9)*( (W=6um) fully static 0.4706’x + 0.479);
0.0023*x‘2 - 0.3317’x * CMOS logic .in seconds. diq>f) function(dday] =cri3 ft(x)
2.0451); is1) dispCPropagation Dday formal;
dispf-) for carry sded adder dday=(le-9)*
dispCPropagation Delay fundion(delay]=ari 1 dpfx) (W=3.6um) (0.00 Id’x^ + 0.2826*x
for conditional sum adder format; Complementary pass­ + 1.3547);
(W“3.6um) Domino dday=(le-9)*( transistor CMOS logic .in dispf 3
CMOS logic .in seconds. 0.0071 ’x^ + 0.5958*x * seconds, is 3 dispCPropagation Dday
is3 3.2529); for carry sded adder

dispf 3 function(ddav]-cri2dm(x (W=6um) fully static
functicnldeiayl^aidlfstx) dispCPropagation Dday ) CMOS logic .in seconds.
format; for cany select adder format; is 3
dday=( 1 e-9)’( (W=1.8um) Dual pass­ dday=(le-9)*(
0.0023'x'! • 0.4373’x * transistor CMOS logic .in 0.0064*xA2 * 0.3635’x - function [dday ] ^csk I dp(x
1.4593); seconds, is*) 3.8553); )
dispf”) dispf 3 format;
dispCPropagation Delay functicn[dday]=crl 1 epfx) dispCPropagation Dday dday=(le-9)*(
for conditional sum adder formal; for carry sded adder O.OOOS’x^ + 0.9942*x +
(W=3.6um) fully static delays le-9)*( (W=3.6um) Domino 4.4639);
CMOS logic ,in seconds. 0.0068*x*2 + 0.4267’x + CMOS logic .in seconds. dispf)
is') 2.056); is3 dispCPropagation Dday

dispf) for cany skip adder
funclion|dday]-aid3dp(x dispCPropagation Delay fundion[dday]=crl2fs(x) (W^1.8um) Dual pass­
) for cany select adder format; transistor logic ,in
formal; (W»1.8um) dday=(le-9)*( seconds, is 3
dday= (le-9)*( Complementary pass­ 0.001 l*x*2 +0.4097*x +
0.0009,x'2 *0.135’x + transistor CMOS logic ,in 0.9759); fundicn[dday]=H3k I cp(x
1.9635/, seconds, is*) dispf) )
dispf’) dispCPropagation Dday format;
dispCPropagation Delay function[dday]=cri 1 dm(x for carry sded adder dday^lo-9)*(
for conditional sum adder ) (W«3.6um) fully static 0.0036’x^ + 0.634’x +
(W=6um) Dual pass- formal; CMOS logic ,in seconds. 3.3071);
transistor logic .in dday=(lo-9r( i«3 dispC3
seconds, is') O.OHd^ + 0.448*x * dispCPropagation Dday

5.2392/, function (dday]=crl3dp(x) for carry skip adder
function (delay ] =cnd3cp(x dispf) format; (W=1.8um)

) dispCPropagation Delay dday=(le-9)*( Complementary pass-
formal; for carry sded adder 0.0023+ 0.3514*x + transistor logic ,m
delay=<le-9)’( (W=1.8um) Domino 2.481); seconds, is 3
0.0007*xA2 + 0.2376‘x * CMOS logic ,in seconds. dispf 3

fundionfddayl^cskldmf0.8413/. “3 dispCPropagation Dday
dispO for carry sded adder x)
dispCPropagation Delay fundicn[dday]=ci1 1 fs(x) (W=6um) Dual pass­ format;
for conditional sum adder formal; transistor CMOS logic .tn dday=(le-9)*( O.OO2*xA2
(W=6um) delays 1 e-9 )*( seconds, is 3 + 0.7902*x + 5.9333);
Complementary pass- 0.0021*x~2+ 0.6046*x- dispf 3
transistor logic ,m 0.7063/, functicn[dday]=crl3cp(x) dispCPropagation Dday
seconds, is*) dispf) format; for carry skip adder

dispCPropagation Delay dday=(le- (W=1.8um) Domino
fitncuon(defay]=cnd3dm( for cany select adder 9)*(0.0016*x'2 + CMOS logic ,in seconds.

x) (W=1.8um) fully static 0.2942*x + 1.2373); is3
formal; CMOS logic ,in seconds. dispf 3
delays lo9)‘( is1) dispCPropagation Dday functicn[dday]=csk 1 fs(x)
0.0015*x"2 + O.2556*x + for carry sded adder format;
1.9651/. function[dday]=cri2dp(x) (W=6um) dday=(le-9)*(
dispO formal; Complementary pass­ O.OOO/’x^ + 0.4859ex +
dispCPropagation Delay delays le-9)*( transistor CMOS logic ,m 3.162X
for conditional sum adder 0.0038*xA2 + 0.406l*x + 

2.838/,
seconds, ts 3 dispf)
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dispCPropagation Delay dispCPropagation Dday (W=1.8um)
for cany’skip for cany skip adder Complementary pass­
adderf 1Sum) fully (W-6um) Dual pass- transistor CMOS logic .in
static CMOS logic ,in transistor logic .in seconds, is*)
seconds, is *) seconds, is*)

function [delay] =rca 1 dmfx
fun ction[delay]=csk2dp(x function[delay] =csk3cp(x )
) ) formal;
format; format; dday=(le-
delays 1 e- dday=f lo-9)*( 9)’(b.0177*x'2 *
9)*(b.0003’x*2 * 0.0004‘x^ + 0.3956*x ’ 1.7461 *x • 0.9037);
0.6448*x - 3.0637); 1.9967); dispO
dispO dispO dispCPropagation Delay
dispCPropagation Delay dispCPropagation Delay for ripple cany adde
for cany skip adder for cany skip adder (W=i.8um) Domino

(W^3.6um) Dual pass- (W=6um) CMOS logic .in seconds.
transistor logic .in Complementary pass- is *)
seconds, is*) transistor logic .in

seconds, is*) fonction[delay]=rca 1 fsfx)
fonaion(deiay|-csk2cpfx format;
) function [dday]=csk3dm( dday=fle-9)*f
formal; x) 0.0139»xA2+ 1.013*x-
delays 1 e>-9 )•(- formal; 1.0159);
0.0002*jT2 * 0.5068’x + dday=f lo-9)*(- dispO
1.89); 0.0006*xA2 + 0.4788*x + dispCPropagation delay
dispO 3.9632X for ripple cany adder
dispCPropagation Delay dispO (W= 1 .Sum) folly static
for cany skip adder dispCPropagation Delay CMOS logic .in seconds.
(U’°3.6um) for cany skip adder is*)
Complementary pass- fW=6um) Domino CMOS
transistor logjc,in logic ,in seconds, is *) function [delay ] =rca2dpfx
seconds, is *) functioa[dday]=csk3fsfx) )
fonction[delay|=csk2dm( format; formal;
x) delays le- dday=(le-
format; 9)*(0.0003*x^2 + 9)*(0.0056*xA2 +
dday=flc-9)*( 0.2863*x + 2.3246); 1.1504’x-0.5714);
0.0002*X'2 * 0.57’x * dispO dispO
4.6646); dispCPropagation Delay dispCPropagation Delay
dispO for cany skip adder for ripple cany adder
diipCPrupagaticn Delay (W=6um) folly static (W=3.6um) Dual pass-
for cany skip adder CMOS logic .in seconds. transistor CMOS logic .in
(W°3.6um) Domino is*) seconds, is*)
CMOS logic .in seconds. function[delay]=rcaldp(x fonction[dday]=rca2cpfx)
is*) ) formal;
functioo[delay]=csk2fs(x) formal; delay-fl e-9)*( 0.008*x~2
format; dday=flo- + 0.5646*x +0.4741);
delays lo9)*( 9)*(0.0099*xz*2 * dispO
0.0001’x^ + 0.3387*x + l.6074*x- 1.074IX dispCPropagation Delay
2.5418); dispC*) for ripple cany adder
dispO dispCPropagation Delay (Wa3.6um)
dispCPropagation Delay for ripple cany adder Complementary pass­
for cany skip (W=1.8um) Dual pass­ transistor CMOS logic .in
adderfW-3.6um) fully transistor CMOS logic Un seconds, is*)
static CMOS logic .in seconds, is*) function[dday]!=Tca2dm(x
seconds, is*) fonction[delay]c=iua 1 epfx) )

format; format;
function[delay]=c8k3dp(x delay-fl e-9)’f delay-f le-9)*(0.007*xA2

) 0.0085*xA2 + 0.9921,x- + 1.399*x- 1.2423);
formal; 0.794X dispO
dday=flo-9)’(2E-05‘x~2 dispO dispCPropagation Delay
♦ 0.5633*x * 2.979); dispCPropagation Delay for ripple carry adder
dispO for ripple cany adder (W=3.6um) Domino

CMOS logic .in seconds. 
is1)

function [delay ] -rca2fs(x) 
format;
delay-fl e-9)*(
O.OOCS*^ + 0.7756*x - 
0.5855);
dispC*) 
dispCPropagation delay 
for ripple cany adder 
(W=3.6um) fully static 
CMOS logic .in seconds, 
is')

function [delay ]=rca3dpfx 
)
format;
dehy=flo9)*( 
O.OOSS’x^ + I.Olld’x- 
0.4588);
dispO 
dispCPropagation Delay 
for ripple cany adder 
(W=6um) Dual pass­
transistor CMOS logic .in 
seconds, is *)

function [delay ] =rca3cpfx) 
formal;
delays I e-9)*( 
0.0042*x^ + O.555*x +
0.2104);
dispf) 
dispCPropagation Delay 
for ripple cany adder 
(W=6um) 
Complementary pass­
transistor CMOS logic .in 
seconds, is*)
fundi on[dday)“Tca3dm(x 
)
formal;
deUy-(le-9)*(
0.0044*xA2 + 1.160 l*x- 
0.5749);
dispO 
dispCPropagation Delay 
for ripple cany adder 
(W-6um) Domino CMOS 
logic ,m seconds, is*) 
fonction[delay)°rca3&(x) 
format;
delay=fle- 
9)»(0.0042*xA2 + 
0.6776*x-0.3194);
dispO 
dispCPropagation delay 
for ripple cany adder 
(W=6um) fully static 
CMOS logic ,in seconds, 
is’)
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Functions for energy consumption calculations

These functions are called in main function ‘EP’ and ‘ENRGSIM’ listed in Appendix A2 

and are used to compute the values of energy consumption per operation using the quadratic 

fits to the available data points.

function [energy ] =<iael dp
(x)
formal;
energyf le-

dispC) 
dispCEnergy consumption 
for carry look ahead adder 
(W“3.6um) Dual pass­
transistor logic .in Joules,

function[energy]=dac3cp
(x)
format;
energy=(le-10)*(
0.0026’x^ + 0.9725*x -

dispCEnergy consumption 
for conditional sum adder 
(W“l.8um) 
Complementary pass­
transistor logic .in Joules.

10)*(0.0024*xA2 - is*) 2.3015); is1)
0.2182*x-0.11); dispC)
dupC') function(energy]=dae2qp dispCEnergy consumption function[energy]=<ndel d
dispCEnergy consun^Xion (x) for carry look ahead adder m(x)
for carry look ahead adder format; (W=6um) format;
(W-1 .Sum) Dual pass­ cnergy=(le-10)*( Complementary pass- energy^ le-
transistor logic .in Joules. 0.0036*)r2 + 0.5845’x - transistor logic .in Joules. l0)*(0.0012*xA2 +
is') 0.5567); is*) 0.3933*x - 0.2326);

dispO dispO
function[energy]°ciaelcp dispCEnergy consumption function[cnergy]’=dae3d dispCEnergy consumption
(x) for cany look ahead adder m(x) for conditional sum adder
formal; (W=3.6um) format; (W=1.8um) Domino
energy=(l©-10)*( Complementary pass- encrgy=(le-10)*( CMOS logic .tn Joules, is
0.004*x"2 ’ 0.3664*x - transistor logic .in Joules. 0.0024*xA2 + 0.681 *x- *)
0.2074); is*) 0.215);
dupO dispC) function(cnergy]acndcl fs
dispCEnergy consumption functicn(energy]=clae2d dispCEnergy consumption (x)
for cany look ahead adder m(x) for carry look ahead adder format;
(W=l.8um) format; (W=6um) Domino CMOS encrgy=(le-10)*(
Conplementary pass- encrgy^le-lO)^ logic ,in Joules, is *) 0.001’x^ + 0.2864’x -
transistor logic .in Joules, 0.00l8*jr2 + 0.4941 »x- 0.3989);
is') 0.2867); functionfen crgy]=dae3fs( dispO

dispC) x) dispCEnergy consumption
fundtian[anergy]=cl8cl d dispCEnergy consumption formal; for conditional sum adder
m(x) for cany look ahead adder cnergy=(le-10)*( (W=1.8um) fully static
formal; (Wa3.6um) Domino 0.0016*xA2 + 0.216*x- CMOS logic .in Joules, is
energy^ le-10)*( CMOS logic ,tn Joules, is 0.0658); *)
0.0021*x*2 + 03151 *x- *) dispC)

functionfen ergy]=cnde2d0.1734); dispCEnergy consumption
dispf) function (energy j=dae2fs( for carry look ahead adder P(x)
dispCEnergy consumption x) (W=6um) fully static format;
for carry look ahead adder format; CMOS logic .in Joules, is energy=(le-

(W= | ,8um) Domino 
CMOS logic .in Joules, is

aiergy^fle-lOJ’f
O.OOn’x^+ 0.136‘x*

10)*(0.002*xA2 + 
0.2841 *x + 0.2221);

*) 0.0319); function(energy]=cnde 1 d dispO
dispC) p(x) dispCEnergy’ consumption

fundi on[energy]=dael fs( dispCEnergy consumption format; for conditional sum adder
x) for carry look ahead adder energy=(le-10)*( (W=3.6um) Dual pass­
format; (W=3.6um) fully static 0.0022exA2 + 0.212*x + transistor logic .in Joules,
anergy^le-lO)^ CMOS logic .in Joules, is 0.1357); is*)
0.0009*r*2 * 0.1246*x- *) dispC)
0.2025); dispCEnergy consumption functionfenergy]=cnde2c
dispO function[energy]=dae3dp for conditional sum adder P<x)
dispCEnergy cansunptian (x) (W=l.8um) Dual pass­ format;
for cany look ahead adder format; transistor logic .in Joules, energy=(le-10)*(
(W= 1.8um) fully static energy^fle-lO)^ is*) 0.0024*xA2+ 0.2293*x +
CMOS logic .in Joules, is 0.0023*xzl + 0.4915*x - 0.2701);
*) 0.2972); function[cnergy]=cndel c dispC)

dispO P(x) dispCEnergy consumption
fundion[energy]=d&e2dp dispCEnergy consumption formal; for conditional sum adder

(x) for cany look ahead adder encrgy=(le-10)*( (W=3.6um)
format; (W=6um) Dual pass­ 0.0022*x*2 + 0.1619*x + Complementary pass-
energy=(le- 
10)’(0.0021*xA2 + 
0.3454*x - 0.2538);

transistor logic ,in Joules, 
is*)

0.16031); 
dispC*)

transistor logic .in Joules, 
is*)
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fundion|energy | cnde2d 
m(x)
format;
energy(lc- 
IO)’(O.OOI2'x-2 - 
0 6082*x-0.3223); 
dispf)
dispfEnergy consumption 
for conditional sum adder 
(W-3.6um) Domino 
CMOS logic .in Joules, is 
*)

function [energy] "cnde2fs 
(x)
formal;
encrgy=( 1 e- 
10)’(0.0004«xz2 * 
0.4626’x-0.6674);
dispf') 
dispfEncrgy consumption 
for conditional sum adder 
(W=3.6um) fully static 
CMOS logic .in Joules, is
•)

fundicn[delay)=and3dp(x 
)
format;
delays (le-9)*( 
0 0009*x'2 • O.135*x -
I 9635); 
dispf ’) 
dispfPrupagation Delay 
for conditional sum adder 
(W-6um) Dual pass- 
transidor logic .in 
seconds, is')

fundion|cncrgy)-oide3c 
P(x) 
formal;
energy=(le-10)*( 
0.002Tx"l + 0.341 l‘x + 
0.3622k 
dispf)
dispfEncrgy consumption 
for conditional sum adder 
(W=6um) 
Complementary pass- 
transistor logic .in Joules, 
is*)

fundion[mcrgy]=cnde3d 
m(x)
formal;
energy=(le-lO)*( 
0.0015’x'l + 0.8753’x- 
0.3719);
dispf) 
dispfEncrgy consumption 
for conditional sum adder 
(W=6um) Domino CMOS 
logic .in Joules, is *)

function(encrgy)=cnde3fs 
(x) 
format;

energy=(le- dispfEnergy consumption transistor logic .in Joules.
lOHO.OOU^x^ + for carry select adder is1)
0.5575*x-0.3139); (W=3.6um) Dual pass­
dispf) transistor logic .in Joules. fundi on[oicrgy|=crle3 dm
dispfEncrgy consumption •s') (x)
for conditional sum adder format;
(W=6um) fully static fundi cn[energy]=crle2cp( . cnergy=(le-10)*(
CMOS logic ,m Joules, is x) 0.0067*xA2 + 1.0913*x -
’) format; 0.0803);

cncrgy=(lo-10)*( dispf)
fundion[energy]=criel dp 0.0019‘x^ * 0.3868‘x- dispfEncrgy consumption
(x) 0.5022); for carry sded adder
formal; dispf) (W=6um) Domino CMOS
energy^ lo-I0)*( • dispfEnergy consumption logic .in Joules, is
O.OOOg*^ + 0.5685’x - for cany select adder
1.7441); (W=3.6um) fundion[energy]i=crle3fs(
dispf’) Complementary pass­ x)
dispfEncrgy consumption transistor logic .in Joules. formal;
for cany select adder is1) energy^ le-10)*(
(W= I .Sum) Dual pass­ 0.0041’x*! + 0.3162*x-
transistor logic Jn Joules, fundi on[cncrgy]=crlc2  dm 0.1291);
is*) (x) dispf”)

format; dispfEnergy consumption
function [energy] °cric 1 cp( energy^ 1©-IO)*( for cany sdod adder
x) 0.0048*xA2 + 0.7667*x ■ (W=6um) fitlly static
formal; 0.2282); CMOS logic .in Joules, is
energy=(l©-10)*( dispf) *)
0.0023*x^2 + 0.2476*x- dispfEncrgy consumption
0.2617); for carry select adder fundionfenergy) -cske 1 dp
dispf) (W=3.6um) Domino (x)
dispfEnergy consumption CMOS logic .in Joules, is formal;
for carry select adder *) cncrgy=(le-
(W=1.8um) lO^O-OO^’x^ +
Complementary pass- function[energy]=crle2fs( 0.2637*x-0.3896);
transistor logic .in Joules, x) dispf)

format; dispfEnergy consumption
energy=(l©-10)*( for carry skip adder

fundion[cncrgy]=crieldm 0.0017*x^2 + 0.2687•x- (UM.8um) Dual pass­
(x) 0.3769); transistor logic .in Joules.
format; dispf) is)
energy=(lo-10)*( dispfEnergy consumption
0.0048*xA2 + 0.4511 *x + for carry select adder fundion[energy]°cskelcp
0.0517); (W“3.6um) fully static (x)
dispf) CMOS logic ,m Joules, is format;
dispfEncrgy consumption *) energy^ le-10)*(
for cany select adder 0.0035*xA2 + O.l779*x +
(UM. Sum) Domino function [energy] =crlc3dp 0.0184);
CMOS logic .in Joules, is (x) dispf)
•) format; dispfEnergy consumption

energy^ le-10)*( - for cany skip adder
function[energy)=crlel fs( 0.0071 •x^ + 1.421 l*x- (UM.8um)

x) 4.6013); Complementary pass­
format; dispf) transistor logic .in Joules,
energyfle-lO)^ dispfEnergy consumption is*)
0.001 l*x*2 + 0.202l*x- for cany select adder
0.4036); (W=6um) Dual pass­ fundion[energy]ecskel d
dispf) transistor logic .in Joules. m(x)
dispfEnergy consumption is*) formal;
for carry select adder energy (le-
(W=l.Sum) fully sialic function [energy]=crle3cp< 10)*(0.0029*x^ +
CMOS logic .in Joules, is x) 0.2965*x-0.1404);
9 format; dispf)

energyKle- dispfEnergy consumption
fundion[energy]=arie2dp lOWOOB’x^ + for cany skip adder
(x) 0.5589*x - 0.4465); (UM. 8um) Domino
format; dispf) CMOS logic ,in Joules, is
energy^l^lO)^- dispfEnergy consumption *)
0.0016*x*2 + 0.795*x- for cany select adder
2.1764); (W=6um) fundion[energy]=cskel fs
dispf) Complementary pass- (x)
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formal. (W=6um) Dual pass­ cncrgy=(le-10)*( (W=3.6um) Domino
energy^ lo-10)*( transistor logic ,in Joules. 0.0024*xA2 + O.I2O2*x + CMOS logic .in Joules, is
0 0016*x'2 • 0 IO7»x- is’) 0.0917); 3
0 173). dispf 3
dispf’) function[energy]°cske3cp dispfEnergy consumption function[cncrgy] =rcac2fs(
dispfEnergy consumption (x) for ripple cany adder x)
for earn, skip adder format; (W=1.8um) format;
(W= I .Sum) fully sialic anergy=(le-10)*( Complementary pass­ energy=(le-lO)*(
CMOS logic .in Joules, is 0.0051 •x^ + 0.4095*x- transistor logic .in Joules. 0.0014*xA2 + 0.1322*x -
3 0.1421); is3 0.1597);

dispf) dispf 3
function [ energy ]=cskeldp dispfEnergy consumption function[aiergy)-rcae 1 d dispfEnergy consumption
(x) for carry skip adder m(x) for ripple carry adder
format; (W=6um) format; (W=3.6um) fully static
cncrgy^lc-lO)^ Complementary pass­ energy=(le-IO)*( CMOS logic .in Joules, is
0 0022*x'2 * 0.3685*x - transistor logic .in Joules. 0.0024*xA2 + 0.2696*x- 3
0.5033); is 3 0.0877).
dispf 3 dispf 3 functi on[cnergy]=Tcs c3 dp
dispfEnergy consumption function(energy]Escske3d dispfEnergy consumption (x)
for carry skip adder m(x) for ripple carry adder format;
(W=3.6um) Dual pass­ format; (W=1.8um) Domino cncrgy=(le-10)*(
transistor logic .in Joules, cnergy=(le-10)*( CMOS logic .in Joules, is 0.0017*x*2 + 0.3965*x-
i»3 0.0031,x^2 + 0.6875’x- 3 0.2563);

0.341 iy. dispf 3
function | energy ] =cske2cp dispf*) function(energy]=rvacl fs( dispfEnergy consumption
(x) dispfEnergy consumption x) for ripple carry adder
formal; for carry skip adder format; (W=6um) Dual pass­
cnergy^lo-IO)^ (W=6um) Domino CMOS cncrgy=(le- transistor logic .in Joules,
0 OO36*x"2 * 0.2896’x - logic ,in Joules, is *) 10)‘(0.0016*x^ + is 3
0.1741); 0.084l*x-0.1103); function[oiergy]=rcac3cp
dispf) function[encrgy]=cske3 ft dispf 3 (x)
dispfEnergy consumption (x) dispfEnergy consumption format;
for carry skip adder format; for ripple cany adder cnergy=(l©-10)*(
(W=3.6um) energy= (lo-10)*( (W=1.8um) fully static 0.0034*x*2 + 0.2577*x +
Complementary pass­ O.OOn^x^l + 0.2284*x- CMOS logic .in Joules, is 0.2392);
transistor logic .in Joules, 0.2753); 3 dispf 3
is’) dispf) functionfenergy] =rcae2dp dispfEnergy consumption
functicn[aiergyj=cske2d dispfEnergy consumption (x) for ripple carry adder
m(x) for carry skip adder format; (W=6um)
format; (W=6um) fully static energy=(le-10)*( Complementary pass-
energy^ le» 10 )•( CMOS logic ,in Joules, is 0.0013*xA2 + 0.2939,x- transistor logic ,in Joules,
0.0027’jT2 - 0.4803’x - 3 0.0864); is3
0.2584); functionfen ergy]=rcaeldp dispf 3 function(energy]°rcae3d
dispf 3 (x) dispfEnergy consumption m(x)
dispfEnergy consumption format; for ripple carry adder format;
for carry skip adder arergy=(le-10)*( (W=3.6um) Dual pass­ cnergy°(le-10)*(
(W=3.6um) Domino 0.0013*xA2 + 0.1944*x- transistor logic .in Joules. 0.0023*xA2 + 0.6222*x -
CMOS logic .in Joules, is 0.1769); is3 0.1704);
3 dispf 3 function(aicrgy]=Tcac2cp dispf 3
function | energy ] =C8ke2ft dispfEnergy consumption (x) dispfEnergy consumption
(x) for ripple cany adder format; for ripple carry adder
formal; (W=l.8um) Dual pass- energy=(l©- (W=6um) Domino CMOS
cnergy=(le-10)*( transistor logic ,in Joules. iowo.oojj*^ + logic .in Joules, is 3
0.0019*xA2 + 0.1474*x- is3 0.161 l*x +0.2172); function[oiergy]=rcae3ft(
0.1961); function[aiergy]=rcae2dp dispf 3 x)
dispf 3 (x) dispfEnergy consumption format;
dispfEnergy consumption format; for ripple carry adder energy=(le-
for carry skip adder energy=(le-10)*( (W=3.6um) iowo.oois^x^ +
(W=3.6um) fully static 0.0013*x*2 + 0.2939*x- Complementary pass- 0.1691’x-0.0593);
CMOS logic .in Joules, is 0.0864); transistor logic .in Joules, dispf3
3 dispf 3 «3 dispfEnergy consumption
function|energy)“cske3dp dispfEnergy consumption function[energy]=rcae2d for ripple cany adder
(x) for ripple carry adder m(x) (W=6um) fully static
format; (W=3.6um) Dual pass­ format; CMOS logic .in Joules, is
energy1^ l>10)*( transistor logic .in Joules, energy=(lo-10)*( 3
0.0095*x~2 + 0.2816*x + is3 0.0021‘x^ + 0.4391 *x-
0.7424); function fenergy]=rcae 1 cp 0.2237);
dispf 3 (x) dispf 3
dispfEnergy consumjXion format; dispfEnergy consumption
for carry skip adder for ripple carry adder

171



APPENDIXA4

This program calculates the worst-case propagation delay using Delay Model

dear 
diary prgresuh_m 
diary on 
dispf*"......... 

