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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 (C,) 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.



TABLE OF CONTENTS

TITLE PAGE
ACKNOWLEDGMENTS
ABSTRACT
TABLE OF CONTENTS
CHAPTER 1- INTRODUCTION
CHAPTER 2- A REVIEW OF HIGH-PERFORMANCE LOW-POWER ADDER DESIGNS
CHAPTER 3- ADDER ARCHITECTURES
3.1 RIPPLE CARRY ADDER
3.2. CARRY SKIP ADDER
3.3. CARRY SELECT ADDER
3.4. CONDITIONAL SUM ADDER
3.5. CARRY LOOK-AHEAD ADDER
CHAPTER 4- DIFFERENT CMOS LOGIC DESIGN STYLES
4.1. FULLY STATIC CMOS LOGIC
4.2. DOMINO CMOS LOGIC
4.3. COMPLEMENTARY PASS TRANSISTOR LOGIC
4.4. DUAL PASS TRANSISTOR LOGIC
CHAPTER 5- CELL DESIGN FOR DIFFERENT ADDERS
5.1. CELL DESIGN FOR RIPPLE CARRY ADDER
5.2. CELL DESIGN FOR CARRY SKIP ADDER
5.3. CELL DESIGN FOR CARRY SELECT ADDER
5.4. CELL DESIGN FOR CONDITIONAL SUM ADDER
5.5. CELL DESIGN FOR CARRY LOOK AHEAD ADDER

5.6 STANDARD CELL LAYOUTS

v

v

11

11

11

31

32

40

46

50

68



CHAPTER 6- SIMULATION RESULTS OF DIFFERENT ADDERS

6.1.

6.2.

63.

6.4.

6.5.

RESULTS OF RIPPLE CARRY ADDER
RESULTS OF CARRY SKIP ADDER
RESULTS OF CARRY SELECT ADDER
RESULTS OF CONDITIONAL SUM ADDER

RESULTS OF CARRY LOOK-AHEAD ADDER

CHAPTER 7- MODELING OF DIFFERENT ADDERS

7.1.

72

7.3.

74.

7.5.

7.6

7.7.

MODELING OF WORST-CASE PROPAGATION DELAY
MODELING OF ENERGY CONSUMPTION PER ADDITION
RESULTS OF RIPPLE CARRY ADDER

RESULTS OF CARRY SKIP ADDER

RESULTS OF CARRY SELECT ADDER

RESULTS OF CONDITIONAL SUM ADDER

RESULTS OF CARRY LOOK-AHEAD ADDER

CHAPTER 8- SYNTHESIS OF OPTIMAL ADDER

CHAPTER 9- CONCLUSION

REFERENCES

BIBLIOGRAPHY

APPENDIX Al
APPENDIX A2
APPENDIX A3
APPENDIX A4
APPENDIX A5
APPENDIX A6
APPENDIX A7
APPENDIX A8

APPENDIX A9

87

91

95

99

103

107

107

109

113

115

117

119

121

123

129

134

141

147

166

172

178

183

191

195

204



APPENDIX B1 206

APPENDIX B2 207
APPENDIX B3 208
APPENDIX B4 218
APPENDIX B5 223
APPENDIX B6 226
APPENDIX B7 228

LIST OF PUBLICATION 232

vi



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



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 fast carry 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.



CHAPTER 2
A REVIEVW 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

s, =a;®b,; B¢,
¢, =p;-C;, +8;.b;

where p;=a;®b;

As c; is dependent on ¢;.), 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
(a=b=0; a;=b;=1), there is no need to know c;,, to obtain c;. 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 logn.
For instance, in the following example, all the blocks separated by slashes can be added
in parallel:

1010{0001/1001001101j001]101

1101{0110{1110110010}010]110
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 7‘:‘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 camry ¢; need not depend
explicitly upon lower order carry ci.,, 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 ai=b;. 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
(cw) 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 k-skip
groups each of n-bits so that:

nk=m+tl,

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

T= 1+ (n-1)+ (k-2) + (n-1)]

Minimization of T with respect to n gives

m+1]

= —-5—
or
k=2n.

Thus, optimum integral values of k, and  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-



negative number. By reducing the task of minimizing time ‘7" 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 inprovement 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 ty (t.n) 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 %AVpp respectively. For actual loading
conditions, the time spent by the input to fall from V3 down to ¥:Vpp or to rise from Vi
up to % Vpp 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 ty, (tun) is evaluated. Auvergne etal.
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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. Hedenstierna 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, %2Vpp, and Vpp. 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 0.8um,

5v and 0.24um, 2.5v CMOS technologies.



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
Paynamic=v2 Cr Vpp® f i 7

Low-power designs, thus, aim at minimizing the power consuming transitions
(switching activity factor ‘n’), power supply (Vpp), and load capacitance (C.).
[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

7



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 carry 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

8



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 energy
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 fully 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 full adder cell. Zhuang et al [1992] have
presented simple CMOS full 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-complementary 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 full 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 carry 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
o Ripple Carry Adder

e Carry Skip Adder
e Carry Select Adder
¢ Conditional Sum Adder

e Carry Look-ahead adder

3.1 RIPPLE CARRY ADDER

This adder is implemented by cascading n 1-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 c,, is evaluated. Hence, the carry

propagation path contributes to the worst-case delay.

For each i® full adder block, the sum ‘s;” and carry-out ‘c;’ are evaluated using equations
s; =a; &b, B¢, w31
c; =a;.b; +(a; +b))c,, 3.2

where a; and b;are the i bits of the operands to be added and c;.; 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 carry adder and a carry 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 carry chain (skip chain). This adder has a good

11
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Cis Sys Cis 514 Cis Si3 C; S; ¢, S, ¢ 5 Co So

Fig. 3. 1 16-bit Ripple Carry Adder
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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 c; 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 c; 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

P4 =P4s-Ps-Pe-Pr ..3.3
pprwe =c3‘p47 ..3.4
Cy = P propagae + C1a .35

For each i® full adder in the 4-bit block, the sum ‘s;” and carry-out ‘c;’ signals are

evaluated using equations

p,=