............ ) 
dupf3 
dispfProgramme for 
choosing best archilecture 
for a required propagation 
delay oonstrainl') 
dispf3 
dispfModdling results 
using Delay Models 3 
dispf 9 
dispf•••••••••••—

• •••••
“oTake input from user 
dispf

"3 
dispf3 
ditqifPlease input size of 
adder from I to 64 bits') 
dispf) 
xsinputfPIease input 
adder size (number of 
bits)= y.
dispf’) 
while x>64 
dispfERROR: Adder size 
is out of the range.
Please give size from 1 to 
643 
dispf) 
ifb— 1;
dispfRipplc carry adder 
ardiitecturc3
dispf--------------------------  
-------3 
dispf*)
if c=-1;
dispfFully static CMOS 
logic design slyleO 
dispf--------------------------  
----------- 3 
dispf’) 
ifd==l;
dispf') 
(dday]=Tcamlfi(x) 
elscif d==2;
(delay] =rc*m2fi(x) 
elseif d=3;
|dday]=rcam3ft(x) 
else
(delay ] =rcam 1 fs(x)

x=inputfPiease input 
adder size (number of 
bits) again2');
dispf) 
end 
de 
dispf •••••••••••••

"3
dispf Architecture options 
and their values arc:') 
dispf)
dispf(1 )No specific adder 
architecture. Print result 
for all architectures2 09 
dispf(2)Ripple carry 
adder architecture2 13 
dispf(3)Cany select 
adder architecture2 23 
dispf(4)Carry skip adder 
architecture2 33 
dispf(5)Cany look ahead 
adder architecture** 4*) 
dispf(6)Conditiooal sum 
adder architecture2 59 
dispf)
b=inpulfPlease inpul 
architecture option2 3; 
while b> 5 
dispfERROR: Option 
value is out of the range. 
Please give option value 
between 0 and 53 
dispf 3 
b^inputfPlease input 
architecture option 
again2 7, 
dispf 3 
end
de;

(delay]=rcam2fs(x) 
(delay]=rcam3fr(x) 
and;
elseif c==2;
dispfDomino CMOS 
logic design sty1e3 
dispf--------------------------  
------3 
dispf 3 
if d=l;
dispf 3 
(delay]2rcam 1 dm(x) 
elseif d=2;
(delay],=rcam2dm(x) 
elseif d=3;
(delay]sraun3dm(x) 
else;
(detayj^rcam 1 dm(x) 
(dday]2rcam2dm(x) 

(delay]=rcam3dm(x) 
end;

disp( ■■ (j^p^sa**************

••3 •*3
dispfLogic design style dispfChannel width
options and their values options and their values
are:3 are:3
dispf 3 dispf 3
dispf( 1 )No specific logic dispf(1 )No specific
design style. Print result channd width
for all design styles. = 03 choice.Print result for all
dispf(2)Fully static (w/1) values2 03
CMOS logic2 13 dispf(2)Channd widdi
dispf(3)Domino CMOS (1.8um)= 13
logic2 23 dispf(3)Channel width
dispf(4)Complementary (3.6umh 23
pass transistor logic2 33 dispf(4)Channd width
dispf3 (6-Oum)2 33
c=inpulfPlcase input dispf 3
logic design style option d=inpulfPlcase input
vahte= 7 channd width option2 3-
while 03 while d>3
dispfERROR: Option dispfERROR: Option
value is out of the range. value is out of the range.
Please give option value Please give option value
between 0 and 33 between 0 and 33
dispf 3 dispf 3
crinputfPlease input d=inputfPlcasc input
logic design style option channd width option
again2 3; again2 3’.
dispf 3 dispf 3
end end
de dispf

••3
•*3 X.b,c,d %
dispf 3 size,arch,width,design
dispfMOSFET Channel stvle
len^h is =1.2um3 %%%SIMULAT1ON
dispf 3 RESULTS

elseif c=3; dispfDual pass-transistor
dispfComplemontary logic design style')
pass-transistor logic dispf----------------------- --
design styie3 -------------------------3
dispf-------------------------- dispf3
-------------------------3 ifd22!;
dispf 3 dispf 3
ifd==l; (dday]=rcam 1 dp(x)
dispf 3 elseif d“=2;
[dday]=rcam 1 cp(x) (dday]srcam2dp(x)
elseif d=2; elseif d«23;
(dday]=rcam2cp(x) (dday]2rcam3dp(x)
elseif d==3; else;
(delay]=rcam3cp(x) [dday]=rcamldp(x)
dse; (dday]2rcam2dp(x)
[delay]=rcam 1 cp(x) (ddayi^rcanGdpCx)
(delay]=raun2cp(x) aid;
(delay]=TCam3cp(x) elseif c>==0;
end; dispfFully static CMOS
elseif c==4; logic design style3
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dispf-------------------------- 
----------- •) 
di^n 
ifd 1.
dispf) 
| delay] ream I fs( x) 
dseif d—2;
[ delay) ’rcam2fs(x) 
dseif d==3;
(delay ] =rcam3fs(x) 
dse;
(delay ] “ream 16(x) 
(delay j =rcam2ft(x) 
(delay] ”Tcam3fc(x) 
end; 
dispfDomino CMOS 
logic design style*) 
dispf--------------------------  
------•) 
dispf*) 
if d==l; 
dispf) 
(delayJ^Tcam 1 dm(x) 
elseif d==2;
(dday]=rcam2dm(x) 
elseif d=a3;
[dday]-rcam3dm(x)

(delay) =rcam I dm(x) 
(dday]=rcani2dnXx) 

(dday]=rcam3dm(x) 
end;
dispfComplcmentan 
pass-transistor logic 
design style*) 
dispf-------------------------- 
------------------------*) 
dispf*) 
ifd—1.
<fapf 3 
[dday]=rcam 1 cp(x) 
dseif d—2;
|dday]=Tcam2q>(x) 
dseif d~=3;
(delay) =rcam3cp(x)

(delay )=ncam I cp(x) 
|delay]°rcam2cp(x) 

(dday]=rcam3cp(x) 
end;
dispfDual pass-transistor 
logic desigi style*) 
dispf-------------------------- 
------------------------ *) 
dispf *) 
ifd—1;
dispf’) 
(dday]=rcamldp(x) 
elseif d==2;
(dday]=rcam2dp(x) 
elseif d—3;
(dday]=rcam3dp(x)

(dday]=rcamldp(x) 
(dday ] =rcam2dp(x) 
(dday]=rcam3dp(x) 
end; 
end; 
elseif b==2;

dispfCarry select adder 
architecture*) 
dispf-------------------------- 
----- 3 
dispf) 
if c==l;
dispfFully static CMOS 
logic design style') 
dispf-------------------------- 
----------- •) 
dispf) 
ifd—1;
dispf) 
dispf) 
[ddayj^criml 6(x) 
dseif d—2;
(dday]=erim21s(x) 
dseif d—3;
(delay]°crim3fs(x) 
dsc;
(dday]=criinlfs(x) 
(dday]=crim2fi(x) 
(dday)=‘crlm3fs(x) 
end;
dseif c—2;
dispfDomino CMOS 
logic design style*) 
dispf-------------------------- 
------ •) 
dispf) 
if d—1;
dispf *) 
(dday]=crkn 1 dm(x) 
elseif d—2;
(dday)=crlm2dm(x) 
elseif d—3;
(dday]“crtm3dm(x) 
else;
[dday]=cr!m 1 dm(x) 
(dday]“ortni2dm(x) 
(dday]=criin3dm(x) 
end;
elseif c—3; 
dispfComplementary 
pass-transistor logic 
desi^i style*) 
dispf--------------------------  
------------------------- *) 
dispf) 
if d—|;
dispf)
(dday]=crim 1 cp(x) 
dseif d—2;
(dday]=crim2cp(x) 
elseif d—3;
(dday]=crtm3qp(x) 
else;
(dday]=arim 1 cp(x) 
(dday]=crfan2cp(x) 
(dehy]°=crfan3cp(x) 
end;
dseif ©=4;
dispfDual pass-transistor 
logic desigi style?) 
dispf-------------------------- 
------------------------- •) 
dispf) 
ifd—1;
dispf*)
(dday]=crimldp(x)

dseif d==2;
(dday]°crtm2dp(x) 
dsdfd==3;
(dday ]=crlm3dp( x) 
else;
|dday]=crlm 1 dp<x) 
(dday]=crlm2dp(x) 
(dday]°crlm3dp(x) 
end;
dseif c==0;

dispfFully static CMOS 
logic design style*) 
dispf--------------------------
-----------
dispf) 
ifd—1;
dispf *)
[dday]=crim 1 fs(x) 
elseif d—2;
(dday]i=crtm2fs(x) 
dseif d==3;
(dday]=crim3fi^x) 
else;
(dday]=crim I fs(x) 
(delay]=crlm2fs(x) 
(dday]=crlm3fc(x) 
end;
dispfDomino CMOS 
logic design style*) 
dispf--------------------------
------•)
dispf) 
ifd==l;
dispf)
(dday]=crlmdm(x)

dsdfd—2;
(dday]=crlm2dm(x) 
dseif d==3;
(dday]=crbn3dm(x) 
else;
[dday]“=crlm 1 dm(x)

(delay] =crim2dm(x) 
(dday]=criin3dm(x) 
end;
dispfComplementary 
pass-transistor logic 
design styled
dispf------------------------
------------------------ *)
dispf) 
ifd==l; 
dispf*) 
(dday)=crlmlqp(x) 
dseif d==2;
(dday]=crlfn2cp(x) 
dseif d=3;
(dday],=crbn3cp(x) 
dse;
(dday]=crtm I qXx) 
(dday]=crini2cp(x) 
(dehy]=crlin3cp(x) 
end;
dispfDual pass-transistor 
logic desist stylcT) 
dispf--------------------------  
------------------------- ■) 
di^pf) 
ifd—1;

dispf ’) 
[dday]=crlmldp(x) 
dseif d==2;
(dday]=crlm2dp(x) 
dseif d=~3;
(dday]°crlm3dp(x) 
else;
[dday)^crtml dp(x) 
(dday]=crini2dp<x)
(dday]=crlm34p(x) 
end;
end;
dseif b==3;
dispfCarry skip adder 
architecture^ 
dispf--------------------------
------ *) 
dispf) 
if c«=l;
dispfFully static CMOS 
logic design style*) 
dispf--------------------------
----------- •) 
dispf*) 
ifd=«l; 
dispf) 
dispf *) 
[dday)°cskm 1 fs(x)
elseif d==2; 
(dday)cicskm2fs(x)
dseif d—3; 
(dday]=cskm3fs(x) 
else;
[dday]=cskm 1 fs(x) 
(dday]=cskm2fs(x) 
(dday)i=cskm3fs(x) 
end;
dseif c—2; 
dispfDomino CMOS 
logic design style?) 
dispf--------------------------
------•) 
dispf)
ifd— I; 
dispf) 
[ddayl’Kskm 1 dm(x) 
elseif d—2;
(ddayJ^cskn^dmCx) 
dseif d—3;
(ddayJ^csknOdmCx) 
else;
[dday] =eskm 1 dm(x) 
[dday]Bcskm2dm(x) 
(dday],=cskm3dm(x) 
end;
elseif c==3; 
dispfComplementary 
pass-transistor logic 
design style*) 
dispf---------------------- —
------------------------- *) 
dispf) 
ifd—1;
dispf) 
(dday]-=cskmlcp(x) 
dseif d—2;
[dday]°cskm2cp(x) 
elseif d—3;
(dday]°cskm3cp(x) 
dse;
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(dday ] ~cskm 1 cp(x) 
(delay] ^cskm2cp(x) 
(dday]-cskm3ap(x) 
end;
eiseif c 4; 
dispfDual pass-transistor 
logic design style') 
dispf------------------ ")
dispf) 
ifd= = l; 
dispf) 
[ delay ] ~cskm I dp(x) 
eiseif d~ =2;
(dday] =cskm2dp( x) 
dsdfd-=3;
(dday]-cskm3dp<x)

(dday] ^cskm 1 dp(x) 
(delayl^cskmldpfx) 
(ddayj°cskm3dp(x) 
end;
eiseif c==O; 

dispfFully static CMOS 
logic design style^ 
dispf---------------------")
dispf) 
ifd~l;
dispf D 
[detayl^cskml fs(x) 
eiseif 
(dday]=cskm2fs(x) 
eiseif d==3;
[delay] ccskm3&(x)

(dday]=<skinlfs(x) 
[ delay J=cskni2fs(x) 
(deby]=cskm3fs(x) 
end;
dispfDomino CMOS 
logic design style*) 
dispf---------------------•)
dispf) 
if d“°l; 
dispf') 
(ddav)=cskm 1 dm(x) 
ciseif d—2;
(dday]=cskm2dm(x) 
eiseif d==3;
(dday]Bcskin3dm(x)

(deby|=cskml dm(x) 
(delayi^cskmldmCx) 
(dday]=cskni3dm(x) 
end;
dispfComplementary 
pass-transistor logic 
design styled) 
dispf-----------------------*)
dispf*) 
ifd==l; 
dispf *) 
(deiay)scskmlcp(x) 
eiseif d=2; 
(delay]=<zkm2cp(x) 
eiseif d==,3; 
(dday]=crian3cp(x) 
else; 
[delay J =cskm 1 qXx) 
(dday]’=cskni2cp(x) 
(dday]=cskm3cp(x)

end;
dispfDual pass-transistor 
logic design styled 
dispf-------------------------- 
-------------------------•) 
dispf) 
ifd==l;
dispf)
[delay] =cskmldp(x) 
eiseifd=2;
(dday]scskm2dp(x) 
eiseif d=3;
(dday]=cskm3dp(x) 
else;
(dday]=eskm 1 dp(x) 
(dday]=cskm2dp(x) 
(ddayj^csknBdfXx) 
end; 
end; 
eiseif b==4; 
dispfCany look ahead 
adder architecture') 
dispf------------------  
dispf) 
if c==l; 
dispfFully static CMOS 
logic design style") 
dispf-------------------------  
----------- •) 
dispf) 
ifd=l; 
dispf) 
dispf) 
(dehy]<*ciainlls(x) 
ciseif d=2;
(deiay]=ciam2fs(x) 
eiseif d=3; 
[debyl^dand&tx) 
else; 
[deiay]=ciam 1 &(x) 
(delayj=ciam2fs(x) 
(dday]=dam3fs(x) 
end; 
eiseif c=2; 
dispfDomino CMOS 
logic design styled 
dispf-----------------—
------") 
dispf) 
if d=l; 
dispf) 
[delay]=ciam 1 dm(x) 
eiseif d=2;
[dday]=dam2dm(x) 
eiseif d~3;
(delay]=:ciam3dm(x)

[delay]=clani 1 dm(x) 
(dday]=ciam2dnXx) 
(delay]«ciam3dm(x) 
end; 
eiseif c==3; 
dispfComplementary 
pass-transistor logic 
design style*) 
dispf-------------------------- 
-------------------------•) 
dispf) 
ifd=l; 
dispf)

[dday]=dam 1 cp(x) 
eiseif d==2;
(delay]=clam2cp(x) 
eiseif d==3;
(delay ] =dam3cp( x) 
else;
[dday]=dam 1 cp(x) 
(delay]cclam2cp(x) 
(delay]=clam3cp{x) 
end;
eiseif c==4;
dispfDual pass-transistor 
logic design style") 
dispf------------------- ')
dispf) 
ifd=l;
dispf)
[delay] ^dam 1 dp(x) 
eiseif d==2;
(dday]=dam2dp<x) 
eiseif d==3;
(dday]=dam3dp(x) 
else;
[dday]=dani I dp(x) 
(dday]=dam2dp(x) 
(dday]=dam3dp(x) 
end; 
dseifc=O;

dispfFully static CMOS 
logic design style*) 
dispf------------------- *)
dispf) 
ifd==l; 
dispf") 
[dday]=damlfs(x) 
eiseif d=2; 
(dday]=dam2fs(x) 
eiseifd=3; 
(dday]=dam3fs(x) 
else; 
(dday]=damlfs(x) 
(dday]=dam2ft(x) 
(ddayJ^anOf^x) 
end;
dispfDotnino CMOS 
logic design styled 
dispf-------------------- ’)
dispf) 
ifd==l;
dispf)
[dday]=dam 1 dm(x) 
dcAif d2®^;
(dday]=dam2dm(x) 
eiseif d==3;
(deby]=dam3dm(x)

(dday]=damldm(x) 
[dday]=dam2dni(x) 
(dday]=dam3dnXx) 
end;
dispfComplementary 
pass-transistor logic 
design style") 
dispf-------------------------- 
------------------------») 
dispf) 
ifd==l; 
ditpf) 
[dday]=dam 1 cp(x) 
eiseif d==2;

[dday ] =dam2cp( x) 
eiseif d==3;
(dday]-dam3cp{x) 
else; 
(dday]=dam I qp(x) 
(dday]sdam2cp(x) 

(ddayJ^danOqXx) 
end;
dispfDual pass-transistor 
logic design style') 
dispf------------------ •)
dispf) 
ifd=al;
dispf D 
(dday]=dam 1 dp(x) 
eiseif d==2;
(dehy]-dam2dp<x) 
eiseif d==3; 
(dday]=dam3dp(x) 
else; 
[dday]=daml dp(x) 
(dday]=dani2dp(x) 
(dday]=dam3dp(x) 
end; 
end; 
eiseif b“=5; 
dispfConditional sum 
adder architecture*) 
dispf------------------ 9
dispf) 
ife™!; 
dispfFully static CMOS 
logic design style*) 
dispf------------------ ’)
dispf) 
ifd“l; 
dispf) 
dispf^ 
[dday|=cndm 1 fc(x) 
eiseif d“2; 
(dday]=cndm2fs(x) 
eiseif d“=3; 
(dday]=cndm3fs(x) 
else; 
[dday]=cn<hTil fs(x) 
[dday]°cndm2fs(x) 
(ddayi^oidmSfsCx) 
end; 
eiseif c°=2; 
dispfDotnino CMOS 
logic design style*) 
dupf-------------------- *)
dispf) 
ifd=l; 
dispf*) 
[dday]=cndm 1 dm(x) 
eiseif d—2; 
(dehyl^cndmSdnXx) 
eiseif d»3; 
(delayl^cndmSdmCx) 
else; 
[delay]=cndmldm(x) 
[dday]°cndm2dni(x) 
(delay)=cndm3dm(x) 
end; 
eiseif c=3; 
dispfComplementary 
pass4ransistor logic 
design style*) 
dispf-------------------- *) 
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dispO 
sfd~~ I; 
dispO 
[dday ]-cndm I cp(x) 
dsdf d- = 2;
|dday]-a>dm2cp<x) 
dsdfd==3;
[dday]~cndm3cp(x) 
dse
|dday|-endm 1 qXx) 
[dday]l^cndmlqXx) 
|dday|=cndm3qXx) 
end; 
dsdfc~~4;
dispCDual pass-transistor 
logic design style?) 
dispf-------------------------- 
-------------------------*) 
dispO 
iCd" 1;
dispO
|ddav] =cndm 1 dp(x) 
dsdfd==2;
[ dday] °cndm2dp( x) 
dsdfd=~3;
| dday] czcndm3dp( x)

(dday]=cndmldp(x) 
[dday]=ondni2dp(x) 
[dday] =cndni3dp(x) 
aid; 
dseif c^O;

dispCFully static CMOS 
logic design styled 
dispC------------------- *)
dispO 
ifd= 1;
dispC*) 
[dday|=cndm]fs(x) 
dsdf d==2; 
[dday]=cndm2fi(x) 
dsdf d==3; 
[dday]=cndm3fs(x)

[dday)=o>dmlfs(x) 
[dday]=cndm2fs(x) 
[delay ] =cndm3ft(x) 
end;
dispCDomino CMOS 
logic design style?) 
dispC-----------------------*)
dispC*) 
ifd- = l; 
dispO 
[delay] =cndmldm(x) 

dsdfd==2; 
|dday]=cndm2dm(x) 
dsdf d==3; 
[dday]=cndm3dm(x) 
else; 
[dday]=cndmldm(x) 
[ dday j =aidm2dxn(x) 
[dday]=cndm3dm(x) 
aid; 
diq>CComplcmentary 
pass-transistor logic 
design style?) 
diq>C-------------------- *)
dispO

ifd==l; 
dispO 
[dday]=endmlcp(x) 
elseif d=2;
[dday]=aidm2cp(x) 
dsdfd==3;
[dday]=<ndm3cp<x) 
else;
[dday]=cndm 1 cp(x) 
(dday]=cndm2cp(x) 
[dday]=oidm3cp(x) 
end;
di^sCDual pass-transistor 
logic desigi style*) 
dispC------------------- *)
dispO 
ifd“i; 
dispC*) 
[ddayj^cndm 1 d[p(x) 
clseif d=2; 
[dday]=cndm2dp(x) 
elseif d==3; 
(dday]=aidm3dp(x) 
else;
[dday]=cndm 1 dpW 
|dday)=cndm2dp(x) 
[dday]=aidm3dp(x) 
end; 
aid; 
elseif b=0;
dispCRipple carry adder 
architecture?) 
dispC------------------- *)
dispO 
if c==l; 
dispCFully static CMOS 
logic desipi style*) 
dispC---------------------*)
dispO 
if d~l; 
dispO 
dispO 
[dday]Tcainl fc(x) 
dseif d=2; 
[dday]=rcam2fs(x) 
eisdf d==3;
[delay] Tcam3ls(x) 
else; 
[dday]=rcamlfs(x) 
[deiay]Tcam2fs(x) 
[delay]Tcain3fs(x) 
end;
dseif c==2; 
dispCDomino CMOS 
logic design style?) 
dispC------------------- *)
dispC*) 
ifd=l;
dispC*) 
[ddayjTcam 1 dm(x) 
elscif d=2; 
[dday]=rcam2dm(x) 
elseif d==3;
(delay]Tcam3dm(x) 
else;
[dday]=rcam 1 dm(x) 
(dehy]Tcam2dm(x) 
[delay]Tcam3dm(x) 
end; 
elseifc=3;

dispCComplcmaitary 
pass-transistor logic 
design style*) 
dispC-------------------- *)
dispO 
ifd==l;
dispO
(dday]Tcam lcp(x) 
dseif d==2;
[dday]Tcam2cp(x) 
dseif d==3;
[dehy]Tcam3cp(x) 
dse;
(dday]=rcam 1 cp(x) 
[dday]=rcam2cp(x) 
(delay]Tcam3cp(x) 
end;
elseif c==4
dispCDual pass-transidor 
logic design style*) 
dispC------------------- *)
dispO 
if d°=l;
dispO
[dday] =rcam I dp(x) 
elscif d==2;
(dday]Tcam2dp<x) 
dseif d==3;
(dday]Tcam3dp(x) 
else;
(dday]Tcamldp(x) 
[dday],=rcam2dp(x) 
[dday]=rcam3dp(x) 
end;
dscifc==O;

dispCFully static CMOS 
logic desipi style') 
dispf-----------------------*)
dispC*) 
ifd=l;
dispO
[dday]=rcam 1 fc(x) 
dsdfd==2;
(delay]"rcam2fs(x) 
dseifd=3;
(dday]=rcam3fs(x) 
else;
[dday]=rcamlft(x)
[dday]=rcam2fs(x) 
[dday]=rcam3ft(x) 
end;
dispCDomino CMOS 
logic design style*) 
dispC--------------------------  
------1 
dispO 
ifd==l;
dispC*)
[dday]=rcam 1 dm(x) 
dseifd!=2;
[dday]=Tcam2dm(x) 
elseif d==3;
(dday]=rcam3dm(x) 
dse;
[dday]=rcani 1 dxn(x) 
(dday]=rcani2dm(x) 
[ddayJ^rcanBdnXx) 
end;

dispCCotnplementary 
pass-transistor logic 
design style') 
dispC---------------------*)
dispC *) 
ifd==l; 
ditpC*) 
[delay]°Tcam 1 cp(x) 
dsdfd“=2;
[dday]“Tcam2q>(x) 
dseifd==3;
[dday]=rcam3cp(x) 
dse;
[dday]°rcam I cp(x) 
[dday]=rcam2cp(x) 
[delay] =rcam3cp(x) 
end;
dispCDual pass-transistor 
logic design style') 
dispC---------------------*)
dispO 
ifd==l; 
dispC*) 
[ dday ] team 1 dp( x) 
elseif d==2;
[dday]=rcam2dp(x) 
dsdfd==3;
[dday]Tcam3dp(x) 
dse;
[dday]Tcam 1 dp(x) 
[ddayjTcantfdpCx) 
[dday] Tcam3dp(x) 
end; 
end;
dispCCany sdect adder 
architecture^ 
dispC--------------------*)
dispO 
ifc=l;
dispCFully static CMOS 
logic design style*) 
dispC--------------------*)
dispO 
ifd—I;
dispC*) 
dispO 
(dday]=crlnilfs(x) 
dsdf d—2;
[dday]=crlm2fs(x) 
dseifd=“3;
(dday]=crlm3fs(x) 
else;
(dday]=crlmlfs(x) 
[dday]=crlm2fs(x) 
[dday]“crlm3ft(x) 
end; 
eisdf 0^=2;
dispCDotnino CMOS 
logic design style*) 
dispC----------------------*)
dispO 
ifd=l;
dispO 
[dday]=crlm I dm(x) 
dsdfd=2;
(dday]=<xtni2din(x) 
dseifd=3;
[dday]°ciim3din(x) 
else;
[dday]=crim 1 dm(x)
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|dday]crim2dm(x) 
|dday)=<rini3dm(x) 
end; 
dseif c==3;
dispCCcmplcmantary 
pass-transistor logic 
design style*) 
dupC----------------------- ’)
dispC 3 
ifd=-l.
dispC 3 
|delay]=crlmlcp(x) 
elseif d==2;
[delay] =crim2cp( x) 
dsdfd==3;
(delay | =crim3cp(x)

(dday|=crtmlcp(x) 
(delay) =crlm2cp(x) 

[delay ] =crim3<p(x) 
end;
elaeif c==4 
dispCDual pass-transistor 
logic design style?) 
dispf--------------------- 3
dispC 3 
ifd=l;
dispC*) 
(delay) =crim 1 dp(x) 
elseif d=2;
(dday]=crim2dp(x) 
daeif d==3;
[dday]=adm3dp(x)

[dday]-crim 1 dp(x) 
[delay] =crtm2dp( x) 
(dday]“crim3dp(x) 
end;
elseif c=O; 

dispCFully static CMOS 
logic design style?) 
dispC----------------------3
dispC*) 
ifd=l;
dispC*) 
(dday]=crimlft(x) 
elseif d==2;
[dday]=crlin2ft(x) 
dseif d“3;
(dday]=crim3ft(x) 
else;
(delay]°criml6(x) 
(dday)=crim26(x) 
(dday]=crim3ft(x) 
end;
dispCDommo CMOS 
logic design style*) 
dispC-----------------------3
dispC 3 
ifd==l;
dispC3 
[dday]=crlm 1 dm(x) 
elseif d==2;
(dday]=crtai2dn)(x) 
elseif d==3;
(dday]=crlm3dm(x) 
else;
(delay (=crim 1 dm(x)

(dday]=crlm2dm(x)

(dday]=crim3dnXx) 
end;
dispfComplementary 
pass-transistor logic 
design style*) 
dispC-------------------- 3
dispC 3 
if d== 1;
dispC 3 
[ddayj^crlm 1 cp(x) 
elseif d==2;
(dday]=crim2cp(x) 
elseif d=3;
[dday]=crlm3cp(x) 
dsc, 
[delay] *=crlmlcp(x) 
(dday]=aim2cp(x) 

(dday]=crim3cp(x) 
end;
dispCDual pass-transistor 
logic design style?) 
dispf----------------------3
dnpC3 
ifd=l;
dispC*) 
[ddayj^crlm 1 dp(x) 
elseif d3^;
[dday]=crim2dp(x) 
dseif d==3;
[dday]=crim3dp(x) 
else;
[delay ]=crtmldp(x) 
(dday]=tcrim2dp(x) 
(dday]=crlni3dp(x) 
end; 
end;
dispCCany skip adder 

architecture*)
dispC----------------------3
dispC3 
ifc=l; 
dispCFully static CMOS 
logic design style?) 
dispC—----------------3
dispC 3 
ifd=l;
dispC 3 
dispC 3 
[dday]“cskml fe(x) 
dseif d=2;
(dday]=cskm26(x) 
dseif d=3;
[delay]=cskm3fs(x) 
else;
[dday]=cskmlfi(x) 
[deiay]«cskm2&(x) 
[delay]°c8kin3fi(x) 
end;
elseif c==2; 
dispCDommo CMOS 
logic design style?) 
dispC-----------------------3
dispC 3 
ifd=l;
dispC3 
(dday]=cskm 1 dm(x)

dseif d“=2; 
[dday]=cskm2dm(x)

dseif d==*3;
(dday]=cskm3dm(x) 
dsc;
(dday]ccskm 1 dm(x) 
[ddayl^cskn^dmfx) 

(dday]=cskm3dm(x) 
end;
elseif c==3;
dispCComp lemcntary 
pass-transistor logic 
design style3 
dispC---------------- ’)
dispC3 
ifd—1;
dispC3
(ddayj^cskm 1 cp(x) 
dseif d=2;
[dday] =cskm2cp( x) 
dseif d=3;
[dday] <=cskm3q>(x) 
dse;
(ddayl^cskmlcpfx) 
(dday]=cskm2cp(x) 
(dday]=cskm3cp(x) 
end;
dseif c==4;
dispCDual pass-transistor 
logic design style3 
dispC-------------------------- 
-------------------------*) 
dispC 3 
if d==l;
dispC 3
[dday] =cskm 1 dp(x) 
dseif d==2;
[dday] °cskm2dp( x) 
elseif d=»3;
(dday]=cskm3dp(x) 
else;
(ddayj^cskm 1 dp(x) 
(ddayj=cskm2dp(x) 
(dday]=cskm3dp<x) 
end;
dseif c==O;
dispCFully static CMOS 
logic desi^i style3 
dispC-------—------------ 3
dispC 3 
ifd—I;
dispC 3
(dday]=cskm 1 fs(x) 
dseif d==2;
(dday]=cskm2fs(x) 
elseif <1=3;
(dday]=eskm3fc(x) 
d1^, 
[dday]=cskmlfs(x) 
(ddayj=cskm2fs(x) 
(dday]=cskm3fs(x) 
end;
dispCDommo CMOS 
logic design style3 
dispC-----------------------3
C&PC3 
ifd=l;
dispC3
(dday]=cskm 1 dm(x) 
dseif d=2;
(dday]=cskm2dm(x) 
elseif d=3;

[dday]-cskm3dm(x) 
dsc 
[dday]-cskm 1 dm(x)

(delay]-cskm2dm(x) 
(dday] »cskm3dnX x) 
end;
dispCComplemcntary 
pass-transistor logic 
design style3 
dispC-----------------------3
dispC') 
ifd=l;
dispC 3 
[dday] -cskm 1 cp(x) 
elseif d==2;
(ddayl^cskn^cpfx) 
elseif d=3;
[ddayJtxskmScpCx) 
dsc 
[dday]=cskm 1 q>(x)

[dday] ■=cskin2cp(x) 
(dday]=cskm3cp(x) 
end;
dispCDual pass-transistor 
logic design styie3 
dispC-----------------------3
dispC3 
if d=l;
dispC3 
(dday]=cskmldp(x) 
elseif d=2;
[dday]°cskm2dp(x) 
elseif d^^S;
(dday]°cskm3dp(x) 
dsc 
[ddayj^cskml dp(x) 
(ddayi^cskntfdpCx) 
(ddayj^csknOdpfx) 
end; 
end; 
dispCCany look ahead 

adder architecture') 
dispe-----------------------3
dispC 3 
if c==l; 
dispCFully static CMOS 
logic design styl«3 
dispC-----------------------3
dispC3 
ifd=l;
<M*3 
dispC3 
[ddayl^am 1 &(x) 
elseif d=2;
(delay]=clam2fs(x) 
dseif d=3;
(dday]=dam3fs(x) 
else 
(dday]°dainlfs(x) 
(dday]=dam2fs(x) 
(dday]=clam3fs(x) 
end;
elseif c==2; 
dispCDommo CMOS 
logic design styl«3 
dispC-----------------------3
dispC3 
ifd=l;
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dispf') | dday ] “dam 1 dm( x) [dday] =cndm3 fs( x)
| dday] dam ldm(x) dscif d=2; end;
dsafd--2; (dday]=dam2dm(x) elscif c==2;
(ddayp dam2dm(x) dscif d==3; dispfDotnino CMOS
dscif d—3; [dday] “dam3dm(x) logic design stvle')
(dday| dam3dm(x) dse; dispf-----------------------*)
dse; (dday]'=damldm(x) dispf*)
|dday)“damldm(x) ifd=l;
(delay) =dam2dm(x) 
|dday)=dam3dm(x) 
end;
dscif c==3;
dispfComplementary 
pass-transistor logic 
design stvle*)
dispf—----------------- *)
dupT)
ifd==l;
dispf)
(dday l^dam I cp(x) 
elscif d==2;
(ddav)=dam2cp(x) 
dscif d=3;
(dday ] =dam3cp(x)

[dday)=dam2dm(x) 
(dday]=dam3dm(x) 
end;
dispfComplementary 
pass-transistor logic 
design style*) 
dispf--------------------- *)
dispf) 
ifd~l;
dispf*)
(dday]=damlcp(x) 
dseif d=2;
(dday]=dam2cp(x) 
dscif d“3;
[ddayJ^damScpfx) 
dse;

dispf*)
(dday]=cndm 1 dm(x) 
dscif d=2;
(dday]=cndm2dm(x) 
dseif d“3;
[dday]“cndm3dm(x) 
dse;
[dday]=cndm 1 dm(x) 
[dday]“cndm2dm(x) 
[dday] “cndm3dm(x) 
end;
dscif c==3;
dispfComplementary 
pass4ransislor logic 
design style*)

)

else. (dday] “dam lcp(x) dispf*)
|dday]“damlcp(x) ifd=al;
(dday]=dam2cp(x) 
(ddayj =dam3cp(x)
end;
dscif c^M;
dispfDual pass-transistor
logic dcsigi stylcf)

(dday]“dam2cp(x) 
(dday]“dam3cp(x) 
end;
dispfDual pass-transistor 
logic design style*) 
dim/* *>

dispf*)
(dday) =oidm 1 cp(x) 
dseifd==2;
(dday]“cndm2cp(x) 
dseif d==3;
(dday]=endm3cp(x)

dispf) dse;
dispf) ifd“i; (dday]=aidm 1 cp(x)
ifd=-l; dispf) (dday]“cndm2cp(x)
dispf) (dday]=damldp(x) (ddayj=cndm3cp(x)
(dday]=damldp(x) end;
dscif d=2; dscif d=“2; dseif c==4;
(dday]=dam2dp(x) (dday]“dam2dp(x) dispfDual pass-transistor 

logic design style*)
dseifd==3; elseif d==3; dispf-----------------------*)
(dday]=dam3dp(x) (dday]“dam3dp(x) dispf
dse* ifd==l;
|dday]“damldp(x) dse; dispf)
|dday]=dam2dp(x) (dday]=damldp(x) (dday]=cndmldp(x)
(dday]=dam3dp(x) dseif d==2;
end; (dday]=dam2dp(x) (dday]=cndm2dp(x)
elseif c==O; [dday]=dxm3djxx)

elseif d==3;dispfFully static CMOS end;
logic design style*) end; (dday]=cndm3dp(x)
dispf-----------------------*) dispfCcnditional sum
dispf*) adder architecture^) dse;
ifd==l; dispf--------------------- *) (dday]=cndmldp(x)
dispf) dispf*) (dday]=aidm2dp(x)
(dday]=daml fc(x) ifc=l; (ddayj=cndm3dp(x)
elscif d=2; dispfFully static CMOS end;
(dday]“dam2fs(x) logic design style*) dseif c==0;
elscif d==3; dispf------------------------*) dispfFully static CMOS
(dday]=dam3fs(x) dispf^ logic design style*)
dse; ifd=l; dispf-----------------------*)
(dday]=damlft(x) dispf) difpf)
(dday)=dam2ft(x) diq>f) ifd°“l;
(delay ]=dam36(x) [dday]“cndm 1 fs(x) dispf *)
end; elscif d==2; [dday]=cndm 1 fs(x)
dispfDotnino CMOS [dday]“cndm2fs(x) dseif d=2;
logic dcsipi style*) dscif d=3; (dday]=cndm2fs(x)
dispf------------------—*) [dehy]=cndm36(x) dseif d=3;
dispf *) dse; (dday]=cndm3fs(x)

ifd=l; (dday]=cndmlfs(x) dse;
dispf*) [dday]=cndm2fe(x) [dday]=cndm 1 fs(x)

(delay] =ondm2fs(x) 
[delay]“cndm3 fc( x) 
aid; 
dispf Domino CMOS 
logic design style*) 
dispf----------------------*)
dispf) 
if d==l; 
dispf) 
(dday]=cn dm 1 dm(x)

elseif d==2; 
(dday)=cndm2dm(x)

dscif d==3;
(dday]“cndm3dm(x)

[dday]=cndm 1 dm(x) 
(dday ] “cndm2dm(x) 
(dday]“aidm3dm(x) 
and;
dispfCotnplementary 
pass-transistor logic 
design style*) 
dispf-----------------------')
dispf 
ifd=l; 
dispf) 
(dday)“cndm I cp(x) 
dscif d°°2; 
(dday]“cndm2cp(x) 
dscif d==3; 
(dday] =cndm3cp(x) 
dse; 
(ddayl^cndm 1 cp(x) 
(dday]“cndm2cp(x) 
(dday]“<ndm3cp(x) 
end; 
dispf Dual pass-transistor 
logic desipi styled 
dispf----------------------*)
dispf) 
ifd““l; 
dispf) 
[dday]=cndm 1 dp(x) 
dscif d=2; 
(dday]“cndm2dp(x) 
dseif dOT3; 
(dday]°cndm3dp(x) 
dse; 
[dday]=aidm I dp(x) 
[delay] =cndm2dp(x) 

(dday]=cndm3dp(x) 
end; 
end; 
end;
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APPENDIXA5

Functions called in program listed in Appendix A4

These functions are called in program listed in Appendix A4 and are used to compute the

propagation delay using Delay Model
function] function! function! function]
dday)=damldp(x) delay]2 damldm(x) dday]=dam2dp( x) dday]sdam2dm(x)
format; format; format; format;
p= -0.0002*xA2 * p=0.0003*xA2 + p= -O.OOO3*xA2 * p= 0.0002*xA2 *
0.0463*x ♦ 1.712; 0.0084*x + 2.0007; 0.0412*x + 1.5519; 0.0057*x+ 1.8165;
P P P P
d-8.5OE-ll; d=8.5E-ll; d=7.00E-l 1; d=7.0E-ll;
if x-=4 ifx==4; ifx==4 if x==4;
nl2 o=10 n=12 n=10
dseifx-=8; elaeif x==8; dscif x==8; daeif x==8;
n=16; n=14; n= 16; n=14;
daeif x== 16; daeif x== 16; elaeif x== 16; dacifx==16;
n=20; o°18; o=20; n=18;
daeif x==32; daeif x==32; dscif x==32; daeif x==32;
n=24; 0=22; n=24; n=22;
elaeif x= =64; daeif x==64; dscif x==64; dscif x==64;
n=28; o=26; n=28; n=26;
dae dae else else
dispf Adda da not dispf Adder sis not dispf Adder sia not dispf Adder sia not
appropriated) appropriate*) appropriate*) appropriate*)
end end end end
f=3.89; 6*3.3; 6*3.89; 6=3.3;
dday=p*d*n*£ dday=p*d*n*6 dday=p*d*n*f. dday=p*d*nf.
dispf) dispCO dispf') dispf)
dispCPropagalion dday dispCPropagalion dday dispCPropagalion dday dispCPropagalion dday
for cany look ahead for cany look ahead for cany look ahead for cany look ahead
adder (W= 1.8um)dual adder adder (W=3.6um)dual adder
pass-transistor logic .in (W= 1.8um)domino pass-transistor logic .in (W= 3.6um)domino
seconds, is*) CMOS logic jo seconds. seconds, is*) CMOS logic .in seconds.

•s') is*)
function! function]
dday]=damlcp(x) function] delay]=clain2cp(x) function]
format; dday]=damlfs(x) format; dday)=clam2fs(x)
p=-0.0002*xA2 * format; p= -0.0002*xA2 * format;
0.042*x ♦ 1.2293; p= -dE-OS^ + 0.0327*x + 1.1219; p=-4E-O5*xA2 ♦
P 0.0108*x +0.7771; P 0.0086*x + 0.7345;
d=8.5©-ll; P d=7.0e-ll; P
if x==4 d=8.5e-ll; ifx==4 d=7o-U;
n=12 ifx==4 n=12 ifx==4
daeifx==8; 0=12 dscif x==8; n=12
n=16; dscif x==8; n=16; daeif x=8;
dscif x== 16; n=I6; daeif x==16; o=16;
n=20; daeif x== 16; n=20; daeif x==16;
dseifx==32; o=20; dscif x==32; n=20;
o=24; daeif x==32; n=24; elaeif x==32;
daeif x= =64; o=24; elaeif x==64; n=24;
n=28; dscif x= =64; n=28; dscif x==64;
dae o=28; dae n=28;
dispf Adder ria not dsc dispfAdder sia oot dae
appropriate*) dispf Adder sia not appropriate*) dispf Adder sia not
end appropriate*) end appropriate*)
6=3.25 end f=3.25 end
dday=p*d*n*t 6=4.66; dday=p*d*n*f; 6=4.66;
dispf) dday=p*d*n*f. dispf) dday=p*d*n*f;
dispfPlupagation dday diapf) diapfPropagation dday dispf)
for cany look ahead dispfPropagatioo dday for cany look ahead dispCPropagalion dday
adder (W=1.8um) for cany look ahead adder (W=3.6um) for cany look ahead
complementary pasa- adder (W=l.Sum) fully complementary pass- adder (W=3.6um) fully
transistor logic ,in static CMOS logic .in transistor logic ,m static CMOS logic .in
seconds, is*) seconds, is*) seconds, is*) seconds, is*)

178



function! n=18; format; n=ll*(((x/4)-ir3)
delay )=dam3dp( x) dscif x==32; p=-2E-05*xA2 - end;
formal; n=22; 0.031 l*x + 0.9936; f=5.2;
p= -0.0003*x '2 * dscif x==64; P dday=p*d*n*£
0 0377*x* 1.5723; n=26; d=8.Sc-l 1; dispf)
P dsc if x==4; dispfPropagalion dday
d-6.00E-11; dispf Adder size not n=ll; for conditional sum
if x==4 appropriate for carry dscif x>4; adder (Wa3.6um)dua!
n= 12 look ahead adder*) n=ll*(((x/4>-l)»3) pasa-transistor logic .in
dscif x“ 8; end end; seconds, is*)
n= 16; f^3.3; f=3.11;
dscifx= = 16; dday=p*d*n*£ dday=p*d*n*£ function!
n=20; dispf) dispf) dday)=cndm2cp(x)
dscif x==32; dispfPropagalion dday dispfPropagalion dday format;
n~24. for cany look ahead for conditional sum p=-9E-05*xA2 *
dscif x"=64; adder (W=6um)domtno adder (W=1.8um) 0.0248*x * 0.8423;
n-28; CMOS logic Un seconds. complementary pass­ P
dsc transistor logic .in d=7o-ll;
dispf Adder size nol seconds, is*) if x==4;
appropriate?) function! n-ll;
end ddayj=dam3dm(x) function! dscif x>4;
f-3.89; format; delay l=cndm 1 dm( x) n=ll+(((x/4>-l)*3)
dday=p*d“n*fc p=0.0001*xA2 ♦ format; end;
dispf*) 0.003 l*x* 1.8349; p= -O.OOO3*xA2 * 1=3.11;
dispfPropagalion delay P 0.0862*x + 1.6198; dday=p*d*n*fi
for cany look ahead d=6.0E-U; P dispf)
adder (W=6um)dual if x==4; d=8.5e-ll; dispfPropagalion dday
pasa-transstor logic .in n=10 ifx==4; for conditional sum
seconds, is*) dscif x==8; n=10; adder (W=3.6um)

n=14; dscif x>4; complementary pass­
function! dscif x== 16; n=10+(((x/4)-l)*2); transistor logic .in
delay]Bdam3cp(x) n=!8; end; seconds, is*)
format; dscif x==32; f=177;
p= -0.0002*xA2 ♦ n=22; dday=p*d*n*f. function!
0.024*x ♦ 1.1727. dscif x==64; dispf) dday]=cndm2dm(x)
P n=26; dispfPropagalion dday format;
d=6e>ll; else for conditional sum p= -0.0003*xA2 +
ifx==4 dispf Adder size not adder 0.059*x+ 1.6504;
n=12 appropriate for carry (W° 1.8um)dotnino P
dscif x==8; look ahead adder*) CMOS logic Un seconds. d=7e-ll;
n=16; end b1) if x==4;
dscif x== 16; ^3.3; n=10;
o=20; dday=p*d*n*f; function! dscif x>4;
dscif x==32; dispf*) dday]=cndm 1 fc(x) n=10+(((x/4>l)*2);
n=24; dispfPropagalion dday formal; end;
dscif x==64; for cany look ahead p=-3E-O5*xA2 ♦ f=2.77;
n=28; adder (W=6um)domino 0.0093»x+ 1.2239; dday=p*d*n*f.
dsc CMOS logic Un seconds. P dispf*)
dispf Adder size not B*) d=8.5o-ll; dispfPropagalion dday
appropriate') ifx==4 for conditional sum
end function! n=10 adder
f=3.25 dday}°cndm 1 dp(x) dscif x>4; (W°3.6um)damino
dday=p*d*n*fi format; n=10+«x/4)-l)*2; CMOS logic Un seconds,
dit^f) p= lE-Od^ + end is*)
dispfPropagation dday 0.0009*x + 0.8327; f-5.82;
for cany look ahead P dday=p*d*n*f. function!
adder (W=6um) d=8.5E-1l; dispf) dday]=cndm2fi(x)
complementary pass- ifx==4; dispfPropagalion dday formal;
transislor logic .in n=ll; for conditional sum p= 4E-C7*x^2 *
seconds, is*) dscif x>4; adder (W= 1 .Sum) folly 0.0037*x+ 1.1322;

o=ll+(((x/4)-ir3) static CMOS logic .in P
function! «d; seconds, is*) d=7o-l 1;
dday]=dam3dm(x) f^S.2; ifx==4
formal; dday=p*d*n*f; function! n=!0
p=0.0001*x^2 + dispf 3 dday]=cndm2dp(x) dscif x>4;
0.003 l*x + 1.8349; dispfPropagalion dday format; n=10+((x/4)-l)*2;
p for conditional sum p=6E4)5*xA2 - end
d=6.0E-ll; adder ( W= 1.8um)dual 0.0006*x + 0.71; fc5.82;
ifx==4; pnm franrintnr logic U» P dday=p*d*n*f.
n=10 seconds, is*) d=7E-ll; dispf •)
dscif x==8; ifx“4; dispfPropagalion dday
n=14; function! n=ll; for conditional sum
dscif x== 16; delay}=cndm lcp(x) dscif x>4; adder (W=3.6um) folly
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static CMOS logic .in d=6ol 1; dispfPropagalion delay p=-O.OOOI*x'2 •
seconds, is*) ifx==4 for cany select adder 0.0371*x* 1.2016;

n“10 (W° I.8um)dotnino P
fiinclian( dseif x>4; CMOS logic .in seconds. d=7E-U;
delay]** cndm3dp(x) n“10+((x/4)-l)*2; is 3 ifx^^d;
format; end n=20;
p6E-O5*x'2 - f=5.82; function! dseif x>4;
0 0019*x ♦ 0.7166. dday=p*d*n*£ dday ]=aim I fs(x) n=16+(((x/4)-l)*4);
P dispf 3 format; end;
d-6 00E-11; dispfPropagalion dday p= -0.0003*xA2 * fi*3.21;
if "4; for conditional sum 0.0353*x ♦ 0.9831; dday=p*d*n*f;
n= 1 r. adder (W=6um) fully P dispf3
elseif x> 4; static CMOS logic .in d=8.5o-ll; dispfPropagalion dday
n’1 l-(((x/4>-l)*3) seconds, is 3 ifx=*=4 for cany sdcct adder
end; n=10 (W“3.6um)domino
f=5.2; function! dseif x> 4; CMOS logic .in seconds,
dday=p*d*n*£ dday]acrlmldp(x) n-S-Hfx/dPDM; is3
dispf 3 fixmat; end
dispfPropagalkm dday p= -0.0004* f“4; function!
foe conditional aim 0.0732*x + 1.1767; dday=p*d*n*£ dday]=crhn2fs(x)
adder (W=6um)dual P dispf 3 fixmat;
pass-transistor logic .in d=8.3E-ll; dispfPropagalion dday p» -0.0002*xA2 *
seconds, is 3 ifx=“4; for cany sdcct adder 0.0225*x + 0.9893;

n=20; (W» 1.8um) fully static P
function! dseif x>4; CMOS logic jn seconds. d-7oll;
delay ]scndm3cp(x) n= 16+(((x/4)-l )*4) is3 ifx“=4
format; end; function] n=10
p** -O.OOO2*xA2 * fc2.63; dday]=*crlm2dp<x) dseif x>4;
0.028*x • 0.8234; dday=p*d*n*f. format; n=8+((x<4)-l),4;
P di*pf3 p= -0.0003*xA2 * end
d6olk dispfPropagalion dday 0.0522*x* 1.1804; f=4;
ifx=-4; for carry sdect adder P dday=p*d*n*£
n’ll; (W°1.8um)dual pass- d-7E-U; dispf 3
elseif x>4; transistor logic .in if x“=4; dispfPropagalion dday
n»lW((x/4>-l)*3) enconds, is 3 n°20; for cany sdcct adder
end; dseif x>4; (W»3.6um) fully static
f^3.11; function! n°16+(((x/4)-l)*4) CMOS logic Jn seconds.
dday**p,d*n*£ dday^crhnlcpCx) end; is 3
dispO fixmat; f=2.63;
dispfPropagalion dday p» -0.0003^2 * dday=p*d*n*f. function!
for conditional sum 0.0592‘x + 0.9414; dispf 3 dday]scrbn3dp(x)
adder (W=6um) P dispfPropagalion dday format;
complementary pass- d=8.5E-ll; for cany select adder p=-0.0004*xA2 *
transistor logic .in ifx="4; (W“3.6um)dual pass- 0.0482*x* 1.2125;
seconds, is*) n=17; transistor logic .in P

dseif x>4; seconds, is 3 d=6.00E-U;
function] n=13+(((x/4)-l)*4) if x==4;
delay J^cndmSdmf x) end; function] n=20;
format; fi*X66; dday]=crhn2cp(x) dseif x>4;
p» -o.oooa^ * dday=p*d*n*f; format; n=16+(((x/4)-l)*4)
0.0494*x + 1.6615; dispf 3 p= -0.0004*xA2 * end;
P dispfPropagalion delay 0.0554*x + 0.8059; fi*2.63;
d=6o-l 1; for cany sd oct adder P dday=p*d*n*£
ifx°=4; (W=1.8um) d=7E-ll; dispf3
n=10; complementary pass- if x=°4; dispfPropagalion dday
dseif x>4; transistor logic .in n”17; fix carry sdect adder
n=10*(((x/4)-l)*2); seconds, is 3 elseif x>4; (W=6um)dual pass­
end; n=13+«(x/4)-l)*4) transistor logic .in
f=2.77; function! end; seconds, is 3
dday=p*d*n*f. delaypcrlm 1 dm(x) ^2.66-,

function!dispf I fixmat; dday=p*d*n*fi
dispfPropagalion dday p=-7E-O5*xA2 ♦ dispf 3 dday]Bcrlm3cp(x)
for conditional turn 0.0486*x * 1.2572; dispfPropagalion delay format;
adder (W=6um)domino P fix cany sdect adder p= -0.0004*xA2 +
CMOS logic jn seconds. d“8.5E-ll; (W“3.6um) O.G478*x ♦ 0.8456;
«3 if x==4; complementary pass- P

n=20; transistor logic,in d°6E-H;
function! dseifx>4; seconds, is 3 ifx==4;
dday}=cndm3fe(x) n=16+(((x/4>-l)*4);

function!
n=17;

format; end; dseif x>4;
p= 2E-05*xA2 ♦ 0.001 *x fi=3.2i; dday]scrlm2dm(x) n=l3+(((x/4)-l)‘4)
• 1.1277; dday”p*d*n*fi format end;

P dispf 3 M66;
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dd*y=p*d*n*£ fixnetsoof if x==4; n
<fapO delay }=cskm lcp(x) n-19; dispCPropagation dday
dapCRopagatioo delay format; dseifx>4; fir cany skip adder
fix any sded adder p= -0.0002^2 + o=19+<((x/4)-2)*4)+16 (W=3.6um) fully datic
(W=6um) 0.0497*x + 1.384; end; CMOS logic 3n seconds,
complementary pass- P £■2.5; »•)
transislor logic ,m d=8.5E-ll; dday=p*d*n*fi
seconds, is*) ifx==4; dispO fimrtion!

n=16; di^fPropagalion dday dday)=cskm3dp(x)
function! dscifx>4; fix cany ddp adder format;
delay J=ertm3dm(x) n=16+<((x/4)-2)*4)+10 (W=3.6um)dual pass* p=-0.0002*x*2 +
fixnul; end; traosistor logic ,m 0.0386*x+ 13203;
p- -O.tXXW*^ * F-236; aocoods,is') P
0.0354*x* 1.1928; dday=p*d*n*fi d=6.00E«ll;
P dispO function! ifx==4;
d^E-ll; dispCPropagation delay dday)=cdan2cp(x) n=19;
ifx==4; fir cany ddp adder fixmat; eiseif x>4;
n=20; (W-1.8um) p= -0.0003*xA2 + n=19+(((x/4}-2)*4)+16
cbdfx>4; complementary pass- 0.0394*x+ 1.2139; end;
n=16+<((x/4)-l)*4); transistor logic .in P f=2.5;
end; seconds, is") d=7E-ll; dday=p*d*o*f;
M21; ifx==4; dispO
dday=p*d*n*fi o=16; dispCPropagation delay
dispO delay)=cdaD ldm(x) dsdfx>4; fir cany ddp adder
diapCPropagxtion delay format; n=16+(((x/4)-2)*4)+10 (W-6um)dual pass-
fix cany select adder p= -TE-OS’x^ + end; transistor logic,in
(W=6om)dammo 0.0317*x+ 1.5844; f»Z36; seconds, is1)
CMOS logic Jo seconds. P dday=p*d*n*£
■ 1 d-8.5E-ll; dispO fimetion!

ifx==4; dispCPropagation dday dday]=cskm3cp(x)
fiinctionl n**20; fix cany sidpadder format;
dday)=erim3fa(x) dadfx>4; (W=3.6um) p=-0.0003*x^2 +
format; n=2O+(((x/4)-2)*4)+18; complementary pass- 0.0374*x+ 1.2156;
p“-0.0001’x^ + end; transistor logic,in P
0.0157*x + 0.9877; £242; seconds, is d=6E-ll;
P dday=p*d*n*f; ifx==4;
d=6o-ll; disp(") function! n=16;
ifx==4 dispCPropagation delay dday]=cEkm2dm(x) eiseifx>4;
n=10 fix cany skip adder fixmat; n=16+(((x/4)»2)*4)+10
dadfx>4; (W=1.8um)domino p=-7E-05*x*2 + end;
n=8+((x/4>-l)*4; CMOS logic Jn seconds, 0.0317*x+ 1.5844; M36;
end a*) P dday=p*d*n*f;
£4; d=7E-ll; dispO
dday=p*d*n*f; ifx==4; dbpCAnopagation delay
dapO dday]=cdcmlls(x) n=20; fix cany ddp adder
di^(5>ropafptian dday fixmat; daeifx>4; (W-6um)
fir cany adcct adder p=-3E-05V2 + o=20+«(x/4)-2r4)+18; complementary pass-
(W=6um) fully static 0.0093*x + 1.2239; eod; transistor logic ,m
CMOS logic 30 seconds. P 1=2.42; seconds, is*)
»*) d-8.5o-ll; dday=p*d*o*fi

if xM dispO function!
fimctiati( n“(12W(«x^y4>- dispCPropagation dday deiay]=C6km3dm(x)
ddayj-cakmldpfx) l)*4)+10; fir cany ddp adder format;
format; dae (W=3.6um)damino p- -9E-O5*xA2 +
p= -0.0003*x''2 + 0=12; CMOS logic Jn seconds. 0.0193*x+ 1.4817;
0.055 l*x* 1.4782; cod is') P
P f=3.27; d=6E*li;
d«8JE-ll; dday=p*d*n*fi function! ifx==4;
ifx==4; dispO dday}=cdan2fs(x) n=20;
n°19; o fixmat; eiseifx>4;
dadfx>4; diapCPlropagatioo delay p= 4E*07*xA2 + n=20+<((x/4>-2)*4)+l8;
n«19+(((x/4}-2)*4)+16 fir cany ddp adder 0.0037*x+ 1.1322; end;
and; (W=1.8um) fully static P £■242;
£25; CMOS logic ,in seconds, d=7>ll; delay=p*d*n*f;
dday=p*d*n“f; *•*) ifx>4 dispO
di^O n-(12H(«x-«y4>- dispCPropagation dday
disp(Tropagstioo dday fimetiouf 1)*4)+IO; fix cany skip adder
fix cany skip adder delay)°adao2dp(x) dse (W°6um)dnmino
(W=1.8um)dul pass* fixmat; o=12 CMOS logic 30 seconds,
transistor logic,in p°-0.0002*xA2 + cod o')
seconds, is *) 0.0365*x+ 1.3278; f=3.27;

P dday=p*d*o*fi function!
d=7E-ll; dispO dday]=cdctn3fs(x)
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format;
p 2E-05*x'2 • 0.001 *x
• 1.1277;
P 
d 6c-ll. 
if x>4 
n-(12)-((((x-4)'4>- 
l)’4)*10;
dse 
n=12 
end 
f'3.27; 
dda\^p*d*n*f. 
dispO 
n
dispCPropagation dday 
for cany skip adder 
(W~6um) fully static 
CMOS logic .in seconds, 
is*)

function! 
dday]=rcamldp(x) 
format;
p= 4) 0002*x'2 ♦ 
0.0286*x * 1.6153;
P 
d=8.5E-ll;
n=(x*4);
f=2.42;
dday^p^d^n^f, 
dispC’) 
dispCPropagation dday 
for ripple cany adder 
(W° 1 8um)dual pass- 
transistor logic .in 
seconds, is*)

function] 
ddaypncamlcpix)
format;
p= -0.0002*xA2 * 
0.0272‘x- 1.1184;
P 
d=8.5E-ll; 
n=(x*3)’l 
f2.66;
dday=p,d*n*t 
dispf*) 
dispCPropagation dday 
for ripple cany adder 
(W»1.8um) 
complementary pass- 
transistor logic .in 
seconds, is*)

function] 
dday )=rcam I dm(x) 
format;
p- -O.0001‘x^ ♦ 
0.0343*x * 1.8295;
P
d=8.5E-l 1;
n=x*4; 
f-2.44; 
dday=p*d*n*£ 
dispO 
dispCPropagation dday 
for ripple carry adder 
(W-1.8um)domino 
CMOS logic .in seconds, 
s’) 

function] 
dday]=rcam 1 fs(x);
format;
p=-0.0002*xA2 * 
0.0438*x* 1.5221;
P 
d=85E-U; 
n=2*x;
M.ll; 
dday=p*d*n*t 
dispC*) 
diqiCPropagation dday 
for ripple cany adder 
(W=1.8um) folly static 
CMOS logic jn seconds, 
is*)

function] 
deby]arcam2dp(x) 
format;
p= -5E-O5*xA2 * 
0.0127*x * 1.5937;
P
d=7E-ll; 
n=(x*4);
f-2.42; 
dday=p*d*n*f, 
dispC*) 
dispCPropagation dday 
for ripple carry adder 
fW=3.6um)dual pass- 
transistor logic,tn 
seconds, is*)

function] 
delay]<rrcam2cp(x) 
fixmat;
p“5E-O5*x*2 + 
0.0094*x+ 1.1236;
P 
d=7E-ll; 
n=(x*3)+1 
f=2.66; 
dday»p*d*n*f, 
dispC) 
dispCPropagation delay 
for ripple cany adder 
(W=3.6um) 
complete aitary pass­
transistor logic .in 
seconds, is*)

function] 
dday]=rcam2dm(x) 
format;
p= -0.000 l*xA2 + 
0.0221*x + 1.7415;
P 
d=7E-ll; 
n=x*4; 
fi=2.44; 
dday=p*d*n*E 
dispC) 
dispCPropagation dday 
fix ripple cany adder 
(Ws3.6um)darmno 
CMOS logic Jn seconds, 
is*)

function] 
dday]3rcaxn2&(x);
fixmat;

p= -0.0002*x'2 * 
0.0321*x+ 1.4721;
P 
d=7ol 1; 
nc2*x;
fi=3.H; 
dday=p*d*n*fi 
dispO 
dispCPropagation dday 
for ripple cany adder 
(W=3.6um) folly static 
CMOS logic .in seconds, 
is*)

function] 
dday|arcam3dp(x) 
format;
p» -lE-04*xA2 ♦ 
0.0152*x + 1.5436;
P 
d=6.00E-ll; 
n=(x*4); 
f=2.42; 
dday=p*d*n*f. 
dispC*) 
dispCPropagation dday 
fix ripple cany adder 
(W«6um)dual pass- 
transistor logic .in 
seconds, is *)

function] 
dday]=rcam3cp(x) 
format;
p° -9E-06*xA2 * 
0.0102*x+ 1.1071,
P
d“6E-ll; 
n=(x*3)+l
M66; 
dday=p*d*n*f. 
dispO 
dispCPropagation dday 
fix ripple cany adder 
(W=6um) 
complementary pass­
transistor logic .in 
seconds, is*)

function] 
dday]°rcam3dm(x) 
format;
p=-0.000 l*xA2-► 
0.0l83*x* 1.7377;
P 
d=6E-l I, 
n=x*4; 
f=2.44; 
dday=p*d*n*f. 
dispO 
dispCPropagation dday 
fix ripple cany adder 
(W-6um)domino 
CMOS logic .in seconds, 
is*)

function] 
dday]=rcam3fe(xy, 
fixmat;
p= -0.0002*xA2 + 
0.0288*x+ 1.4523;
P
d=6e-ll;

nn2*x; 
fi=3.1l; 
ddaj'T>*d*n*f; 
dispO 
dispCPropagation dday 
fix ripple carry adder 
(W“6um) folly static 
CMOS logic .in seconds, 
is*)
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APPENDIX A6

Output of the program listed in Appendix Al with the input as given below: 

Input->

(Adder size)-------------- x =52 (52-bit)
(Adder architecture)— b = 0 (for all five adder architectures)
(Logic design style)— c =0 (for all four logic design styles)
(Transistor size)--------- d =0 (for all three transistor sizes)

♦

Propagation delay results
Ripple carry adder 
architecture

Fully italic CMOS logic 
design style

Propagation delay for 
ripple cany adder 
(W=*1.8um) fully Malic 
CMOS logic ,in seconds, 
is

delay a

8.9246o-008

Propagation delay for 
ripple cany adder 
(W°3.6um) fully Malic 
CMOS logic ,in seconds, 
is

delay “

3.7322e-008

Propagation delay for 
ripple cany adder 
fW=6ani) fully static 
CMOS logic ,in seconds, 
is

delay “

4.6273e-008

Domino CMOS logic 
design style

Propagation Delay for 
ripple cany adde 
(W°l. Sum) Domino 
CMOS logic ,in seconds, 
is 
delay -

1.3775e-007

Propagation Delay for 
ripple cany adder 
(W^S.dum) Domino 
CMOS logic ,in seconds, 
is

delay =

9.0434o-008

Propagation Delay for 
ripple cany adder 
(W*6um) Domino 
CMOS logic ,in seconds, 
is

delays

7.1648e-008

Complementary pass- 
transistor logic design 
Myle

Propagation Delay for 
ripplc cany adder 
(W-1.8um) 
Complementary pass* 
transistor CMOS logic 
,in seconds, is

delay13

7.3779O-008

Propagation Delay for 
ripple cany adder 
(W«3.6um) 
Complementary paaa- 
transiator CMOS logic 
,in seconds, is 
delay13

5.1465O-O08

Propagation Delay for 
ripple cany adder 
(W-6um) 
Complementary pass­

transistor CMOS logic 
.in seconds, is

delay =

4.0427o-008

Dual pass-transistor 
logic design style

Propagation Delay for 
ripple cany adder 
(W**1.8um) Dual pass­
transistor CMOS logic 
,in seconds, is

delay3*

1.0928o007

Propagation Delay for 
ripple cany adder 
(W=3.6um) Dual pass- 
transistor CMOS logic 
,in seconds, is

delay*

7.4392O-008

Propagation Delay for 
ripple carry adder 
(W=6um) Dual pass- 
transistor CMOS logic 
,in seconds, is 
delay-

6.16O8e-OO8

Cany select adder 
architecture

Fully Matic CMOS logic 
design style

Propagation Delay for 
cany select adder 
(Wa1.8um) fully static

CMOS logic .in seconds, 
is

delay**

3.7824o-008

Propagation Delay for 
cany select adder 
(W°3.6um) fully static 
CMOS logic ,in seconds, 
is

delay **

2.5255o-008

Propagation Delay for 
carry select adder 
(W=6um) fully Matic 
CMOS logic ,in seconds, 
is

delay ■

2.0376o-008
Domino CMOS logic 
design style

Propagation Delay for 
cany select adder 
(W**1.8um) Domino 
CMOS logic ,in seconds, 
is

delay **

6.2065o-008

Propagation Delay for 
carry select adder 
(W“3.6um) Domino 
CMOS logic ,in seconds, 
is

delay*3

4.0063e-008
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Propagation Delay for 
cany select adder 
(W*=6<nn) Domino 
CMOS logic .in seconds, 
is

delay 3

3.0799o-008

Complementary pass- 
transistor logic design 
rtyle

Propagation Delay for 
cany select adder 
(W»1.8um) 
Complementary pasa- 
transistor CMOS logic 
.in seconds, is

delay a

4.2632c-008

(W°3.6om)
Complementary pass- 
transirtor CMOS logic 
.in seconds, is

delay “

2.630 2o-008

(W=6um)
Complementary pass* 
transistor CMOS logic 
.in seconds, is

delay 3

2.0862o-008

Dual pirn transirtor 
logic design style

Propagation Delay for 
carry select adder 
(W»1.8an) Dual pasa- 
transistor CMOS logic 
.in seconds, is 

delay 3

5.3433e-008

Propagation Delay for 
carry select adder 
(W=3.6um) Dual pasa- 
transirtor CMOS logic 
Jo seconds, is 

delay 3

3.4230o-008

Propagation Delay for 
cany select adder 
(W"6um) Dual paas- 
transirtar CMOS logic 
.in seconds, is

delay 3

3.4845e-008

Propagation Delay for 
cany skip adder 
(W“6um) Domino 
CMOS logic .in seconds, 
is

3.74O4e-OO8

Propagation Delay for 
cany skip adder 
(W"6um) Dual pasa- 
transistor logic ,in 
seconds, is

2.6973O-008 delay 3 delay 3

Cany skip adder 
architecture

Fully static CMOS logic 
design style

2.7238e-008

Complementary pass- 
transstor logic design 
style

Propagation Delay for

3.2325c-008

Cany look ahead adder 
architecture

Fully static CMOS logic
Propagation Delay for 
cany skip 
addcr(W"1.8am) fully

cany skip adder 
(W31.8um) 
Complementary pass-

design style

static CMOS logic ,in transistor logic ,in Propagation Delay for
seconds, is seconds, is cany look ahead adder 

(Wa1.8um) fully static
delay 3

3.0322o-008

delay 3

4.6010e-008

CMOS logic ,in sneonds, 
is

delay 3

Propagation Delay for Propagation Delay for 1.3207e-008
cany skip cany skip adder Propagation Delay for
addcrfW=3.6um) fully (W=3.6um) cany look ahead adder
static CMOS logic ,in Complementary pass- (Wa3.6um) fully static
seconds, is

delay 3

2.0425©4X>8

transistor logic,in 
seconds, is

delay 3

2.7703e-008

CMOS logic ,in seconds, 
is

delay 3

9.6977*009

Propagation Delay for Propagation Delay for Propagation Delay for
cany skip adder cany skip adder cany look ahead adder
(W36um) fully static (W*=6um) (W"6um) fully static
CMOS logic .in seconds, Complementary pass- CMOS logic ,in seconds.
is

delay3

1.8023o-008

Domino CMOS logic

transirtor logic ,in 
seconds, is

delay3

2.3650O-008

is

delay 3

7.8571o-009

Domino CMOS logic
design style Dual paaa-traasistor design style

logic design style
>

Propagation Delay for Propagation Delay for
Propagation Delay forcany skip adder carry skip adder

(W“1.8ud) Domino (W°1.8um) Dual pass- carry look ahead adder
CMOS logic .in seconds, transistor logic .in (Wa1.8um) Domino
is

delay 3

5.2432c-008

Propagation Delay for 
carry skip adder

seconds, is

delay 3

3.7514o>008

Propagation Delay for 
cany skip adder

CMOS logic ,in secooda, 
is

delay 3

2.2634*008

(W=3.6um) Domino (Wa3.6um) Dual pass- Propagation Delay for
CMOS logic ,tn seconds, transistor logic ,in cany look ahead adder
is seconds, is (W»3.6um) Domino 

CMOS logic ,in seconds,
delay3 delay 3 is
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3.0965o-008

Propagation Delay for Propagation Delay for
delay = cany look ahead adder conditional stmt adder

(W°1.8um) Dual pass- (W=6um) folly static Propagation Delay for
1.4990e-008 transistor logic, in CMOS logic .in seconds. conditional sum adder

seconds, is is (W°3.6um) 
Complementary pass-

Propagation Delay for 
carry look ahead adder

delay “ delay “ transistor logic ,in 
seconds, is

(W=6um) Domino 
CMOS logic ,in seconds, 
is

3.0953O-008 2.5020C-008

Domino CMOS logic
delay "

Propagation Delay for design style 1.8880e-008
delay = cany look ahead adder 

(W=3.6um) Dual pass- •
1.2l20e-008 transistor logic ,in 

seconds, is
Propagation Delay for 
conditional sum adder

Complementary pass- Propagation Delay for (W"6um)
transistor logic design delay = conditional sum adder Complementary pass-
style (W»1.8um) Domino transistor logic ,in

—
2.1546O-008

Propagation Delay for

CMOS logic ,in seconds, 
is

delay "

seconds, is 

delay °

Propagation Delay for cany lock ahead adder 1.5089o-008
carry look ahead adder (W"6um) Dual pass- 4.1000e-008
(W"1.8um) transistor logic .in Dual pasa-transistor
Complementary pass- seconds, is logic design style
transistor logic Jo Propagation Delay for
seconds, is delay" conditional sum adder 

(W=3.6um) Domino
delay a 1.7720o-008 CMOS logic .in seconds, 

is Propagation Delay for
2.0764O-008 Conditional sum adder conditional sum adder

architecture delay" (W"1.8um) Dual pass- 
transutor logic .in

Propagation Delay for 
cany look ahead adder

* 2.5513e-OO8 seconds, is

(W=3.6um) Fully static CMOS logic delay"
Complementary pass- design style Propagation Delay for
transidor logic Jn conditional sum adder Z3815&O08
sneonds, is ■■ " ■1 (W=6um) Domino 

CMOS logic .in seconds,
delay =

Propagation Delay for
is Propagation Delay for 

conditional sum adder
1.39950-008 conditional sum adder 

fW=1.8um) folly static
delay " (W"3.6um) Dual pare- 

transistor logic .in

Propagation Delay for
CMOS logic .in seconds, 
is

1.9312o-008 seconds, is

carry look ahead adder Complementary pass- delay"
(W"6um) delay" transistor logic design

1.4321e-008

Propagation Delay for

Complementary pass- 
trarrsutor logic .in 
seconds, is

4.7212o-008
style

delay = Propagation Delay for conditional sum adder
conditional sum adder Propagation Delay for (W"6um) Dual pass-

l.0403o-008 (W=3.6um) folly static conditional sum adder transistor logic ,in
CMOS logic ,m seconds, (W"1.8um) seconds, is

Dual pass-transistor is Complementary pass-
logic desist style

delay13

3.04180-OO8

transistor logic Jn 
seconds, is

delay"

delay"

1.1417O-008
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Energy consumption results

Ripple carry adder 
architecture

Fully static CMOS logic 
design style

Energy consumption for 
ripple cany adder 
(W- 1.8um) fully italic 
CMOS logic ,m Joules, 
is

energy “

8.5893e-010

Energy consumption for 
ripple cany adder 
(W°6um) Domino 
CMOS logic ,m Joules, 
is

energy-

3.8403O-009

Complementary paso- 
traasutor logic design 
style

Energy consumption for 
ripplc cany adder 
(W-3.6um) fully static 
CMOS logic ,m Joules, 
is

energy®

l.O5OOe-4)O9

Energy consumption for 
ripple cany adder 
(W-1.8um) 
Complementary pass- 
tramutor logic,in 
Joules, is

energy-

1.2832O-009

Energy consumption for 
ripple cany adder 
(W-3.6um) Dual pass- 
transistor lope ,in 
Joules, is

energy-

1.87I2c-009

Energy consumption for 
ripple cany adder 
(W-6um) Dual pass­
transistor logic ,in 
Joules, is

energy =

249S9e-009

Cany select adder 
architecture

Fully static CMOS logic 
design style

Energy consumption for 
cany select adder 
(W-1.8um) Domino 
CMOS logic .in Joules, 
is

energy-

3.6488e-009

Energy consumption for 
cany select adder 
(W-3.6um) Domino 
CMOS logic .in Joules, 
is

energy-

5.2619e-009

Energy ptinn for 
ripple cany adder 
(W-6am) folly static 
CMOS logic ,m Joules, 
is

energy-

13601o4)09

Domino CMOS logic 
design style

Energy consumption for 
ripplc cany adder 
(W-3.6um) 
Complementary pass- 
transistor logic 4n 
Joules, is

energy-

1.7518o-009

Energy coruumption for 
ripple cany adder 
(W-L8um) Domino 
CMOS logic ,m Joules, 
is

energy -

204210-009

Energy consumption for 
ripplc cany adder 
(W-6um) 
Complementary paas- 
traasistor logic .in 
Joules, is

energy-

22833©-009

Dual pass-transistor 
logic design style

Energy consumption for 
carry select adder 
(W-1.8um) folly static 
CMOS logic ,m Joules, 
is

energy-

13080e-009

Energy consumption for 
cany select adder 
(W-3.6um) folly Static 
CMOS logic .in Joules, 
is

energy-

1.8192o-009

Energy consumption for 
carry select adder 
(W-6um) Domino 
CMOS logic ,in Joules, 
is

energy-

7.4784o-009

Complementary pass- 
transistar logic design 
style

Energy consumption for 
carry select adder 
(W=1.8um) 
Complementary pass­
transistor logic ,in 
Joules, is

energy-

1.8833e-009

Energy consumption for 
ripple carry adder 
(W-3.6um) Domino 
CMOS logic ,m Joules, 
is

energy-

28288o-009

Energy consumption for 
ripple cany adder 
(W-1.8um) Dual paao- 
transistor logic .in 
Joules, is

energy-

13447e-009

Energy consumption for 
carry select adder 
(W-6um) folly static 
CMOS logic .in Joules, 
is

energy-

27400o-009

Domino CMOS logic 
design style

Energy consumption for 
carry select adder 
(W-3.6um) 
Conplcmestary pasa- 
traasistor logic .in 
Joules, is 

energy -

24749o-009

Energy consumption for 
carry select adder
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1.8733e-009

(W=6um) CMOS logic .in Joules.
Complementary pass- is Energy consumption for
tramutor logic .in Energy consumption for carry look ahead adder
Joule*, is energy- cany skip adder (W=1.8um) fully static

energy- 1.2606o-009
(W-3.6um) 
Complementary pass-

CMOS logic ,in Joules, 
is

3.213 lo-009
transistor logic .in 
Joules, is energy -

Dual pass-transistor
Energy consumption for 
cany skip adder energy- 8.7103o010

logic design style (W-6um) fully static 
CMOS logic .in Joules, 
is

energy-

2.4619e-009

Energy consumption for

Energy consumption for 
cany look ahead adder 
(W-3.6um) fully static

Energy consumption for cany skip adder CMOS logic .in Joules,
cany select adder 1.61980-009 (W-6um) is
(W«1.8um) Dual pass­
transistor logic .in Domino CMOS logic

Complementary pass- 
transirtor logic ,in energy-

Joules, is desgn style Joules, is

energy- - energy -
1.1701O-009

2.S6SSO-009 3.4942o-009 Energy consumption for
Energy consumption for 
cany dap adder Dual pass-transistor

carry look ahead adder 
(W-6um) fully static

Energy consumption for (W-1.8um) Domino logic design style CMOS logic .in Joules,
carry select adder CMOS logic .in Joules, is
(W-3.6um) Dual pass- 
transisior logic .in 
Joules, is

energy =

is

energy-

2.3119e-009
Energy consumption for 
cany skip adder

energy- 

l.5493e-009

3.4837e-OO9
(W°1.8um) Dual pass­
transistor lope ,in

Domino CMOS logic 
design style

Energy consumption for Joules, is

Energy consumption for
cany dap adder 
(W«3.6cm) Domino energy-

•

cany select adder 
(W=6um) Dual pass-

CMOS logic .in Jouka, 
is 1.8460e-009 Energy consumption for

transistor logic .in 
Joules, is energy-

cany look ahead adder 
(W=1.8um) Domino

energy = 3.2018o-009
Energy consumption for 
cany skip adder

CMOS logic .in Joules, 
is

S.0097o-009
(W-3.6tsn) Dual pass- 
transistor logic .in energy-

Cany skip adder
Energy consumption for 
carry skip adder

Joules, is
2.1890e-009

architecture (W-6um) Domino energy-
CMOS logic ,m Joules, 
is 2.4607O-009 Energy consumption for

Fully static CMOS logic energy-
cany look ahead adder 
(W-3.6um) Domino

design style Energy consumption for CMOS logic .in Joules,
43791o-009 cany skip adder is

Complementary pass*
(W-6um) Dual pass- 
transistor logic .in energy-

Energy consumption for
tnndstor logic design 
style

Joules, is
3.0274*009

carry slop adder 
(W-1.8cm) folly sialic 
CMOS logic ,m Joules,

energy-

4.1074o-009 Energy consumption for
is

Energy consumption for Cany look ahead adder
cany look ahead adder 
(W°6um) Domino

energy- carry skip adder architecture CMOS logic .in Joules,

9.7l74c-010
(W=l.8um) 
Complementary pass-

is

Energy consumption for

transistor logic .in 
Joules, is Fully static CMOS logic 

design stylo

energy-

4.1687*009
carry skip adder 
(W-3.6um) fully static

energy-
■" ■ ■
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Complementary pass- transistor logic ,in Domino CMOS logic transistor logic ,in
tramislor logic design 
style

Joules, is design style. Joules, is

energy- energy-

2.338SO-009
Energy consumption for

l.8683o-009

Energy consumption for conditional sum adder
carry look ahead adder Energy consumption for (W-1.8um) Domino Energy consumption for
(Wa1.8um) carry look ahead adder CMOS logic ,in Joules, conditional sum adder
Complementary pass- (W°6um) Dual pass- is (W-6um)
transistor logic,in transistor logic, in Complementary pasa-
Joules, is Joules, is energy- transistor logic .in 

Joules, is
energy- energy- 2.3464e-009

energy =
2.9752©-OO9 3.1480©-009

Energy consumption for 2.5400e-009

Energy consumption for 
carry look ahead adder

Conditional sum adder 
architecture

conditional sum adder 
(W=3.6um) Domino 
CMOS logic ,in Joules,

Dual pass-transistor 
logic design style

(W-3.6um)
Complementary pass-

11 is

Fully static CMOS logic energy-transistor logic ,in
Joules, is design style

3.4549o-009 Energy consumption for
energy = 11 ■■ conditional sum adder 

(W-1.8um) Dual pass-
3.9728o-009

Energy consumption for
Energy consumption for transistor logic ,in 

Joules, is
coaditiooal sum (W-6um) Domino

Energy consumption for (W-1.8um) folly static CMOS logic .in Joules, energy-
carry look ahead adder CMOS logic ,in Joules, is
(W=6um) 
Complementary pass-

is
energy-

1.7108o409

transistor logic,in 
Joules, is

energy-
4.9200o-009 Energy consumption for

1.7198©-009 conditional sum adder
energy = Complementary pass- (W-3.6um) Dual pass-

transistor logic design transistor logic Jn
5.528 le-009 Energy consumption for 

conditional sum adder 
(W-3.6um) folly static

style Joules, is

Dual paaa-transistor energy -

Energy consumption for

logic design style CMOS logic ,in Joules,
2.0403e-009is

energy- conditional sum adder 
(W-1.8um) Energy consumption for

Energy consumption for 2.4469O-009 Complementary pass- Conditional sum adder
carry look ahead adder transistor logic ,in (W-6um) Dual pass-
(W-1.8um) Dual pass- Joules, is transistor logic ,in
transistor logic ,in Energy consumption for Joules, is
Joules, is conditional sum adder 

(W=6um) folly static
energy-

energy-
energy - CMOS logic ,in Joules, 1.4528c-009

is 2.725le-009
1.7726c-009

energy- Energy consumption for 
conditional sum adder

Energy consumption for 3.3003O-009 (W-3.6um)
carry look ahead adder 
(W=3.6um) Dual pass*

Complementary pass-
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Output of the program listed in Appendix Al for listing of adder designs satisfying 
the delay and energy constraint

Input-*

*
Please input adder size i.e (number of bits) from 1 to 64 in multiples of four - 40

Please input propagation delay value, in seconds, = 20e-09

Tolerance —► acceptable variation in propagation delay and energy consumption value

Please input tolerance value in propagation delay (seconds) = 5e-09

delay - Channel width” 
3.6um

Logic design 
style” Architecture”

Channel width” 
3.6um

l.9!24o-008 Logic design Complementary Cany skip adder Logic design
style” paw-tanwslnr Channel width” style” Fully

Architecture'’ Complementary logic l.Sum static logic
Cany select pns-transistor Logic design
*ddcr logic style”
Channel width” delay ” Complementary delay ”
3.6cm pass-transistor
Logic design 
style” Fully

delay” Z3718e-008 logic 1.8334e-008

static logic 1.5S65e-008 Architecture” Architecture”
Cany skip adder delay” Conditional sum

Architecture” Channel width” adder
delay 3 Cany select 1.8um Z 1842e-008 Channel width”

adder Logic design 6um
1.5219o-008 Channel width” style3 Fully Architecture” Logic design

6 urn static logic Cany skip adder style3 Fully
Aichitectac0 Logic desist Channel width” static logic
Cany select stylo” 3.6um
adder Complementary delay” Logic design
Channel width" pass-transistor style- delay"
6cm logic 2.3718O-008 Complementary

1.8993e-008Logic design pass-transistor
style3 Fully Architecture” logic

Architecture-static logic delay” Cany skip adder
Channel width” Conditional sum

1.8741o-008 3.6un delay =
delay 3 Logic design Channel width”

Z2535o-008
Architecture” 
Cany look ahead

style” Fully 
static logic

Z1842C-008 3.6um
Logic design

adder Architecture” style" Domino
Architecture” Channel width” Cany skip adder CMOS logic
Cany select 1.8um delay” Channel width”
adder Logic design 6um
Channel width” style” Domino Z2lS5e-008 Logic design delay”
6um CMOS logic style”
Logic design Architecture” Complementary Z196 le-008
style” Domino Cany skip adder pass-transistor

Architecture”CMOS logic delay” Channel width” logic
6um Conditional sum

1.7888o-008 Logic design adder
delay =

Architecture”
style” Domino 
CMOS logic

delay” Channel width” 
1.8um

Z0103©-008 Carry look ahead Z2631C-008 Logic design
adder style”

Architecture” Channel width” delay” Architecture” Complementary
Cany select l.Sum Conditional sum pass-transistor
adder 3.4427e>008 adder logic
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Please input energy consumption value, (in Joules),= 30e-10

Tolerance --> acceptable variation in energy consumption value (in Joules)

Please input tolerance value in energy consumption value (in Joules) - 4e-10 

* 
energy"

2.8398e-009

Architecture" Ripple cany adder
Channel width" 6un>
Logic design style® Domino CMOS logic 

energy"

3.3209o-009

Architecture" Cany select adder
Channel width" 6csn
Logic design dyic" Complcmcataty pim trinnitfni logic

energy =

3.086So-009

Architecture" Cany look ahead adder
Channel width" 6um
Logic design dyie" Domino CMOS logic 

energy"

Z8S83e-009

Architecture" Cany look ahead adder
Channel width" 3.6um
Logic design style" Complementary pasa-tausisiar logic

energy"

3.2U9o-009

Architecture" Cany ddp adder
Channel width" 6on
Logic design style" Domino CMOS logic
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APPENDIX A7

Interconnection capacitances of 4-bit and 16-bit ripple carry adder design for 
(w^l-Siiin and fully static logic design style.

4-bit Ripple carry adder

Cl bOO 26.7041 FF
C2 1125 0 6.82344FF
C3 1112 0 6.12144FF
C4 U5/cmosinvl_2/oul 0 17.4247FF
C5 U5/rcacanyc_l/coc 0 35.2415FF
C6 1078 0 18.8658FF
C7 1068 0 22.0446FF
C8 1050 0 9.67752FF
C9 1035 0 14.6966FF
CIO 1027 0 2.82528FF
Cll 1021 0 5.65O56FF
C12a2 0 18.1876FF
C13 968 0 22.4266FF
C14 958 0 9.97272FF
Cl5 951 0 10.8302FF
Cl 6 947 0 10.3594FF
C17cin0 15.9473FF
C18 898 0 22.4266FF
Cl 9 893 0 9.97272FF
C20 881 0 10.8302FF
C2J 878 0 10.3594FF
C22 aO 025.18O6FF
C23 U5/rca si_l/pic 0 19.224FF
C24 U5/rcajpi_l/pi 0 37.35FF
C25 799 0 6.82344FF
C26 788 0 6.12144FF
C27U5/rca_pi 1/aicO 22.1227FF
C28 767 0 22.0446FF
C29 765 0 18.8658FF
C30U5/rca_pi 1/bic 0 21.667FF
C31 720 0 22.4266FF
C32 709 0 9.97272FF
C33 702 0 10.8302FF
C34 698 0 10.3594FF
C35b2 0 20.1195FF
C36 632 0 6.12144FF
C37 U6/anosinvl_4/out 0 18.O436FF
C38 U6/cmosinvl~3/out_l 0 23.9501FF

C39 559 0 6.12144FF
C40 U2/rcafulladder 3/coc 0 38.2752FF
C41 490 0 10.8302FF
C42 487 0 10.3594FF
C43 U6/cmosinvl_4/out_l 0 19.0998FF
C44 U6/cmosinvl_3/out7) 23.910 IFF

C45 448 0 22.0446FF
C46 428 0 6.82344FF
C47 b3 0 14.9384FF
C48 U7/rcacarryc_l/coc 0 34.1852FF
C49 a3 0 28.4816FF
C50 406 0 18.8658FF

C51 bl 0 21.7447FF
C52 U7/rcacarryc_l/coc 1 0 34.3278FF
C53 al 0 24.1391 FF
C54 361 0 22.0446FF
C55 360 0 18.8658FF
C56 Gnd 0 1145.77FF
C57 339 0 6.82344FF
C58 278 0 22.4266FF
C59 264 0 9.97272FF
C60 U7/cmosinvl_3/out 0 22.8334FF
C61 U7/cmosinvl_4/out 0 18.3719FF
C62 U8/cmosinvl_l/in 2 0 39.2488FF
C63 VddO 1287.79FF
C64 U8/rca si_I/cic_2 0 20.884FF
C65 U8/rca si_l/pic 0 20.2241FF
C66 190 0^67752FF

C67 179 0 14.6966FF
C68 171 0 2.82528FF
C69 165 0 5.65056FF
C70 c2 0 45.7569FF
C71 U8/rca si 1/pi 2 0 37.4605FF
C72c3 020J321FF
C73 U8/rca si l/cic 1 0 16.6655FF
C74 124 0 Z82528FF
C75 sO 0 43.8034FF
C76c0 0 51.3619FF
C77 si 0 27.005FF
C78 U8/cmosinvl 1/out 2 0 18.5058FF
C79 97 0 9.67752FF
C80 86 0 14.6966FF
C81 74 0 5.65056FF
C82 U8/rca_si_I/pi 0 43.1206FF
C83 s2 0 25~43O4FF

C84 s3 0 39.1928FF
C85 56 0 9.67752FF
C86 43 0 14.6966FF
C87 35 0 2.82528FF
C88 29 0 5.65056FF
C89 U8/cmosinvl_2/out_l 0 21.0384FF
C90 U8/cmosinvl_l/out 0 19.9444FF
C91 cl 0 50.0899FF
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16-bit Ripple cany adder

Cl 4590 0 2.82528FF
C2 U8/cmosinvl_l/out_l 0 
17.9204FF
C3 U8/cmosinvl _2/out 0 
22.5482FF
C4 4563 0 9.67752FF 
C5 4545 0 14.6966FF 
C6 4530 0 5.65056FF 
C7 tin 0 17.2195FF 
C8 bO 0 26.1868FF 
C9 aO 0 49.9975FF 
CIO 4507 0 22.0446FF 
Cl 1 4505 0 18.8658FF 
C12 4482 0 6.82344FF 
Cl 3 4467 0 6.12144FF 
C14 4440 0 22.4266FF 
Cl5 4427 0 9.97272FF 
C16 4415 0 10.8302FF 
Cl 7 4412 0 10.3594FF 
C18 U8/cmosinvl 3/out_2 0 
22.9252FF 
C19U8/cmosuivl 4/out 2 0 
18.8428FF
C20 4325 0 22.4266FF 
C2I 43100 9.97272FF 
C22 4298 0 10.8302FF 
C23 4294 0 10.3594FF 
C24 U8/cmosinvl_3/out 0 
24.6888FF
C25 4267 0 22.4266FF 
C26 4256 0 9.97272FF 
C27 4243 0 10.8302FF 
C28 4241 0 10.3594FF 
C29 41990 6.82344FF 
C30 4187 0 6.12144FF 
C31 b8 0 39.8639FF 
C32 a8 0 20.3612FF 
C33 4160 0 22.0446FF 
C34 4158 0 18.86S8FF 
C35 4113 0 22.0446FF 
C36 4111 0 18.8658FF 
C37 Gnd 0 5594.33FF 
C38 4098 0 6.82344FF 
C39 4089 0 6.12144FF 
C40 4048 0 9.67752FF 
C41 4032 0 14.6966FF 
C42 4024 0 2.82528FF 
C43 4018 0 5.65056FF 
C44 U9/cmosinvl_l/out 0 
18.5674FF
C45 3957 0 10.8302FF
C46 U9/cmosinvl_3/out 0 
21.4661FF
C47 U8/rcacanyc_l/coc 0

34.79FF

C48 3921 0 22.4266FF
C49 3905 0 9.97272FF
C50 3890 0 10.3594FF
C51 bl 0 31.4789FF
C52 U9/cmosinvl_l/in_3 0 
35.2415FF
C53U8/rca_pi 1/pi 1 0 
47.4253FF
C54 3863 0 22.0446FF
C55 3861 0 18.8658FF
C56 3838 0 6.82344FF
C57 3823 0 6.12144FF
C58 U8/cmosinvl_4/out 10 
18.7002FF
C59 3774 0 6.82344FF
C60 3761 0 6.12144FF
C61 U9/cmosinvl_l/in_2 0 
34.9132FF
C62 a2 0 33.3536FF
C63 b2 0 17.475 IFF
C64 3729 0 22.0446FF
C65 3727 0 18.8658FF
C66 U9/cmosinvl_3/out 2 0 
21.7231FF
C67 U9/rca_pi_l/bic 0 
22.2664FF
C68 3657 0 22.4266FF
C69 3644 0 9.97272FF
C70 3629 0 10.8302FF
C71 3626 0 10.3594FF
C72 U8/cmosinvl 3/out 1 0 
24.4415FF
C73 US/cmosinvl 4/out 0 
21.2663FF
C74 biO 0 42.8902FF
C75 alOO 30.1271FF
C76 3598 0 22.0446FF
C77 35960 18.8658FF
C78 3575 0 6.82344FF
C79 3563 0 6.12144FF
C80 U9/cmosinvl_l/m 0 
41.9234FF
C81 U8/rcacarryc_l/coc_l 0 
34.79FF
C82 al 0 54.4477FF
C83 3528 0 22.4266FF
C84 3520 0 9.97272FF
C85 3506 0 10.8302FF
C86 3504 0 10.3594FF
C87b9 0 55.005IFF
C88 U9/cmosinvl_4/out_2 0 
18.1872FF
C89 a9 0 32.7748FF

C90 U9/cmosinvl 3/out 1 0 
23.233FF
C91 3410 0 10.8302FF

C92 Ul0/cmosinvl_4/out 0 
19.8288FF
C93 U9/cmosinvl 2/out 0 
22.8766FF
C94 3378 0 22.4266FF 
C95 3360 0 9.97272FF 
C96 3345 0 10.3594FF
C97 U9/rca_pi_l/bic 2 0 
21.0092FF
C98 U9/rca_pi_l/pi_2 0 
40.7048FF
C99 b7 0 35.6026FF 
Cl 00 a7 0 53.334FF 
C101 3320 0 22.0446FF 
C102 3318 0 18.8658FF 
Cl03 3293 0 6.82344FF 
C104 3289 0 2.82528FF 
C105 3277 0 6.12144FF 
C106 cl 0 71.2213FF 
C107 U10/cmosinvl_l/out 0 
20.0772FF
Cl 08 U10/cmosinvl_2/out 0 
20.3818FF
Cl09 3246 0 9.67752FF 
Cl 10 3227 0 14.6966FF 
Cl 11 3210 0 5.65056FF
Cl 12 U10/cmosinvl_l/in_2 
0 47.3006FF
Cl 13 3121 0 22.4266FF 
C114 3107 0 9.97272FF 
Cl 15 3092 0 10.8302FF 
Cl 16 3089 0 10.3594FF 
Cl 17 b!2 0 57.0524FF 
C118al2 0 39.3116FF 
Cl 19 3060 0 22.0446FF 
C120 3058 0 18.8658FF 
C121 3039 0 6.82344FF 
C122 3027 0 6.12144FF 
C123 3003 0 22.0446FF 
C124 3001 0 18.8658FF 
C125 2979 0 6.82344FF 
C126 2967 0 6.12144FF
C127 U10/cmosmvl_l/in 0 
34.7576FF
Cl28 2941 0 9.67752FF 
C129 2928 0 14.6966FF 
C130 2916 0 2.82528FF 
C131 2911 0 5.65056FF
Cl 32 U10/cmosinvl_l/in 4 
0 31.0946FF
C133 U10/cmosinvl_3/out 0 
24.2384FF
C134 2798 0 9.67752FF 
Cl 35 2779 0 14.6966FF 
Cl36 2768 0 2.82528FF 
C137 2762 0 5.65056FF 
Cl 38 2732 0 22.4266FF
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Cl 39 2721 0 9.97272FF 
C140 2707 0 10.8302FF 
Cl 41 2704 0 10.3594FF 
C142 UI l/cmosinvl_3/out_l 
0 21.3948FF
C143 2664 0 6.82344FF 
C144 2652 0 6.12144FF 
Cl 45 b3 0 45.5175FF
Cl46 UlO/cmosinvl l/in_l 
0 43.2562FF
C147 a3 0 56.3103FF 
CMS 2610 0 22.0446FF 
Cl 49 2608 0 18.8658FF 
C150 U10/rca_pi_l/aic_l 0 
22.4003FF
Cl51 U10/rca_pi_l/bicJ 0 
24.9721FF
C152 2548 0 22.4266FF 
Cl 53 2534 0 9.97272FF 
Cl 54 2519 0 10.83Q2FF 
C155 25160 10.3594FF 
C156b4 0 59.51FF 
C157 2472 0 6.82344FF 
C158 2458 0 6.12144FF 
C159 a4 0 40.1765FF
C160 UI 1/cmosinvl _I/in 2 
0 39.055FF
Cl 61 2398 0 18.8658FF 
C162 2388 0 22.0446FF 
C163 U10/cmosinv]_]/in_3 
0 36.5569FF
C164all 041.8655FF 
Cl 65 2350 0 22.4266FF
C166 2337 0 9.97272FF 
C167 2322 0 10.8302FF 
C168 2319 0 10.3594FF
Cl 69 U10/rca_si 1/picO 
19.859FF
Cl 70 bl 1 0 81.5303FF
C171 UlO/cmosinvl 2/out_l 
024.4469FF
C172 2230 0 2.82528FF 
C173 Ull/rca_si_l/cicO 
I8.5209FF
Cl 74 UI 1/cmosinvl 1/out 2 
0 17.5208FF
C175 2186 0 9.67752FF 
C176 2167 0 14.6966FF 
C177 2152 0 5.65056FF 
Cl 78
U4/8rca_l /4rca_2/rcafulladd 
er_4/rcasum_l/Nl_l 0 
0.23976FF
C179 2117 0 22.4266FF 
C180 2109 0 9.97272FF 
C181 2097 0 10.8302FF 
C182 2094 0 10.3594FF

C183 UI 1/cmosinvl 4/out_2 
0 21.3656FF
C184 2063 0 22.0446FF 
Cl 85 2061 0 18.8658FF 
C186 2049 0 6.82344FF 
C187 2034 0 6.12144FF
Cl88 Ull/rcacanyc l/coc_l 
0 35.1184FF
C189 U12/cmosinvl 1/in 3 
0 34.9132FF
Cl 90 1979 0 9.67752FF 
Cl 91 1966 0 14.6966FF 
C192 1956 0 2.82528FF 
C193 1951 0 5.65056FF
C194 Ull/rca_pi l/pi_l 0 
53.1806FF
Cl95 UI 1/cmosinvl 3/outO 
22.2145FF
Cl96 UI 1/cmosinvl 4/outO 
22.9079FF
Cl 97 1859 0 22.0446FF 
C198 1857 0 18.8658FF 
C199 c4 0 53.4575FF 
C200 1840 06.82344FF 
C201 1824 0 6.12144FF
C202Ull/cmosinvl_l/in 3 
0 34.79FF
C203 1780 0 22.4266FF 
C204 1770 0 9.97272FF 
C205 1756 0 10.8302FF 
C206 1753 0 10.3594FF 
C207 UI l/rca_pi 1/aicO 
22.4003FF
C208 1698 0 10.8302FF
C209 UI l/cmosinvl_4/out 1 
0 21.2663FF
C210 1672 0 22.4266FF 
C211 1664 0 9.97272FF 
C212 1652 0 10.3594FF
C213 U12/rca si 1/pi 0 
44.2091FF
C214 U12/cmosinvl 2/out0 
21.141FF
C215 1596 0 10.8302FF 
C216U12/rca si 1/picO 
20.0999FF
C217 c2 0 102.05IFF 
C218bl3 0 52.3494FF 
C219 1559 0 22.4266FF 
C220 1537 0 9.97272FF 
C221 1522 0 10.3594FF 
C222 U12/rca_pi_l/bic_l 0 
23.7222FF
C223 U12/cmosinvl_3/out 0 
21.1378FF
C224 al 3 0 52.177FF
C225 1491 022.0446FF 
C226 1489 0 18.8658FF

C227 1471 0 6.82344FF 
C228 1455 0 6.12144FF 
C229 U12/rca_si_l/pic 1 0 
18.3103FF 
C230 c7 0 103.468FF 
C231 U12/cmosinvl l/in_l 
0 56.0972FF
C232 U12/cmosinvl_2/out 1 
0 21.9942FF
C233 1350 0 22.4266FF 
C234 1335 0 9.97272FF 
C235 1320 0 10.8302FF 
C236 1317 0 10.3594FF 
C237
U5/8rca_2/4rca_l /rcafulladd 
er_l/rcasum 1/cicO 
0.23976FF "

C238 1284 0 22.0446FF 
C239 1282 0 18.8658FF 
C240 1260 0 6.82344FF

. C241 1244 0 6.12144FF 
C242 c5 0 92.6525FF 
C243 a5 0 38.8501FF 
C244 b5 0 79.9438FF 
C245 U12/cmosinvl_l/in_2 
0 34.2565FF
C246 1206 0 9.67752FF 
C247 1184 0 14.6966FF 
C248 1172 0 2.82528FF 
C249 1166 0 5.65056FF 
C250 clO 0 67.0666FF
C251 U12/cmosinvl_4/out0 
22.209IFF
C252 U12/cmosinvl_3/out_l 
0 21.466IFF
C253 1134 0 9.67752FF 
C254 1114 0 14.6966FF 
C255 1103 0 2.82528FF 
C256 1097 0 5.65056FF 
C257 U12/rca_pi_l/aic_l 0 
22.3182FF
C258 U12/cmosinvl_4/out_2 
0 19.1722FF
C259 1020 0 22.0446FF 
C260 1018 0 18.8658FF 
C261 1010 0 6.82344FF 
C262 1000 0 6.12144FF 
C263 U13/cmosinvl_3/out 0 
23.8896FF
C264 b6 0 55.0048FF
C265U13/cmosinvl 4/outO 
18.2585FF
C266a6 0 75.1131FF 
C267 918 0 2.82528FF 
C268 U13/cmosinvl 1/in 1 
0 34.3278FF
C269 857 0 2.82528FF 
C270 852 0 5.65056FF
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C271 845 0 5.65056FF 
C272 b!4 0 65.9068FF 
C273 775 0 2.82528FF 
C274 U13/rca_pi_l/bicO 
25.9078FF
C275 UI 3/cmosinvl _3/out_l 
0 21.0665FF
C276al4 0 43.715FF 
C277 711 0 2.82528FF 
C278 702 0 5.65056FF
C279 UI 3/cmosinvl _2/out_l 
0 24.2773FF
C280 639 0 5.65056FF
C281 U13/cmosinvl_l/out0 
19.6949FF
C282 cl 1 0 81.1397FF
C283 UI 3/cmosinvl _l/in_2 
0 54.1152FF
C284 581 0 2.82528FF 
C285 575 0 5.65056FF
C286 UI 3/cmosinvl _l/out_2 
0 22.261 FF
C287 UI 3/cmosinvl _1 /in 0 
41.4113FF
C288 UI 3/cmosinvl _2/out_2 
0 22.2685FF
C289 5I7 0 2.82528FF 
C290 511 0 5.65056FF
C291 UI 3/cmosinvl _l/in_3 
0 50.6941FF
C292 456 0 2.82528FF 
C293 451 0 5.65056FF 
C294 al 5 0 72.4423FF 
C295 bl 5 0 88.2979FF 
C296s0 0 64.131 IFF 
C297 si 0 57.4785FF 
C298 s3 0 48.8034FF
C299 s4 0 52.6869FF 
C300 373 0 14.6966FF 
C301 U14/rca_si_l/pi_4 0 
32.9288FF
C302 U14/rca_si_l/pic_2 0 
23.0123FF
C3O3 s6 0 29.326FF
C304 U14/cmosinvl 2/out_5 
0 22.68FF
C305 s7 0 28.327FF
C306 U7/c5 0 0.23976FF
C307 341 0 9.67752FF 
C308 338 0 9.67752FF
C309 U14/cmosinvl_l/in 6 
0 59.3618FF
C310 328 0 14.6966FF
C311 U14/rca_si_l/pic 0 
19.562FF
C312 s90 99.2794FF 
C313s2 0 67.8618FF

C314 U14/cmosinvl_2/out 0 
23.2049FF
C315sll 0 69.3769FF
C316 812 0 62.7035FF
C317 U14/rca_si_l/cic_3 0 
18.1796FF
C318 U14/cmosinvl l/in_3 
043.7798FF
C319 si 3 0 28.6067FF
C320 U14/rca_si_l/pic 5 0 
19.562FF
C321 S8 0 55.7129FF 
C322 240 0 9.67752FF
C323 U14/cmosinvl_l/in_4 
0 35.6094FF
C324 224 0 14.6966FF
C325 si 5 0 49.3859FF
C326c00 84.3901FF
C327 sl4 0 29.8454FF
C328 U14/rca_si_l/pic 1 0 
18.9054FF
C329 c3 0 83.5947FF
C330 U14/cmosinvl_2/out_3 
0 24.1898FF
C331 184 0 9.67752FF
C332 169 0 14.6966FF
C333 s5 0 51.9833FF
C334U14/rca si 1/pic 4 0 
18.1775FF
C335 c60 97.391 FF
C336 U14/cmosinvl 2/out 4 
0 23.4619FF
C337 141 0 9.67752FF
C338 U14/cmosinvl l/in_7 
0 48.9537FF
C339 122 0 14.6966FF
C340 c8 0 74.6593FF
C341 slO 0 50.7445FF
C342 U14/rca_si_l/pic_3 0 
19.2337FF
C343 91 0 9.67752FF
C344 U14/cmosinvl_l/in_5 
0 62.6087FF
C345 76 0 14.6966FF
C346 c9 0 55.0552FF
C347 U14/cmosinvl_2/out_2 
024.1898FF
C348C12 0 98.7104FF
C349C13 0 117FF 
C35O 47 0 9.67752FF
C351 U14/cmosinvl_l/in_l 
042.6217FF
C352 33 0 14.6966FF
C353 c!4 0 30.5892FF
C354 U14/cmosinvl_2/out_l 
022.3517FF
C355 U14/cmosinvl_l/out_l 
021.2576FF

C356 cl5 0 16.5776FF
C357 VddO 6260.12FF
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APPENDIXA8

Program to calculate all possible input patterns for 4-bit adders

clear all
n=input(•input no. of bits = ’) 
for i=0:(2*n)-1
quot=i;
for j=l:n
c(j)=rem(quot, 2) ;
quot=fix(quot/2);
end
a(i+1,:)=c;
end
a
save inpgen4.mat a

Programs to calculate average number of gate output transitions for different 4-bit 
adders for fully static CMOS logic design style.

Fully static CMOS logic design style

1) Program for Ripple cany adder

clear ail n21(i)°xof(nl9(i), cl=cl+l; end;
load iapgcn4.mil end; if nlO(i)==nlO(j);
a n22(i)=no((nl9(i)X if n2(i)=n2(jy. clO^lO;
n=inpulfiapul no. of bits y3-«ad(a(i,kXa(i,(k+l))) c2=c2; else;

else; cl0=cl0+l;
x3-or(a(iJc),a(U(k+ D))*, c2=c2+l; end;

for i“ 1:512; z3sand(x3>nl6G)X end; if nll(i>=nll(jX
nl(i)=not(a(i,l)); n23(i)E,i>ot(or(z3,y3)); if n3(i)=n3(jX cll-cll;
n2(i>=no«a(U)y. n24(i>=DOt(n23(i)X c3**c3; else;
n3(i)-xa<a(i,lM<i.2)); k-7; else; cll-cll+1;
t^iXmotfafi^lk n25(i>-not(a(i,k)); c3°c3+l; end;
n5(i)=xoc(n3(iX a(i,p)); n26(i)=not(a(iI(k+l))X end; ifn!2(iy=nl2(j);
n6(i)-not(n3(i)X n27(i)=xo((a(Uc),a(iXk+ if n4(i)“n4(j) C12-CI2;
y^andfafullXUlh 1))); c4=e4; else;
xl=oi(a(i,lXa(U)X n28(i)=DOt(n24(i)); else; C12-C12+1;
zl°and(xlX^p)X n29(i)aX£x(n27(i), c4=c4+l; end;
n7(i)=not(a(zl,yl)); n24(i)X end; if nl3<i)=nl3(jX
n8(i>cnoUn7(i)X n30(i)imot(n27(i)X if n5(i)“S![n50y. cl3°cl3;

y4°and(a(UtXa(>.(k+ 1») c5“c5; else;
k=3; else 613=013+1;
n9(i)=nc«a(ijc)); x4=w<a(iM«(i 1 ))X c5=c5+l; end;
nlO(i)=mot(a(iXk*l))K z4sand(x4tnl6(i)X end; if nl4(i)“=nl4{j);
nl l(i)=XDita(iJcJ,a(i,(k+ n3I(i)=not(or(z4,y4)); if n6Ci)=n6(j) c!4=cl4;
1»K n32(i>=not(n31(i)X c6=c6; else;
nl2(i)=not(n8(i)X end; else; cl4=cl4+l;
nl3fiy*xor(nl l(i\ cl“O; c6=c6+l; end;
n8<i)k e2=O;c3=O;c4“O;c5“O;c end; if nlSfiy^nlStjX
n!4(i)=D0t(nll(i)X 6=O^7=O;c8=O;c9=O;c 1 if n7(i)==n7(j) cl5=cl5;
y2»and(a(Uc)Xi.(k* 1))) l=O;cl2=O-/:13=O c7=c7; else;

x2=ot(a(iJc).XiXk+l))h
;cl4“O;cl 5=O;cl6=O;c 1 else; cl5=cl5+l;
7=0; c7=c7+l; end;

z2=and(x2^>8(i)); cl8“O;cl9=O;c2O=O;c21 end; if n!6(i)“nl6(j);
nl5(i>=not(<«(t2,y2)); =O;c22=O;c23=O;c24=O; if n8(i)=n8(j); cl 6=c 16;
n!6(i)=not(nl5(i)y. c25=0;c26=0;c27=0;c28 c8=c8; else;

=0;c29=0;c30=0;c31=0; else; cl6“cl6+l;
k=5; c32=0; c8=c8+l; end;
nl7(i>=no<(«(iA)); for i=l:512; end; if nl7(i)=nl7(j);
nl8(i>=not(a(iXk+l))y. forjal:512; if n9(i)“nf)(jX cl7=cl7;
n!9(i)“xa(a(U0,a(i»(k+ if nl(i)“nl(jh c9»c9; else;
1))X cl=cl; else; C17-C17+1;
n20(i)=not(nl6(i)X else; c9=c^-l; end;
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if n!8(i)==nl8(jy. else; end; c31=c31;
cl8=cl8; c22=c22+l; if n27(i)=n27(jX else;
else; end; c27“c27; c31“c31+l;
c!8=el8*l; if n23(i)=n23(jy. else. end;
end; c23=c23; c27=c27+l; if n32li)=n32(j);
if n!9(i)”nl9(jh else; end; c32-c32;
c!9=cl9; c23“c23+l; if n28(i)=n28(j); else;
else; end; c28=c28; c32=c32+l;
cl9-el9+l; if n24(i)=n24(j); else; end;
end; c24-c24; c28=c28+l; end;
if n20(i)=n20(jh else; end; end;
c2O=c2O; c24=c24+l; if n29(i)==n29(j); count =c 1 +c2+c3 +c4+c5
else; end; c29=c29; *c6+c7+e8+c5HclO+cl1
c2O-c2O*l; if n25(i)“n25(j); else; +«12+el3+cl4+cl5+cl6
end; c25=c2S; c29-c29+l; +cI7+cl8+cl9+c20+c21
if n21(i)==n2 l(j); else; end; +c22+c23+c24+c25+c26

c2l=c21; c25°c25+l; if nSOfiy—nSOO'h +c27+c28+c29+c30+c3I
else; end; c30=c30; +c32;
c21=c21*l; if n26(i)r,=n26(jy. else; aver=coual/(512*512);
end; c26=c26; c30°c30+l; save nesrea-tnat aver
if n22(i)san22(j); dec; end;

c22°c22; c26-c26+l; if n3l(i)“n31(j);

2) Program for Cany skip adder

clearall; n23(i}=not(of(z3,y3)y. end; ell-ell;
load tnpgcn4^aat; n24(i)*not(n23(i )X If nifiy^nl^j); else;
a; c2=c2; cll-cll+1;
n^tnpulftnpul k=7; else; end;
no-ofixta^ n25(iy=no<(a(Uc)); c2=c2+l; if nl2(i>=nl2(iy.
P“(2*n)+1; n26(i)°not(a(i/k+l))y. end; C12-C12;
fori-1:512; n27(i)=xor(a(i,k),a(i,(k+ Ifn3(i)==n3(jy, else;
nKiy^xMfaCi.l)); I))* c3=c3; cl2“cl2+l;
n2{i)=no<{a(ir2)); n28(i)=noC(n24(i)X else; end;
nKi^-xorfali.lXatU)); n29(i)=xor(n27(i)^i24(i) c3=c3+l; if nl3(i)“nl3(j);
n4(i)=not(Xi4>)k y. end; cl3=cl3;
n5(i >=xor<n3{i)>Up)y. n30(i)=not(n27(i)y, If n4(i)==n4(j) else;
n6<i)=DOt(n3(i)K y4=and(a(ijc)Xi,(k+1))) c4=c4; cl3“cl3+l;
yl-awKMiJWU)); • else; end;
xl^M(a(i,lXXir2)); x4°o(a(iJcXa(iXk*l))X e4=e4+l; if nl4(i)==nl4{jX
zl=and(xl,a(i,5)); z4ssnd(x4>n24(i)K end; cl4°cl4;
n7(iy=nc«or(zl,yl)); n31(i)=not(o<(z4,y4)); if n5(i)==n5(jX else;
n8(i)-not(n7(i)X n32(i)=not(n31(i)k c5=c5; C14-C14+1;

s=and(ti3(i),nl l(i)); else end;
k°3; gpaad(nl9(i)^i27(i)X c5=c5+l; if nlSCiy^-nlSOX
n9(i)=not(a(ijc)); n33(i)=>not(and(s,g)); end; cl5“cl5;
nlO(i)EDct(a(i41c*l))X n34(iH»t(n33(i)X if n6(i)=n6(j) else;
nl l(i)=Twrta(iJt),a(i,(k+ n35<i)=not(aDd(n34(i),a( c6=c6; cl5“cl5+l;
i))h i.p»y. else; end;
n^iy^xdtnSC)); n36(i)=D0t(n35(i)X c6°c6+l; if nl^iy—nldOX
n!3(i)aXM(nl l(iXn8(i)); n37(i)anot(<x(n36(i)ln32 end; cl6°cl6;
nl4(i)-not(nll(i)h («»y. if n7(i)aDDn7(j) else;
y2-and(a(iTk)Xi,(k+1))) n38(i)anot(°3,y(>)X c7“c7; cl6°cl6+l;

end; else; and;
^■^aCUcJXiA+l))); cl=O; c7“c7+l; if nl7(i>“”nl7(j)-.
z2=and(xXD8(i)K c2sO^3EO;e4E4);e$IEO;e end; cl7“el7;
n15<i)snc«(o((z2,y2)); 6=O;c7'=O;c8c^);c9=O;c 1 if n8(i)=n8(jX else;
nI6(i)°not(nl5(i)X O0;cl l“0;cl2=0;cl3“0 c8=c8; cl7®cl7+l;

;c 14=O;c 1 S^el^^c 1 else; end;
k=5; 7=0; c8“c8*l; if n!8(i)=nl8(jX
nl7(i)=not(a(Uc)); cl8,IO;cl9=O;c2O=O;c21 end; cl8-el8;
nl8Ci)=not(MUk+l))X c0;c22=0;c23i:O;c24=0; if n9(i)=n9(jy, else;
n 19(i)sxa(aCUcXa(iA* c25-Ox26=O;c27M);c28 c9-c9; cl8=cl8+l;
l))X -0;c29“0;c300;c31-0; else; cad;
n2O(iy=noUnl6(i)y. c32-O;c33-O;c34=O;c35 c9stc9+l; if nl9(i)=,nl9(jX
n21(i)=«x(nl9(iXal6(i) “O;c361IO;c37=O;c38=O; end; cl9=c!9;
y. fori=l:512; if nlO(i)=nlO(jy. else;
n22(i)-not(nl9(i)r, forj=l:512; clO“elO; C19-C19+1;
y3=and(a(i,k)Xi,(k+1))) if nl(i)=nl(jy, else; end;

cl“cl; clO=clO+l; ifn20(iy=Ti20(jK
i3=o(a(U),«(iA+l))y. else; end; 020-620;
zS^ancKxS^l^iJK cl=cl+l; if nl l<i)==nll(jX else;
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c20=c20*l; c27=c27; end;
end; dsc; if n34(i)=^n34(jy.
if n21(i)“n2l(jy. c27=c27+l; c34°c34;
c21“c2l; end; else;
dae. if n28(i)®«n28(jy. c34“c34+l;
c21=c21*l; c28°c28; end;
end; else; if n35(i)”n35Gy.
if n22(0=n22(jy. c28=c28+l; c35=c35;
c22=c22; end; else;
dsc; if n29(iyc=n29(jy, c35=c35+l;
c22-c22*l; c29-c29; end;
end; else; if n36(i)=xsn36(jy.
if n23(i)=ran23(jyt c»=c»+l; c36=c36;
c23=c23; end; else;
else; if nsooy^Tisooy. c36“c36+l;
c23=c23*l; c3O“c3O; end;
end; else; if n37(i)==n37(jy.
if n24{i)=n24(j); c3O=c3O+l; c37=c37;
c24°c24; end; else;
else; if n31(i)=n31(jy, c37=c37+l;
c24=c24+l; c31-c31; end;
end; dsc; if n38(iy*l=n38(jyi
ifn25(i)“n25(j); c31-c31+l; c38=c38;
c25“c25; end; else;
die; ifn32(i)”n32(j); c38=c38+l;
c25=c25+l; c32=c32; end;
end; else; end;
if n26(i)=n26(jy. c32=c32+l; end;
c26=c26; end; count=c 1 +c2+c3 +c4+c5
dac; if n33(i)==n33(jk +c6+c7+c8+c9+cl0+cl1
c26=c26*l; c33=c33; +cl2+cl3+cl4*cl5*cl6
end; dsc; +cl7+c18+c 19+c20+c21
if n27(i)“n27(jk c33“c33+l; +c22+c23+c24+c25+c26

+c27+c28*«29+<30*c31 
+c32+c33+c34+c35 +c36 
*c37+c38;
avcrRxxmt/(312*S12X 
save rcscskmatovcr

3) Program for Cany select adder

dear all 
load uipgeo4.mat 
a
□cmpuifmputno. of bits 
“I 
P“(2*n)*l 
fori-!:512; 
cinl^O; 
nl(i)"not(a(i,l)X 
n2(i)=not(a(i,2)X 
n3(i)=azM(a(i,l)^(i,2)X 
r^O^noUciniy, 
nS(i)**xoc(n3(i), ciniy, 
tj6(i)°not(n3(i)); 
y|°and(a(i,l),a(i,2)); 
xl“<xta(i,l)Xi,2)y, 
zlc*and(xl,cml); 
n7(i)=DO<(o<<zl,yl)y, 
n8(i)aMt(n7(i)y,

k°3;
n9(i)=DoC(a(tk)X

nl l(i)*xor(a(i,k),a(i.(k+ 
1))X 
n!2(i)=DOt(n8(i));

nldfi^votfnl l(i));

yZ-andfXUWtfk+l)))

x2°oc(a(Uc)Xi.(k+l)))'. 
z2"tnd(x2^8(i)X 
nlS(»)“not(a<z2,y2)fc

k=5;
n!7(i)>not(XU)k 
n!8(i)Rwt(a(i,(k+l))); 
nl9(i)-xorfa(iM«(i,(k+ 
l))X 
n20(i)°not(D16(t)); 

n21(iy=xxx(nl9(iXnl6(i) 
X, 
n22(i)=no<(nl9(i));

y3=’ind(a(i,k),a(i,(k+1)))

’x3°or(a(i^)Xi,(k*l))); 
z3saad(x3,nl6(i)); 
n23(i)cno<(or(z3,y3)y, 
n24(i)-not(n23<i)y,

k=7;
n25(i)=not(*(Ut)y, 
n26(i)*n<rt(a(t,(k+l))); 
n27(i)=xa(a(i,k),a(i,(k+ 
I))* 
n28(i)=no<(n24(i)); 
n29(i)=xoc<n27(iXn24(i) 
K 
n30(iy=Bot(n27(i));

y4=and(a(Uc)Xi.(k+1)))

x4«or(XUcXa(>.(k+l))); 
z4s«Dd(x4^24(i));
n31(iH»<X(<M<z4.y4)X 
n32(i)*not(n3 i(i)); 
cin2=l;
n31(i>w>t(a(i,l)k

n32(i)*not(a(i,2)y,

n3X«>=x»(X«,lXJi^)); 
n34(i)sno<(cin2y> 
n35(i)°xof(n33(i), 

einS);
n36(i)^xX(n33<i)), 
yS-and(a(itl),«(i,2)y, 
x5-or(a(iTl)X>.2)X 
zS°and(x5,cm2X 
n37(i)snot(or(zS,y5)y. 
n38(i)«no«n37(i));

k°3;
n39(i)°not(a(ik)y, 
n4O(i)«no<(a(i.(k+l))); 

n4 l(i>-xor(a(i>k)>a(i,(k+ 
1)» 
n42(i)=not(n38(i));

43(i)-xo((nl l(i),n38(i)); 
n44(i)Enot(n41(i));

y6=and(a(i,k),a(i,(k+1)))

x6=or(XUc)X>,(k*1)»; 
z6Band(x6tn38(i));
n45(i)Bnot(or(z6,y5)K 
n46(i)R>ot(n45(i));

k=5;
n47(i)=no<(a(i.k)); 
n48(i)n»ot(a(i,(k+l))); 

n49(iyT«xta(iMa<i.(k+ 
I))* 
n50(j)”not(n46(i));

nS I(i)=xor(n49(i\n46(i) 
y.
n52(i)!zuot(n49(i));

y7°and(*(i,k),a(i,(k+1)))

x7-or(a(UC)X«.(k+l)»; 
z7“and(x7,D46(i));
n53(i>“noC(or(z7,y7)y, 
oS4(i)cDot(nS3(i));

k=7;
n55(i)=no<(a(i,k)y, 
n56<i)=no<(a(i,(k+l))); 
n57(i)=xor(a(iM»<i,(k+ 
I))*
n58(i)EBot(ti54(t));
n59(i)=XDr(n57(iXn54(i) 
);
n60(i)=oot(n57(i));

y8=and(a(Uc)Xi,(k+1)))

x8°or(a(Uc)Xi.(k*l)))-. 
z8=and(x8,n54(i));
n61(i)cnot(or(z8,y8)); 
n62(i)°no((D61(i));

n63fi)Enot(aad(t>62(i),a( 
«.P))fc 
n64(i)anot(n63(i));

n65(i)>°not(oi(n64<i)^i32 
(»)));
nGdOy^not^ndSfi)); 
n67(i)°not(n5(i));
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else ebe; ebe; ebe;
c48=c48*l; c58^58+l; c68=x68+l; c78=c78+l;
cod; end; end; end;
if o49(i)“n49(j) if n59(i)“=n59(j); ifn69fi)’-n69(j); if n79(i)=IIn79(jy,
c49“c49; c59^c59; c69=c69; c79-c79;
ebe; ebe; ebe; ebe;
c49^49*l; c59-c59+l; c69°c69+l, c79=c79+l;
end; end; end; end;
if n5O(i>==n5O(j) if n60(i)=n60(j); if n70(i)==n70(j); ifn8O(i)=n8O(jy,
c5O=c5O; c60=c60; c70=c70; c80=c80;
ebe; ebe; ebe; ebe;
c5O=c5O+l; c60=c60+l; c70=c70+l; c80=c80+l;
end; end; end; end;
if n51(iy“Ti51(jy, if n61(i)=n61(j); if n71(i)=n71(j); if nS l(i)"n81(j);
c51°c51; c6l"c61; c71“c71; c81-c81;
ebe; ebe; ebe; ebe;
c51°c51*l; c61"c61+l; c71=c71+l; c81-c81+l;
end; end; end; end;
if n52(i>=n52(jy. if n62(i)=n62(jy. if n72(i)=n72(j); if n82(i)==n82(j);
c52=c52; c62-c62; c72=c72; c82=c82;
ebe; ebe; ebe; ebe;
c52-c52+l; c62=c62+l; c72=c72+l; c82°c82+l;
end; end; end; end;
if n53(i)=n53(jX if n63(i>IOD63(j); if n73(i)=n73(j); end;
c53=c53; c63«c63; c73=c73; end;
ebe; ebe; ebe; count-c 1 +c2+c3+c4+c5
053^53*1; c63=c63+l; c73=c73+l; +«6+c7+c8+c£+el0+cl 1
end; end; end; +cl2+cl3+cl4+cl5+cl6
if n54(i>=n54(jy. if n64(i),=n64(j); if n74(i)=n74(j); +c17+c18+el9+c20+c21
c54=c54; c64=c64; c74=’c74; +c22+c23+c24+e25+c26
ebe; ebe; ebe; +c27+c28+c2»+c30+c31
c54=c54+l; c64^c64+l; c74=c74+l; +c32+«33+c34+c35+c36
end; end; end; +c37+c38+c39+«40+c41
if nSSfiy^nSSOK if n65(i>II=D65(j); if n75(i)OTn75(jy, +c42+c43+c44+c45+c46
cSS^cSS; c65-c65; c75“c75; +c47+e48+e49+c50+c51
ebe; ebe; ebe; +c52+c53+c54+c55+c56
c55-c55+l; c65*<65+l; c75“c75+l; +c57+c58+c59+c60+c61
end; end; end; ♦c62+c63+c64+c65+c66
if n56(i)==n56(jX ifn66(i)=n66(j); if n76(i)=n76(j); +c67+c68+c69+c70+c71
c56=c56; c66ac66; c76=c76; +c72+c73+c74+c75+c76
ebe; ebe; ebe; +c77+e78+c79+80+c81
c56=c56+l; c66=c66+l; c76=c76+l; +c82;
end; end; end; aver=count/(512*512);
if n57(i)==n57(jk if n67(i)ni~i>67(j); if n77(i')a=nTJ(jy, save reacrlmai aver
c57“c57; c67=«67; c77=c77;
ebe; ebe; ebe;
c57=c57+l; c67=c67+l; 077^77+1;
end; end; end;
if n58(i>“n58(jy. if n68(i)»=i»68<j); if n78(i)=n78(j);
c58ac58; c68ac68; c78=c78;

4) Program for Conditional sum adder

dev all
load tnpgeo4 jnat

tr»cnpatCtaputao. of bile 
“D 
p“(2*n)+l 
for i—1:512;
nl(iy=no<(a(i,l));
n2(i)-Mt((a(U))k 
n3(i)=xot(a(i,l),a(it2)y. 
n4(i)=not((n3(i)));
nXi^wtfxoitafi, W 

Ml 
nd(iy>not(a5(i)X 
n7(i)=not(and(a(i,lXa(i.
2))K
D86rooKn7(i)k 
n9(i)=DoU«ta(i,l),a(i.2) 
)X

nlO(i)-no«n9(ia 
n41(i)-DOt(D6(i)X 
n42fi>-noC(D4(i)); 
n43(i)anct(a(Lp)X 
n44(i>*a^(and(a(i,p)>n6( 
i))K(and(n43(iXn4(i)))y,

k=3;
nll(i)=not(a(ijc));
nl2(i)"not((a(iA+l)))y, 
nlXi)sx«(a(iMa(i,(k+ 
I))* 
nl4(i)-not((nl3(i))X 
nl5(iK»o((xatKU),a(i. 
(k+i)»);
nl6(i)=not(ol5C0k 
nl7(iy°not(and(a(i,kXa(i 
a+dwx 
nl8(i>anot(nl7(i)y, 

nl9(iyT»ot(orta(iJcXa(i,( 
k+DDX 
n20(i)=not(nl9(i)X 
n4$(i)BMt(nl6(')X 
n^iy^notfnldti)); 
n47(i)-no((n8<i)X 
n48(i)Bo<((and(n8(iXnl6 
(i))),(and(n47(i),nl4(i))) 
x
n49(i>=oot(nl6(i)y, 
n5O(i)=not(nl4(i)X 
n51(i)snot(nlO(i)X 
o52(i)=<x((«ixl(nlO(i)^l 
6(i))Mand(n47(iXnl4(i)) 
)X
n53(i):anot(n48(i)X 
n54(i)-not(n52(i)X 
n55(iH»ot(a(i,p)y, 

n56(i)°ar((and(a(i,pXn4 
8(i))M««Kn55(iXn52(i)) 
));
n57(i)=nc<(nl8(i)X 
n58(i)=not(n20(i)X 
n59(i)“DOt(n8(i));
□60(i)-<x((aad(n59(iXn2 
0(i))X(aod(n8(iXnl8(i))) 
X
n6l(i)=not(nl8(i)); 
n62(i>=noC(n2O(i)y, 
n6M«)«not(nlO(i)X 
n64(i)aoc((aDd(n63(i)tn2 
0(i))Mand(nl0(iXnl8(i)) 
)X

k“5;
nZUDrotfafitk));
n22(i>-not((a(i,(k+l)))y.
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end; elv. if n62(i)=n62(jy. c76»c76+l;
if n33(i>=Ti33(j); c47=c47+l; c62=c62; end;
c33=c33; end; elv. if n77(i)=-n77(j);
elv. if n48(i)=n48(jy. c62=e62+l; c77“c77;
c33=c33*l; c48=c48; end; else;

else if n63(i)-=n63(j); c77“c77+l;
if n34<i>=“n34(jfc - c48“c48+l; c63"c63; end;
c34“c34; end; civ, if n78(i>OTn78(jy.
else; ifn49(i)”n49(j) c63“c63+l; c78-c78;
c34“c34*l; c49“c49; end; else;
cad; elv. if n64(i)“n64(j); c78-c78+l;
if n35(i>=n35(jy. c49=c4!Hl; c64=c64; end;
c35-c35; end; civ. if n79ti)=”n79(j);
civ if n50(i)“n50(j) c64“c64+l; c79=c79;
c35=c35+l; c5Oe50; end; else;
end; elv, if n65(i)=n65(j); c79“c79+l;
if nS^iJ^nSdd); c5O-c5O+l; c65-c65; end;
c36=c36; end; else; if n8O(i)a=n8O(j);
elv. if n51(i>“=n51(j); c65“c65*l; c80-c80;
c36=c36*l; c51=c51; end; elv.
end; elv, if n66(i)=n66(jy, c80=e«0+l;
if n37(i)=n37(j); c5l“c51+l; c66='c66; end;
e37°c37; end; elv, if n81(i)BSn81(j);
elv. if n52(i)=n52(jy. c66°c66+l; c81“c81;
c37-c37+l; c52-c52; end; else;
end; elv, if n67(i)“n67(j); c81°c81*r.
ifn38(i)“^i38(jy. c52=c52+l; c67=c67; end;
c38=c38; end; else;
elv. if n53(i>=n53(jh c67“c67+l; if n82(i)“n82(j);
c38=c38*l; c53=c53; end; c82»c82;
end; else; ifn68<i)=n68(j); elv.
ifn39(i)“n39(jy. c53=c53+l; c68°c68; c82“c82+l;
c39=c39; end; elv, end;
elv. if n54(i)=CDn54(j); c68=c68+l; if n83{i)“n83(j);
c39=c39+l; c54=c54; end; c83=c83;
end; elv. if n69(i)”D69(jy, elv,
if n40(i)=n40(j); c54**c54+l; c69-c69; c83°c83+l;
c40=c40; end; elv. end;
elv, if n55(i)=“nS5(j); c69=c6^1; if n84(i)—a84(j);
c40=c40+l; c55“c55; end; c84=c84;
end; else; if n70(i)“n70(j); else;
if n41(i)=n41(j); c55°c55+l; c7O=c7O; c84=c84+l;
c41°c41; end; else; end;
elv if n5€(i)“n56(j); c70=c70+l; if n85(i)~n85(j);
c41"e41+l; eSS^cSd; end; e8S«c8S;
end; civ. if n71(i>==n71(j); else;
if n42(i)“=n42(j); c56ac56+l; c71=c71; c85“c85+l;

c42=c42; end; else; end;
elv. if n57(i)=n57(j); c71“c71+l; ifn86(i)=n86(j);
c42=c42*l; c57“c57; end; c86=c86;
end; elv, if n72(i)=an72(j); else;
if n43(i>=Dn43(jy, c57°c57+l; c72“c72; c86°c86+l;
e43=c43; end; elv, end;
elv. if nS8(i)=n58(j); c72=c72+l; if n87(i)=n87(j>;
c43=c43+l; c58-c58; end; c87“c87;
end; elv. if n73(i>=n73(jy. elv,
ifn44(i)=n44(jy. eSS^S+l; c73=e73; c87=e87+l;

c44°c44; end; . elv, end;
elv. if n59G)=T»59(j); c73=c73+l; ifn88(i)°=n88(j);
c44=c44+l; c59“c59; end; eSS^S;
end; else; if n74(i)“n74(j); elv,
if n45(i>=n45(jK c59=c59+l; c74=c74; cSS-'cSS+l;
c45*=c45; end; elv, end;

ifn60(i>=“n60(j); e74ac74+l; if n89(i)“on89(j);
cdS^cdS+l; c6O=cdO; end; c89=c89;
end; elv, ifn75<i>=n75(j); elv,
if n46<i>=*=»46(jX c6Oc60+l; c75m:75; c89=c89*l;
cA6^c46’t end; elv, end;
elv. if n61(i)=D61(j); c75=c75+l; if n90(i)con90(j);
c46=c46+l; c61=c61; end; c90°c90;

cod^ else; ifn76(i)=n76(jy, else;
if n47(i)==n47(j) 
c47-c47;

c61"*61+l; 
end;

c7fr*c76; 
elv.

c90°c90+l; 
end;
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if n91(i)==n91(jy. 
c9l=c91;
dac;
c91=c91 + l; 
cad;
if n92ti)=n92(jy, 
c92=c92;

c92=c92+l;
cad;
if n93(i)"n93(j); 
c93=c93;
dac; 
c93cc93+l. 
awl;
if nSM(i)==n94(j); 
c94=c94;

c94=c94+l; 
cad;
if n95(i)=n95(j); 
c95=c95;
dac, 
c95=c95+l; 
cad;
if 
c96=c96; 
riarr 

c96=c96+l;
cad;
if n97(i)=n97(jy, 
c97=c97;

else;
c97=c97+l;
cad;
if n98(i>==n98(jy, 
c98=c98;
dac, 
c98=c98+l;
end;
if n99(i)=in99(j);
c99=c99;
dec;
c99=c»+l;
cad;
ifnlOO(i)=nlOO(jX 
clOO-clOO;

clOO=c100+1;
end;
if nl01(i)=”nl01(j);
cl01»cl01;
else;
cl01=cl01+l;
cad;
if n!02(i)=nl02(j); 
el02=cl02;

cl02=cl02+l;
end;
if nlO3(i)=nlO3(j);
c!O3°clO3;
dse;
clO3=clO3+l;

end;
ifnl04(i)=nl04(j);

c!04=cl04;
dac, 
clO4=clO4+l; 
end;
if nlO5(i)”nlO5(j); 
c!05=cl05; 
else;
clO5=clO5+l;
cad;
if n!06<i)=nl06(jy. 
cl06=cl06;
else;
cl06=cl06+l;
end;
if nlO7(i)=nlO7(jy, 
c!07=cl07;
else;
cl07=cl07+l;
end;
if n!08(i)=nl08(j);
clO8=clO8;
else;
cl08=c108+1;
cad;
end;
cod;
count I=cl+c2+c3+c4+c 
5+c6+c7+c8+cSHc10+c1 
l+cl2+cl3+cl4+cl5+cl 
6+c 17+c 18+c 19+c20 +c2

l+c22+c23+c24+c25+c2 
6+c27+c28+c2£+c30+c3 
I+c32+c33+c34+c35+c3 
6+c37+c38+c39+c40+c4 
1+c42+c43+c44+c45+c4 
6+c47+c48+c49+c50; 
count2”couatl+c5 l+c52 
+c53+c54+c55+c56+c57 
+c58+c59+c60+c61 +c62 
+c63+c64+c65+c66+c67 
+c68+c69+c70+c71+c72 
+c73+c74+c75+c76+c77 
+c78+c79+80+c81+c82 
+c83+c84+c85;
count =couni2+c86+c87 
+c88+c89+c90+«91+c92 
+c93+c94+c95+c96+«97 
+c98+c9SHcl00+cl02+c 
103+cl04+cl05+cl06+c 
107+cl08;

aver=count/( 512*512);
save resends, mat ever 
save rescnd&mat count

5) Program for Cany look-ahead adder

dear all y2=and(n 15(i),(or(n 13(i) n47(i)snot(aad(n2O(i),n c49=0;c50=0;
load inpgca4jnaf 42(i))); for i=l:512;
a □16(i)’a(x2,y2); n48(i)BD0t(n47(i)X forj=l:512;
n-mputfinputno. of bits xlaand(n2(iKand(n6(i)>a n49(i)”’not(or(n 18(i),(an if nl(i)=nl(j);
“*) (M>))X d(n20(i),a(i,p))))X cl=cl;
p=(2*n)+l yl°and«a(i^)Xor<n5(iX n50(i)-Do<(D49(i)); else;
fori=l:512; n3(i))); n43(i)sDO<(o(fn27(i),(an el=cl+l;
nl(i)ano<(and(a(i, 1 XaU n8(i)=o<txl,yl); d(n24(ikn50(i))))X end;
2))K n44(i)0not(n43(i)y. ifn2(i>“n2(jX
n2(i)=not(nl(i)K k=5; n37(i)snot(n43(i)X c2=c2;
n3<i)=noQn2(i)y, n23(i)anot(aad(a(Uc)Xi x4sand(n32(i),and(n34(i else;
n4(i)=Dot(of(a(i, l),a(i,2) A+1)))X Xn43(i))); c2=c2+l;
m n24(i):xD0C(n23<i)X y4sand(n37(iX<x(n35(iX end;
n5(i)-not(D4<i)); n250)T»t(n24(i)X n33(i))); if n3(i>”n3(iX
a60)=not(n5(i)k n26(i)=wjt(oc(XUcXX>.( n38(iy:io<tx4,y4); c3°c3;
n7(i)**not(a(i,p)X k+D))X n29(i)anot(nS0(i)y. else;

n27(i)sno((n26(i)); x3°and(n24(iXsnd(n28(i c3=c3+l;
k=3; n28(i)-aot(n27(i)); )4i50(i))); end;
n9(i>=not(and(a(Uk»i,( y3=aad(n29( i),of(n27(i). if n4(i)=D4(j)
k+D))X k=7; n25(i))); c4=c4;
nlO(iMM>t(ii9(i)k n3 l(i)=not(and(a(irkkXi n30(i)=ot(x3,y3); else;
all(i)-not(nlO(i)X AH)))* end; c4=c4+l;
nl2(i)anet(ct(a(U),a(U n32(i)=:]no<(n31(i)y. cl=0; cad;
k+D))K n33CiyT»t(n32(i)X c2=0;c3I=0;c4a0;c5=0;c if n5(i)OTn5(j);
nl3(i)-not(nl2(i)y. n34(i)auot(of(a(t>k),a(i,( 6®0;c7=0;c8,:0;c9=0;c 1 c5=c5;
nl4(i)-not(nl3(i)h k+D))X 0=0;cl I“0;cl2*0;cl3c0 else
nl7(i)=not(o<(and(n5(iX n3«i)=not(n34(i)k ;c 14=0;cl 5=0;cl6=0;c 1 c5=c5+l;
n!0(i)Xol3(i»); n36(i)=ao<(n35(i)K 7=0; end;
nl8(iH>ot(nl7(i)); n39G)=no((«(aad(n27(i) c l8=0;c IS>=0;c20=0;c21 if n6(i)=n6(j)
n 19(i)=nfl<(and(n2(i),nl j»32(i))m35(i))); “O;c22=O;c23“O;c24=O; c6=c6;
0(i))); n40(i)snot(n39(i)X c25=O;c26=O;c27=O;c28 else,
nlOO^no^ol^i)^ n41(i)=,not(aad(n24(i),n =0;c29=0;c30=0;c31=0; c6=c6+l;
n21(i)=DOt(o<<ii5(i)/8Dd 32G»y, c32=O; CQi^
(n2(i),Ki»p))))X n42G)-no<(o41Ci)fc c33=O;c34=O;c35=O;c36 ifn7(i)=n7(j)
n22Ci>=Bot(n21Ci)X n45Ci)Rnot(oc(«nAnl8(i) =O;c37=O;c38=O;e39=O; c7=c7;
nl5(i)*n0t(n22(i)); ^42G))^»40(i))k c40=0;c4l=0;c42=0;c43 else;
x2=»d(nl0(i),aad(nl4<i n46(i)=not(n45(i)y. =0;c44=0;c45=0;c46=0; c7=c7+l;
Xn22(i))); c47=0;c48,=0; end;
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APPENDIXA9

CMOS inverter with full high-level logic at the input

Variation of output voltage with time for (w/Z) =5

e -

4 -
। 3- / 

5 / —■—input
> , _ ' —• - output 1

1 - 
0 --- - . ■ -- -----Z------ - . ................ . ♦9.00E-09 950&09 1.00&08 1.05&08 1.10&08 1.15E-08 120&08

Time (Seconds)

Variation of static current through inverter with time
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CMOS inverter with degraded high-level logic at the input

Variation of output voltage with time for (w/Z) =5

Time (seconds)

Variation of static current through inverter with time

12E-O3 - 
1.1E-03 - f
1 .OE-O3 - /'
9 .0E-O4 - *

I B f8. 7.0E-O4 - I
f, 6.OE-O4 -I J
| 5.OE-O4 - T
3 4OE-O4-I / \

3.0E-04 J I2OE-04 - f * Non-zero value/ *1OE-O4 4 / ' V *
O.OE+OO k*• ♦♦♦ -- 1---------- 1---------- 1---------- -—--------r«.---------- 195E-09 1.0E-08 1.1E-08 1.1E-08 12E-O8 12E-08 13E-O8 1.3E-08 1.4E-08 1.4E-08 1.5E-08

Time (seconds)
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APPENDIX Bl

Nominal Level 2 MOSFET Parameter of MCNC 1.2um CMOS Process

.model NMOS nmos

+ Level=2 Ld=0.0u Tox=225.00E-10

+ Nsub=1.066E+16 Vto=0.622490 Uo=1215.74

+ Uexp=4.612355E-2 Ucrit=l 74667 Delta=0.0

+ Vmax=l 77269 Xj=0.9u

+ Nfc=4.55168E+12 NefiM.68830 Nss=3.00E+10

+ Tpg=1.000 Rsh=60 Cgso=2.89E-10

+ Cgdo=2.89E-10 Cj=3.27E-04 Mj=1.067

+ Cjsw=1.74E-10 Mjsw=0.195

model PMOS pmos

+ Level=2 Ld=0.03000u Tox=225.000E-10

+ Nsub=6.575441E+16 Vto=-0.63025 Uo=361.941

+ Uexp=8.886957E-02 Ucrit=637449 Delta=0.0
+ Vmax=63253.3 Xj=0.U2799u

+ Nft=1.668437E+ll Neff=0.64354 Nss=3.00E+10

+ Tpg=-1.00 Rsh=150 Cgso=3.35E-10

+ Cgdo=3.35E-10 Cj=4.75E-04 Mj=0.341

+ Cjsw=2.23E-10 Mjsw=0.307

206



APPENDIX B2

Results of worst-case propagation delay without taking circuit parasitics into 
account for fully static logic design style

Transistor 
size 
MJ

Operand 
Size

VZorst-case propagation c elay (ns)
Cany 
look- 
ahead

Condition­
al sum

Carry 
select

Cany 
skip

Ripple 
carry

1.5

4 1.4 1.78 1.41 1.44 1.24

8 1.97 2.64 1.93 2.67 2.61

16 2.58 4.30 3.28 3.38 5.28

32 3.19 7.65 5.9 4.93 10.65

64 3.89 14.38 11.25 7.88 21.44

3

4 1.32 1.73 1.35 1.37 1.20

8 1.89 2.58 1.87 2.58 2.51

16 2.48 4.23 3.16 3.28 5.14

32 3.15 7.53 5.74 4.73 10.41

64 3.80 14.16 11.01 7.72 20.90

5

4 1.31 1.69 1.34 1.36 1.19

8 1.86 2.55 1.84 2.52 2.47

16 2.44 4.18 3.11 3.21 5.03

32 3.09 7.49 5.71 4.66 10.30

64 3.75 14.07 10.95 7.53 20.70
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APPENDIXES

Simulation results of different adders

Results of ripple carry adder

TABLE Tl: WORST-CASE PROPAGATION-DELAY AND ENERGY-CONSUMPTION PER ADDITION OF

RIPPLE CARRY ADDER FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES 

FULLY STATIC CMOS LOGIC (£=1.2pm)

fw/l) Performance metrics 4-bit 8-bit 16-bit 32-bit 64-bit

1.5
Worst-case propagation delay 
in (Seconds* 1 O'9) 3.51 8.09 18.01 46.09 120.70

Energy consumption per additon in 
(Joules xio w> 0.27 0.67 1.58 4.30 11.96

3
Worst-case propagation delay 
in (Seconds*IO"9) 2.68 6.07 13.30 31.01 75.69
Energy consumption per additon in 
(Joules *10’l0) 0.41 0.98 2.26 5.51 13.95

5
Worst-case propagation delay 
in (Seconds* 1 O’9) 2.39 5.30 11.87 25.52 60.33

Energy consumption per additon in 
(Joules xl0’10) 0.59 1.41 3.23 7.16 18.34

TABLE T2: WORST-CASE PROPAGATION DELAY AND ENERGY CONSUMPTION OF RIPPLE CARRY 

ADDER FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

DOMINO CMOS LOGIC (f= 1.2pm)

mi Performance metrics 4-bit 8-bit 16-bit 32-bit 64-bit

1.5
Worst-case propagation delay in 
(Seconds* IO"9) 6.29 14.6 31.03 73.36 183.38
Energy consumption per additon in 
(Joules *10’,0) 1.04 2.22 4.78 10.98 26.82

3
Worst-case propagation delay in 
(Seconds*! O’9) 4.58 10.44 22.6 50.86 116.82

Energy consumption per additon in 
(Joules xi0’10) 1.59 3.42 7.26 15.99 36.33

5
Worst-case propagation delay in 

(Seconds*lO’j 4.24 8.99 18.88 41.20 91.66
Energy consumption per additon in 
(Joules xlO’1” 2.41 4.93 10.28 22.14 49.03
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TABLE T3: WORST-CASE PROPAGATION DELAY AND ENERGY CONSUMPTION OF RIPPLE CARRY 

ADDER FOR DIFFERENT OPERAND SIZES AND TRASISTOR SIZES 

COMPLEMENTARY PASS TRANSISTOR LOGIC 1.2pm)

W) Performance metrics 4-bit 8-bit 16-bit 32-bit 64-bit

1.5
Worst-case propagation delay in 
(Seconds* 10*9) 3.62 7.37 17.11 39.78 97.32
Energy consumption per additon in 
(Joules xio'10’ 0.56 1.16 2.82 6.32 17.76

3
Worst-case propagation delay in 
(Seconds* 1 O’9) 2.73 5.55 11.77 26.62 69.52

Energy consumption per additon in 
(Joules xio'10’ 0.82 1.73 3.80 8.65 24.11

5
Worst-case propagation delay in 

(Seconds* 10J 2.40 4.93 10.37 22.18 53.10
Energy consumption per additon in 
(Joules *10’10) 1.23 2.52 5.41 11.84 30.65

TABLE T4: WORST-CASE PROPAGATION DELAY AND ENERGY CONSUMPTION OF RIPPLE CARRY 

ADDER FOR DIFFERENT OPERAND SIZES AND TRASISTOR SIZES

DUAL PASS TRANSISTOR LOGIC (/=1.2pm)

WD Performance metrics 4-bit 8-bit 16-bit 32-bit 64-bit

1.5
Worst-case propagation delay in 
(Seconds* IO"9) 5.43 12.42 27.34 60.34 142.18
Energy consumption per additon in 
(Joules *10’10) 0.63 1.43 3.29 7.36 17.56

3
Worst-case propagation delay in 
(Seconds* IO"9) 4.16 9.07 19.05 42.12 96.05

Energy consumption per additon in 
(Joules *10’I0) 0.95 2.14 4.54 10.20 24.10

5
Worst-case propagation delay in 

(Seconds* lOj 3.64 7.93 16.51 35.57 78.68
Energy consumption per additon in 
(Joules xio40’ 1.36 3.04 6.50 14.23 32.22
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Results of carry skip adder

TABLE T5: WORST-CASE PROPAGATION-DELAY AND ENERGY-CONSUMPTION OF CARRY SKIP 

ADDER FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

FULLY STATIC CMOS LOGIC (1= 1.2pm)

Performance metrics 4-bit 8-bit 16-bit 32-bit 64-bit

1.5
Worst-case propagation delay 
in (Seconds*! O'9) 4.18 7.90 11.74 18.79 37.12

Energy consumption per additon in 
(Joules *10"” 0.31 0.75 1.93 4.91 13.24

3
Worst-case propagation delay 
in (Seconds*IO*9) 3.16 6.00 8.30 13.09 24.68
Energy consumption per additon in 
(Joules *10"” 0.45 1.08 2.61 6.45 16.89

5
Worst-case propagation delay 
in (Seconds* 1 O'9) 2.67 5.38 7.21 10.78 19.66

Energy consumption per additon in 
(Joules *10’10) 0.67 1.64 3.79 8.73 21.11

TABLE T6: WORST-CASE PROPAGATION DELAY AND ENERGY CONSUMPTION OF CARRY SKIP 

ADDER FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

DOMINO CMOS LOGIC 1.2pm)

MJ Performance metrics 4-bit 8-bit 16-bit 32-bit 64-bit

1.5
Worst-case propagation delay in 
(Seconds* IO*9) 6.86 14.84 19.74 32.22 64.84

Energy consumption per additon in 
(Joules *10'I0) 1.12 2.39 5.30 12.28 30.50

3
Worst-case propagation delay in 
(Seconds*10'j 5.44 10.88 14.25 22.43 42.08

Energy consumption per additon in 
(Joules *10’I0) 1.79 3.70 8.02 17.98 41.65

5
Worst-case propagation delay in 

(Seconds* 10*5 4.64 9.02 11.92 18.05 32.23
Energy consumption per additon in 
(Joules *10*10) 2.58 5.22 11.41 24.87 56.31
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COMPLEMENTARY PASS TRANSISTOR LOGIC (Z=L2pm)

TABLE T7: WORST-CASE PROPAGATION DELAY AND ENERGY CONSUMPTION OF CARRY SKIP 

ADDER FOR DIFFERENT OPERAND SIZES AND TRASISTOR SIZES

W) Performance metrics 4-bit 8-bit 16-bit 32-bit 64-bit

1.5
Worst-case propagation delay in 
(Seconds x 10*9) 4.90 9.08 15.73 26.27 57.12
Energy consumption per additon in 
(Joules *10'I0) 0.65 1.65 4.05 9.06 25.60

3
Worst-case propagation delay in 
(Seconds* IO"9) 3.33 6.54 10.16 17.61 33.54

Energy consumption per additon in 
(Joules *10'10) 0.90 2.41 5.62 12.59 33.05

5
Worst-case propagation delay in 

(Seconds* 10j 3.05 5.77 8.57 14.8 28.9
Energy consumption per additon in 
(Joules *10‘,0) 1.38 3.58 7.94 18.04 47.12

DUAL PASS TRANSISTOR LOGIC (>L2pm)

TABLE T8: WORST-CASE PROPAGATION DELAY AND ENERGY CONSUMPTION OF CARRY SKIP 

ADDER FOR DIFFERENT OPERAND SIZES AND TRASISTOR SIZES

MJ Performance metrics 4-bit 8-bit 16-bit 32-bit 64-bit

1.5
Worst-case propagation delay in 
(Seconds* 10"9) 6.66 14.15 21.44 35.77 70.35
Energy consumption per additon in 
(Joules *10‘10) 0.74 1.82 4.27 10.06 24.36

3
Worst-case propagation delay in 
(Seconds* 1 O'9) 4.84 9.52 12.98 23.97 45.50

Energy consumption per additon in 
(Joules *10'10) 1.07 2.46 6.05 13.54 32.19

5
Worst-case propagation delay in 

(Seconds* lOj 4.23 8.43 12.54 20.44 39.21
Energy consumption per additon in 
(Joules xiO'1” 1.52 3.65 8.68 18.78 57.60
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TABLE T7: WORST-CASE PROPAGATION DELAY AND ENERGY CONSUMPTION OF CARRY SKIP

ADDER FOR DIFFERENT OPERAND SIZES AND TRASISTOR SIZES

COMPLEMENTARY PASS TRANSISTOR LOGIC (1=

W) Performance metrics 4-bit 8-bit 16-bit 32-bit 64-bit

1.5
Worst-case propagation delay in 
(Seconds* IO"9) 4.90 9.08 15.73 26.27 57.12
Energy consumption per additon in 
(Joules xlO’10’ 0.65 1.65 4.05 9.06 25.60

3
Worst-case propagation delay in 
(Seconds* 1 O’9) 3.33 6.54 10.16 17.61 33.54

Energy consumption per additon in 
(Joules *10’,0) 0.90 2.41 5.62 12.59 33.05

5
Worst-case propagation delay in 

(Seconds* 10*5 3.05 5.77 8.57 14.8 28.9
Energy consumption per additon in 
(Joules *10'I0) 1.38 3.58 7.94 18.04 47.12

DUAL PASS TRANSISTOR LOGIC (£>L2|Un)

TABLE T8: WORST-CASE PROPAGATION DELAY AND ENERGY CONSUMPTION OF CARRY SKIP

ADDER FOR DIFFERENT OPERAND SIZES AND TRASISTOR SIZES

W) Performance metrics 4-bit 8-bit 16-bit 32-bit 64-bit

1.5
Worst-case propagation delay in 
(Seconds* IO"9) 6.66 14.15 21.44 35.77 70.35
Energy consumption per additon in 
(Joules *10'10) 0.74 1.82 4.27 10.06 24.36

3
Worst-case propagation delay in 
(Seconds* IO"9) 4.84 9.52 12.98 23.97 45.50

Energy consumption per additon in 
(Joules *10'10) 1.07 2.46 6.05 13.54 32.19

5
Worst-case propagation delay in 

(Seconds*10j 4.23 8.43 12.54 20.44 39.21
Energy consumption per additon in 
(Joules xi0',0) 1.52 3.65 8.68 18.78 57.60
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Results of carry select adder

TABLE T9: WORST-CASE PROPAGATION-DELAY AND ENERGY-CONSUMPTION OF CARRY SELECT 

ADDER FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

FULLY STATIC CMOS LOGIC (£=1.2fim)

W) Performance metrics 4-bit 8-bit 16-bit 32-bit 64-bit

1.5
Worst-case propagation delay 
in (Seconds*!O'9) 3.55 5.14 11.00 22.32 48.10

Energy consumption per additon in 
(Joules xio’"” 0.61 1.08 3.04 7.30 17.09

3
Worst-case propagation delay 
in (Seconds* 10*9) 2.85 4.01 7.90 15.28 31.85
Energy consumption per additon in 
(Joules *10’10) 0.94 1.59 4.38 10.02 23.77

5
Worst-case propagation delay 
in (Seconds*!O'9) 2.65 3.61 6.16 12.13 25.95

Energy consumption per additon in 
(Joules *10',0) 1.38 2.37 6.07 14.18 36.84

DOMINO CMOS LOGIC (/=1.2pn)

TABLE TIO: WORST-CASE PROPAGATION DELAY AND ENERGY CONSUMPTION OF CARRY SELECT 

ADDER FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

Performance metrics 4-bit 8-bit 16-bit 32-bit 64-bit

1.5
Worst-case propagation delay in 
(Seconds* IO"9) 7.02 10.05 15.3 32.4 84.88
Energy consumption per additon in 
(Joules *10'10) 2.40 3.44 8.37 19.58 48.44

3
Worst-case propagation delay in 
(Seconds*! 0'9) 5.49 7.34 10.83 22.31 53.30

Energy consumption per additon in 
(Joules *10'10) 3.84 5.32 12.78 29.73 68.32

5
Worst-case propagation delay in 

(Seconds* 10 j 4.86 6.23 9.56 17.74 40.44
Energy consumption per additon in 
(Joules xWw 5.64 7.71 18.75 42.26 97.12
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TABLE TH: WORST-CASE PROPAGATION DELAY AND ENERGY CONSUMPTION OF CARRY SELECT 

ADDER FOR DIFFERENT OPERAND SIZES AND TRASISTOR SIZES 

COMPLEMENTARY PASS TRANSISTOR LOGIC (/= 1.2pm)

Wl) Performance metrics 4-bit 8-bit 16-bit 32-bit 64-bit

1.5
Worst-case propagation delay in 
(Seconds* IO"9) 4.26 5.60 10.30 22.94 57.11
Energy consumption per additon in 
(Joules *10',0) 1.19 1.59 3.81 10.39 24.96

3
Worst-case propagation delay in 
(Seconds* 10"9) 3.15 4.14 6.67 17.04 32.54

Energy consumption per additon in 
(Joules xio*1O) 1.80 2.26 5.35 14.41 31.77

5
Worst-case propagation delay in 

(Seconds*10j 2.86 3.50 5.78 12.73 26.63
Energy consumption per additon in 
(Joules xiO‘1O) 2.71 3.57 7.78 19.54 40.42

TABLE T12: WORST-CASE PROPAGATION DELAY AND ENERGY CONSUMPTION OF CARRY SELECT 

ADDER FOR DIFFERENT OPERAND SIZES AND TRASISTOR SIZES

DUAL PASS TRANSISTOR LOGIC (/=1.2pm)

W) Performance metrics 4-bit 8-bit 16-bit 32-bit 64-bit

1.5
Worst-case propagation delay in 
(Seconds* 10*9) 6.31 7.81 14.55 29.82 70.53
Energy consumption per additon in 
(Joules *10’10) 1.43 2.20 6.11 16.40 31.11

3
Worst-case propagation delay in 
(Seconds*! O’9) 4.69 6.19 10.19 19.84 44.39

Energy consumption per additon in 
(Joules *10’l0) 2.11 3.18 9.21 22.39 41.82

5
Worst-case propagation delay in 

(Seconds* 10*3 4.06 5.33 8.59 16.19 34.43
Energy consumption per additon in 
(Joules *10’10> 2.96 4.58 15.01 34.92 57.18
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Results of conditional sum adder

TABLE T13: WORST-CASE PROPAGATION-DELAY AND ENERGY-CONSUMPTION OF CONDITIONAL 

SUM ADDER FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

FULLY STATIC CMOS LOGIC (^1.2pm)

Performance metrics 4-bit 8-bit 16-bit 32-bit 64-bit

1.5
Worst-case propagation delay 
in (Seconds* 1 O'9) 4.62 6.26 11.67 27.00 61.70

Energy consumption per additon in 
(Joules xiO'10’ 0.90 1.81 3.76 7.90 22.14

3
Worst-case propagation delay 
in (Seconds*IO"9) 3.62 4.95 8.51 18.24 38.98
Energy consumption per additon in 
(Joules *10'10) 1.35 2.71 5.60 11.31 30.49

5
Worst-case propagation delay 
in (Seconds*IO-9) 3.17 4.39 7.35 14.3 32.3

Energy consumption per additon in 
(Joules *10'l0) 1.98 4.04 8.28 16.76 41.80

TABLE TI4: WORST-CASE PROPAGATION DELAY AND ENERGY CONSUMPTION OF CONDITIONAL 

SUM ADDER FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

DOMINO CMOS LOGIC 1.2pm)

MJ Performance metrics 4-bit 8-bit 16-bit 32-bit 64-bit

1.5
Worst-case propagation delay in 
(Seconds* IO-9) 4.80 6.32 10.53 23.30 54.08
Energy consumption per additon in 
(Joules *10'10) 1.42 2.99 6.22 13.65 29.77

3
Worst-case propagation delay in 
(Seconds*! O'9) 3.69 4.74 7.48 15.30 32.52

Energy consumption per additon in 
(Joules *10'10) 2.19 4.63 9.54 20.46 43.47

5
Worst-case propagation deity in 

(Seconds* 10J 3.19 4.02 6.19 11.85 24.40
Energy consumption per additon in 
(Joules *10',0) 3.23 6.65 13.97 29.25 61.92
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TABLE T15: WORST-CASE PROPAGATION DELAY AND ENERGY CONSUMPTION OF CONDITIONAL 

SUM ADDER FOR DIFFERENT OPERAND SIZES AND TRASISTOR SIZES

COMPLEMENTARY PASS TRANSISTOR LOGIC (f=1.2jim)

Performance metrics 4-bit 8-bit 16-bit 32-bit 64-bit

1.5
Worst-case propagation delay in 
(Seconds* IO"9) 3.50 4.36 7.43 17.15 41.31
Energy consumption per additon in 
(Joules xlO’"” 0.80 1.65 3.29 7.55 19.39

3
Worst-case propagation delay in 
(Seconds* 1 O'9) 2.22 3.24 5.09 10.66 24.59

Energy consumption per additon in 
(Joules xlO1” 1.16 2.33 4.53 10.00 24.58

5
Worst-case propagation delay in 

(Seconds* 10j 1.98 2.78 4.42 9.40 18.8
Energy consumption per additon in 
(Joules xlO'1” 1.69 3.36 6.47 13.99 33.09

TABLE T16: WORST-CASE PROPAGATION DELAY AND ENERGY CONSUMPTION OF CONDITIONAL 

SUM ADDER FOR DIFFERENT OPERAND SIZES AND TRASISTOR SIZES

DUAL PASS TRANSISTOR LOGIC (A=1.2gm)

(w/l) Performance metrics 4-bit 8-bit 16-bit 32-bit 64-bit

1.5
Worst-case propagation delay in 
(Seconds* 10"9) 4.31 4.91 7.54 13.93 31.09
Energy consumption per additon in 
(Joules *10’10) 1.08 1.92 4.05 9.21 22.70

3
Worst-case propagation delay in 
(Seconds*! O'9) 2.93 3.47 5.14 8.89 18.29

Energy consumption per additon in 
(Joules *10'I0) 1.40 2.58 5.34 11.34 26.63

5
Worst-case propagation delay in 

(Seconds* 10*3 2.59 3.02 4.35 7.26 14.39
Energy consumption per additon in 
(Joules *10'10) 1.94 3.59 7.30 15.35 35.04
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Results of carry look-ahead adder

TABLE T17: WORST-CASE PROPAGATION-DELAY AND ENERGY-CONSUMPTION OF CARRY LOOK­

AHEAD ADDER FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

FULLY STATIC CMOS LOGIC (^1.2|Un)

MJ Performance metrics 4-bit 8-bit 16-bit 32-bit 64-bit

1.5
Worst-case propagation delay 
in (Seconds*! O’9) 3.91 5.48 7.29 10.34 14.27

Energy consumption per additon in 
(Joules xiO'10* 0.37 0.83 1.92 4.82 11.61

3
Worst-case propagation delay 
in (Seconds* IO"9) 3.02 4.19 5.50 7.67 10.27
Energy consumption per additon in 
(Joules *10’10> 0.61 1.22 2.65 6.16 15.85

5
Worst-case propagation delay 
in (Seconds*! O’9) 2.65 3.55 4.74 6.15 8.38

Energy consumption per additon in 
(Joules *10’10) 0.86 1.71 3.82 8.53 20.49

TABLE T18: WORST-CASE PROPAGATION DELAY AND ENERGY CONSUMPTION OF CARRY LOOK­

AHEAD ADDER FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

DOMINO CMOS LOGIC

MJ Performance metrics 4-bit 8-bit 16-bit 32-bit 64-bit

1.5
Worst-case propagation delay in 
(Seconds* 10*9) 5.51 8.50 11.25 15.46 26.40
Energy consumption per additon in 
(Joules *10'I0) 1.14 2.48 5.32 12.06 28.41

3
Worst-case propagation delay in 
(Seconds*! O’9) 4.23 6.05 8.14 10.87 16.82

Energy consumption per additon in 
(Joules *10’l0) 1.81 3.76 7.90 17.47 38.65

5
Worst-case propagation delay in 

(Seconds* 10*3 3.64 5.21 6.84 9.01 13.44
Energy consumption per additon in 
(Joules *10’,0) 2.60 5.40 11.15 24.16 53.31
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TABLE T19: WORST-CASE PROPAGATION DELAY AND ENERGY CONSUMPTION OF CARRY LOOK­

AHEAD ADDER FOR DIFFERENT OPERAND SIZES AND TRAS1STOR SIZES

COMPLEMENTARY PASS TRANSISTOR LOGIC (/=1.2pm)

Performance metrics 4-bit 8-bit 16-bit 32-bit 64-bit

1.5
Worst-case propagation delay in 
(Seconds* IO"9) 4.56 6.46 11.22 14.78 22.85
Energy consumption per additon in 
(Joules *1O’1O) 0.78 2.92 6.85 15.49 39.59

3
Worst-case propagation delay in 
(Seconds* 1 O’9) 3.37 4.99 7.05 10.81 14.94

Energy consumption per additon in 
(Joules *10‘10) 1.18 4.31 9.73 21.87 51.73

5
Worst-case propagation delay in 

(Seconds* 10j 2.92 4.32 5.87 8.30 11.09
Energy consumption per additon in 
(Joules xiO’1O) 1.71 6.24 13.70 31.48 70.65

TABLE T20: WORST-CASE PROPAGATION DELAY AND ENERGY CONSUMPTION OF CARRY LOOK - 

AHEAD ADDER FOR DIFFERENT OPERAND SIZES AND TRASISTOR SIZES

DUAL PASS TRANSISTOR LOGIC

(M) Performance metrics 4-bit 8-bit 16-bit 32-bit 64-bit

1.5
Worst-case propagation delay in 
(Seconds* IO*9) 7.38 11.15 15.85 23.22 34.14
Energy consumption per additon in 
(Joules xl0’10) 0.85 1.80 3.86 9.40 23.63

3
Worst-case propagation delay in 
(Seconds *1 O’9) 5.42 8.28 11.95 16.45 22.90
Energy consumption per additon in 
(Joules xio’1O) 1.24 2.60 5.69 13.00 30.33

5
Worst-case propagation delay in 

(Seconds* 10j 4.64 7.08 10.11 13.72 18.68
Energy consumption per additon in 
(Joules *10'10) 1.79 3.74 8.05 17.85 40.51
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APPENDIX B4

Parasitic degradation of different adder

Results of ripple carry adder

FULLY STATIC CMOS LOGIC (Z=1.2gm)

TABLE T30: PARASTIC DEGRADATION FACTOR (a) AND GATE COUNT (n) OF RIPPLE CARR Y ADDER 
FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

fw/ 
I)

4-bit 
n=8

8-bit 
n=16

16-bit 
n=32

32-bit 
n=64

64-bit 
n=128

a a a a a
1.5 1.661 1.919 2.145 2.742 3.581

3 1.554 1.743 1.983 2.258 2.719
5 1.600 1.587 1.935 2.160 2.535

TABLE T31: PARASTIC DEGRADATION FACTOR (a) ANDGATE COUNT (n) OF RIPPLE CARRY ADDER 

FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

DOMINO CMOS LOGIC (/^1.2pm)

W)
4-bit 
n=16

8-bit 
n=32

16-bit 
n=64

32-bit 
n=128

64-bit 
n=256

a a a a a
1.5 1.896 2.178 2.347 2.760 3.454
3 1.827 1.912 2.066 2.327 2.671
5 1.807 1.873 2.013 2.200 2.443

TABLE T32: PARASTIC DEGRADATION FACTOR (a) AND GATE COUNT (n) OF RIPPLE CARRY ADDER 

FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

COMPLEMENTARY PASS TRANSISTOR LOGIC (f=1.2pm)

MJ
4-bit 
n=13

8-bit 
n=25

16-bit 
n=49

32-bit 
n=97

64-bit 
n=193

a a a a a
1.5 1.228 1.303 1.548 1.815 2.229
3 1.150 1.223 1.276 1.476 1.926
5 1.144 1.202 1.252 1.431 1.722

TABLE T33: PARASTIC DEGRADATION FACTOR (a) AND GATE COUNT (n) OF RIPPLE CARRY ADDER 

FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

DUAL PASS TRANSISTOR LOGIC (f= 1.2pm)

MJ
4-bit 
n=16

8-bit 
n=32

16-bit 
n=64

32-bit 
n=128

64-bit 
n=256

a a a a a
1.5 1.656 1.890 2.078 2.293 2.699
3 1.602 1.747 1.780 1.942 2.214
5 1.569 1.692 1.778 1.911 2.116
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RESULTS OF CARRY SKIP ADDER

FULLY STATIC CMOS LOGIC (A=1.2gm)

TABLE T34: PARASTIC DEGRADATION FACTOR (a) AND GATE COUNT (n) OF CARRY SKIP ADDER 

FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

(w/l 
)

4-bit 
n=12

8-bit 
n=22

16-bit 
n=30

32-bit 
n=46

64-bit 
n=78

a a a a a
1.5 1.248 1.280 1.419 1.459 1.699

3 1.125 1.182 1.203 1.236 1.370
5 1.121 1.158 1.136 1.184 1.274

DOMINO CMOS LOGIC (£=1.2pm)

TABLE T35: PARASTIC DEGRADATION FACTOR (a) AND GATE COUNT (n) OF CARRY SKIP ADDER 

FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

4-bit 
n=20

8-bit 
n=38

16-bit 
n=46

32-bit 
n=62

64-bit 
n=94

a a a a a
1.5 1.663 1.890 2.079 2.513 3.345
3 1.593 1.686 1.836 2.136 2.634
5 1.552 1.631 1.779 2.002 2.357

TABLE T36: PARASTIC DEGRADATION FACTOR (a) AND GATE COUNT (n) OF CARRY SKIP ADDER

FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

COMPLEMENTARY PASS TRANSISTOR LOGIC (l=1.2pm)

MJ
4-bit 
n=16

8-bit 
n=26

16-bit 
n=34

32-bit 
n=50

64-bit 
n=82

a a a a a
1.5 1.524 1.730 2.299 2.611 3.566
3 1.335 1.528 1.802 2.132 2.479
5 1.292 1.564 1.778 2.091 2.482

DUAL PASS TRANSISTOR LOGIC (/= 1.2pm)

TABLE T37: PARASTIC DEGRADATION FACTOR (a) AND GATE COUNT (n) OF CARRY SKIP ADDER 

FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

W)
4-bit 
n=19

8-bit 
n=35

16-bit 
n=43

32-bit 
n=59

64-bit 
n=91

a a a a a
1.5 1.656 1.901 2.351 2.849 3.645
3 1.478 1.627 1.811 2.322 2.856
5 1.485 1.580 1.909 2.308 2.846
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RESULTS OF CARRY SELECT ADDER

FULLY STATIC CMOS LOGIC (£=1.2pm)

TABLE T38: PARAST1C DEGRADATION FACTOR (a) AND GATE COUNT (n) OF CARRY SELECT 

ADDER FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

W)
4-bit 
n=10

8-bit 
n=12

16-bit 
n=20

32-bit 
n=36

64-bit 
n=68

a a a a a
1.5 1.106 1.213 1.558 1.754 2.008
3 1.050 1.149 1.367 1.460 1.606
5 1.015 1.132 1.236 1.349 1.528

TABLE T39: PARASTIC DEGRADATION FACTOR (a) AND GATE COUNT (n) OF CARRY SELECT 

ADDER FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

DOMINO CMOS LOGIC (l»1.2pm)

4-bit 
n=20

8-bit 
n=20

16-bit 
n=28

32-bit 
n=44

64-bit 
n=76

a a a a a
1.5 1.286 1.849 2.013 2.692 4.095
3 1.246 1.640 1.730 2.263 3.127
5 1.248 1.538 1.772 2.096 2.765

COMPLEMENTARY PASS TRANSISTOR LOGIC (f=1.2pm)

TABLE T40: PARASTIC DEGRADATION FACTOR (a) AND GATE COUNT (n) OF CARRY SELECT 

ADDER FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

MJ
4-bit 
n=17

8-bit 
n=17

16-bit 
n=25

32-bit 
n=41

64-bit 
n=73

a a a a a
1.5 1.110 1.457 1.834 2.470 3.412
3 1.023 1.308 1.431 2.233 2.647
5 0.989 1.282 1.447 1.949 2.146

DUAL PASS TRANSISTORLOGIC (#=L2pm)

TABLE T41: PARASTIC DEGRADATION FACTOR (a) AND GATE COUNT (n) OF CARRY SELECT 

ADDER FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

MJ
4-bit 
n=20

8-bit 
n=20

16-bit 
n=28

32-bit 
n=44

64-bit 
n=76

a a a a a
1.5 1.412 1.749 2.328 3.029 4.151
3 1.277 1.681 1.981 2.453 3.176
5 1.285 1.688 1.947 2.332 2.870
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RESULTS OF CONDITIONAL SUM ADDER

TABLE T42: PARASTIC DEGRADATION FACTOR (a) AND GATE COUNT (n) OF CONDITIONAL SUM

ADDER FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

FULLY STATIC CMOS LOGIC (£= 1.2 pm)

(W/l)
4-bit 
n=10

8-bit 
n=12

16-bit 
n=16

32-bit 
n=24

64-bit 
n=40

a a a a a
1.5 1.334 1.511 2.107 3.335 4.459
3 1.264 1.407 1.870 2.665 3.401
5 1.132 1.358 1.873 2.424 3.305

DOMINO CMOS LOGIC (A= 1.2 pm)

TABLE T43: PARASTIC DEGRADATION FACTOR (a) AND GATE COUNT (n) OF CONDITIONAL SUM 

ADDER FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

(w/l)
4-bit 
n=10

8-bit 
n=12

16-bit 
n=16

32-bit 
n=24

64-bit 
n=40

a a a a a
1.5 2.041 2.247 2.805 4.114 5.749
3 1.939 2.086 2.422 3.294 4.176
5 1.883 2.028 2.336 2.983 3.660

TABLE T44: PARASTIC DEGRADATION FACTOR (a) AND GATE COUNT (n) OF CONDITIONAL SUM 

ADDER FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

COMPLEMENTARY PASS TRANSISTOR LOGIC (f=1.2pm)

(wA)
4-bit 
n=ll

8-bit 
n=14

16-bit 
n=20

32-bit 
n=32

64-bit 
n=55

a a a a a
1.5 1.202 1.179 1.407 2.028 2.872
3 0.934 1.072 1.164 1.565 2.034
5 0.926 1.063 1.184 1.540 1.812

DUAL PASS TRANSISTOR LOGIC (1= 1.2 pm)

TABLE T45: PARASTIC DEGRADATION FACTOR (a) AND GATE COUNT (n) OF CONDITIONAL SUM 

ADDER FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

(wA)
4-bit 
n=ll

8-bit 
n=14

16-bit 
n=20

32-bit 
n=32

64-bit 
n=55

a a a a a
1.5 0.888 0.795 0.949 1.217 1.675
3 0.740 0.682 0.788 0.941 1.202
5 0.735 0.668 0.760 0.895 1.098
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RESULTS OF CARRY LOOK-AHEAD ADDER

FULLY STATIC CMOS LOGIC (/= 1.2pm)

TABLE T46: PARASTIC DEGRADATION FACTOR (a) AND GATE COUNT (n) OF CARRY-LOOKAHEAD 

ADDER FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

Wl)
4-bit 
n=12

8-bit 
n=16

16-bit 
n=20

32-bit 
n=24

64-bit 
n=28

a a a a a
1.5 0.823 0.866 0.921 1.087 1.287
3 0.772 0.805 0.847 0.979 1.127
5 0.762 0.792 0.848 0.919 1.070

DOMINO CMOS LOGIC (Is 1.2pm)

TABLE T47: PARASTIC DEGRADATION FACTOR (a) AND GATE COUNT (n) OF CARRY-LOOKAHEAD 

ADDER FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

MJ
4-bit 
n=10

8-bit 
n=14

16-bit 
n=18

32-bit 
n=22

64-bit 
n=26

a a a a a
1.5 1.965 2.164 2.225 2.503 3.615
3 1.835 1.872 1.959 2.143 2.797
5 1.839 1.879 1.929 2.074 2.620

COMPLEMENTARY PASSTRANSISTOR LOGIC (^L2pm)

TABLE T48: PARASTIC DEGRADATION FACTOR (a) AND GATE COUNT (n) CARRY-LOOKAHEAD 

ADDER FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

4-bit 
n=12

8-bit 
n=16

16-bit 
n=20

32-bit 
n=24

64-bit 
n=28

a a a a a
1.5 1.375 1.463 2.034 2.226 2.952
3 1.262 1.373 1.558 1.974 2.351
5 1.248 1.386 1.498 1.774 2.030

DUAL PASS TRANSISTOR LOGIC (1= 1.2pm)

TABLE T49: PARASTIC DEGRADATION FACTOR (a) AND GATE COUNT (n) CARRY LOOK-AHEAD 

ADDER FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

MJ
4-bit 
n=12

8-bit 
n=16

16-bit 
n=20

32-bit 
n=24

64-bit 
n=28

a a a a a
1.5 1.860 2.108 2.394 2.935 3.688
3 1.659 1.897 2.195 2.530 2.999
5 1.657 1.900 2.164 2.446 2.857
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APPENDIX B5

Energy-delay product (EDP) of different adders

Energy-delay product of Ripple carry adder

TABLE TSO: ENERGY DELAY PRODUCT OF RIPPLE CARRY ADDER FOR DIFFERENT LOGIC DESIGN 

STYLES AND TRANSISTOR SIZES

(/=1.2fini)

Logic design style EDP in (Joules-sec xlO’15>)
4-bit 8-bit 16-bit 32-bit 64-bit

Fully static CMOS
1.5 0.970 5.488 28.506 198.233 1444.764
3 1.093 6.001 30.173 170.870 1055.965
5 1.423 7.466 38.429 182.964 1106.776

Domino CMOS
1.5 6.552 32.536 148.463 805.576 4919.352
3 7.319 35.727 164.077 813.338 4244.932
5 10.204 44.386 194.242 912.382 4494.149

CPL
1.5 2.039 8.586 48.283 251.517 1728.942
3 2.254 9.640 44.777 230.417 1676.437
5 2.977 12.423 56.155 262.693 1627.743

DPL
1.5 3.435 17.766 90.018 443.861 2496.525
3 3.935 19.392 86.436 429.607 2314.917
5 4.960 24.096 107.302 505.997 2535.070

Energy-delay product of Carry skip adder

TABLE T5I: ENERGY DELAY PRODUCT OF CARRY SKIP ADDER FOR DIFFERENT LOGIC DESIGN 

STYLES AND TRANSISTOR SIZES

Logic design style EDP in (Joules-sec x lO'1^

4-bit 8-bit 16-bit 32-bit 64-bit

Fully static CMOS
1.5 1.326 5.919 22.722 92.345 491.752
3 1.428 6.487 21.723 84.529 417.009
5 1.813 8.834 27.390 94.192 415.120

Domino CMOS
1.5 7.692 35.508 104.705 395.979 1978.020
3 9.772 40.308 114.396 403.410 1752.878
5 11.987 47.135 136.135 449.169 1815.228

CPL
1.5 3.190 15.039 63.808 237.984 1503.516
3 3.006 15.739 57.100 221.783 1108.498
5 4.213 20.670 68.074 267.097 1361.797

DPL
1.5 4.911 25.809 91.461 359.840 1713.574
3 5.168 23.441 78.485 324.627 1464.615
5 6.422 30.785 108.808 383.792 2258.606
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Energy-delay product of Carry select adder

TABLE T52: ENERGY DELAY PRODUCT OF CARRY SELECT ADDER FOR DIFFERENT LOGIC DESIGN

STYLES AND TRANSISTOR SIZES

(£=1.2pm)

Logic design style M) EDP in (Joules-sec * 10‘19)
4-bit 8-bit 16-bit 32-bit 64-bit

Fully static CMOS
1.5 2.178 5.583 33.541 162.953 822.065
3 2.691 6.397 34.602 153.125 757.286
5 3.671 8.577 37.441 172.089 956.188

Domino CMOS
1.5 16.901 34.587 128.084 634.556 4111.623
3 21.132 39.097 138.423 663.347 3641.943
5 27.420 48.060 179.252 749.869 3927.642

CPL
1.5 5.110 8.951 39.255 238.516 1425.785
3 5.685 9.372 35.688 245.644 1033.827
5 7.752 12.504 45.007 248.834 1076.593

DPL
1.5 9.004 17.209 88.831 489.048 2194.421
3 9.903 19.686 93.863 444.134 1284.121
5 12.012 24.431 128.897 565.323 1968.777

Energy-delay product of Conditional sum adder

TABLE T53: ENERGY DELAY PRODUCT OF CONDITIONAL SUM ADDER FOR DIFFERENT LOGIC 

DESIGN STYLES AND TRANSISTOR SIZES

Logic design style MJ EDP in (Joules-sec * 10",y)
4-bit 8-bit 16-bit 32-bit 64-bit

Fully static CMOS
1.5 4.253 11.834 49.277 269.644 1366.246
3 5.076 14.294 56.758 267.806 1188.771
5 6.359 18.909 64.403 275.764 1350.191

Domino CMOS
1.5 6.830 18.916 65.482 318.223 1610.230
3 8.126 21.952 71.408 313.168 1413.880
5 10.310 26.791 86.514 346.705 1510.901

CPL
1.5 2.811 7.195 24.463 129.518 801.102
3 2.589 7.568 23.101 106.601 604.505
5 3.368 9.379 28.607 131.524 622.131

DPL
1.5 4.664 9.416 30.520 128.307 705.598
3 4.098 8.953 27.440 100.823 487.002
5 5.033 10.853 31.744 111.429 504.290
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Energv-delav product of Carry look-ahead adder

TABLE T54: ENERGY DELAY PRODUCT OF CARRY LOOK-AHEAD ADDER FOR DIFFERENT LOGIC 

DESIGN STYLES AND TRANSISTOR SIZES

(/=1.2pm)

Logic design style W) EDP in (Joules-sec xIO'1*)
4-bit 8-bit 16-bit 32-bit 64-bit

Fully static CMOS
1.5 1.471 4.569 14.033 49.859 165.743
3 1.835 5.130 14.621 47.279 162.872
5 2.302 6.056 18.123 52.514 171.736

Domino CMOS
1.5 6.315 21.145 59.910 186.480 750.227
3 7.664 22.777 64.327 189.974 650.209
5 9.497 28.137 76.366 217.684 716.533

CPL
1.5 3.563 18.888 76.960 229.037 904.637
3 3.983 21.494 68.632 236.469 772.992
5 4.994 26.998 80.443 261.355 783.581

DPL-
1.5 6.299 20.081 61.133 218.347 806.610

3 6.730 21.562 68.045 213.896 694.610

5 8.286 26.468 81.389 244.872 756.764
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APPENDIX B6

Core area of different 64-bit adders (standard-cell based designs)

(wZy = 1.5 (Z=1.2pm)

TABLE T55: CORE AREA OF DIFFERENT 64-BIT ADDERS FOR DIFFERENT LOGIC DESIGN STYLES WITH

Logic 
design 
style

Core Area in (pm)2
Ripple cany 

adder
Cany skip 

adder
Cany select 

adder
Conditional 
sum adder

Cany look 
ahead adder

Fully 
static 
CMOS

6,022,972.08 6,792,722.64 9,399,124.80 10,959,092.64 7,276,699.80

Domino 
CMOS

9,355,792.32 10,364,664.96 18,029,017.44 13,215,294.00 10,930,532.40

CPL 6,839,835.84 8,356,225.68 11,920,346.28 9,935,391.96 10,025,341.92

DPL 7,699,924.80 10,026,925.20 16,032,816.36 12,388,320.00 12,949,881.12
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Transistor count of different adders

TABLE T56: TRANSISTOR COUNT OF DIFFERENT ADDERS DESIGNED IN DIFFERENT LOGIC 
DESIGN STYLES

Logic 
design 
style

Operand 
size

Adder
Ripple cany Cany skip Cany select Conditional 

sum
Carry look- 

ahead

Fully 
static 
CMOS

4 144 172 356 382 198
8 288 316 500 764 406
16 576 660 1212 1528 822
32 1152 1348 2636 3056 1654
64 2304 2724 5484 6112 3318

Domino 
CMOS

4 224 254 530 416 258
8 448 478 754 832 518
16 896 986 1814 1664 1038
32 1792 2002 3934 3328 2078
64 3584 4034 8174 6656 4158

CPL

4 120 156 280 170 204
8 240 320 400 340 420
16 480 640 960 680 852
32 960 1280 2080 1360 1716
64 1920 2560 4320 2720 3444

DPL

4 216 274 488 306 324
8 432 548 704 612 668
16 864 1096 1680 1224 1356

32 1728 2192 3632 2448 2732
64 3456 4384 7536 4896 5484
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APPENDIXB7

Energy consumption per addition of different 4-bit adders for random inputs

(*✓0=1.5 , (M.2pm)

TABLE T57: AVERAGE ENERGY CONSUMPTION PER ADDITION OF DIFFERENT 4-BIT 
ADDERS WITH RANDOMLY APPLIED TEN SETS OF INPUTS

4-bit Adder Energy Consumption per addition (Joules x 1O‘10)

Fully static 

M

Domino

CMOS M

CPL

M

DPL

M

Ripple cany 0.343 1.24 0.890 0.85 0.514 0.91 0.686 0.73

Cany skip 0.383 1.21 0.943 0.84 0.626 0.96 0.855 0.80

Carry select 0.853 1.39 2.115 0.88 1.173 0.98 1.673 0.79

Conditional select 0.955 1.04 1.255 0.88 0.878 1.09 1.224 0.88

Cany look-ahead 0.459 1.22 0.978 0.85 0.696 0.89 1.024 0.82
^random

(*✓0 = 3 , (£4.2pm)

TABLE T58: AVERAGE ENERGY CONSUMPTION PER ADDITION OF DIFFERENT 4-BIT 
ADDERS WITH RANDOMLY APPLIED TEN SETS OF INPUTS

4-bit Adder Energy Consumption per addition (Joulesx 10’lu)

Fully static 

M

Domino

CMOS M

CPL

M

DPL

M

Ripple cany 0.549 1.35 1.342 0.84 0.794 0.96 1.060 1.12

Cany skip 0.587 1.30 1.518 0.85 0.902 1.00 1.272 1.19

Cany select 1.371 1.45 3.408 0.89 1.795 0.99 2.484 1.18

Conditional select 1.532 1.09 1.972 0.90 1.331 1.14 1.720 1.23

Cany look-ahead 0.734 1.21 1.566 0.86 1.041 0.88 1.534 1.24
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(m/Z) =S , (Z=1.2pm)

TABLE T59: AVERAGE ENERGY CONSUMPTION PER ADDITION OF DIFFERENT 4-BIT 
ADDERS WITH RANDOMLY APPLIED TEN SETS OF INPUTS

4-bit Adder Energy Consumption per addition (Joules* 10' b)

Fully static 

M

Domino CMOS

M

CPL 

M

DPL

M

Ripple cany 0.819 1.38 2.095 0.87 1.192 0.96 1.544 1.13

Carry skip 0.907 1.34 2.237 0.87 1.400 1.01 1.900 1.25

Carry select 2.067 1.49 5.086 0.90 2.706 1.00 3.454 1.17

Conditional select 2.262 1.14 2.997 0.93 1.986 1.17 2.502 1.29

Cany look-ahead 1.076 1.24 2.335 0.90 1.536 0.90 2.225 1.25

Energy-Delay Product for full custom adder designs

FULLY STATIC CMOS LOGIC (A= 1.2pm)

TABLE T60: WORST-CASE PROPAGATION DELAY AND ENERGY CONSUMPTION PER ADDITION OF 

FULL CUSTOM 64-BIT RIPPLE CARRY (RCA) AND CARRY LOOK-AHEAD (CLA) ADDER 

DESIGNS

MJ Performance metrics 64-bit Adder EDP (J-Sec*10‘,s)
RCA CLA RCA CLA

1.5
Worst-case propagation delay 
(Seconds* 1 O'9)

71.4 9.70
397.768 86.968

Energy consumption per additon 
(Joules *10'10)

5.57 8.97

3
Worst-case propagation delay 
(Seconds* 1 O'9)

49.74 7.55
394.494 86.558

Energy consumption per additon 
(Joules *10’10)

7.93 11.46

5
Worst-case propagation delay 
in (Seconds* 1 O'9)

41.26 6.22
569.299 94.919

Energy consumption per additon 
(Joules xl0"10)

13.80 15.26
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FULL CUSTOM LAYOUT

STANDARD CELL FULLADDER

STANDARD CELL A-CELL
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STANDARD CELL B-CELL
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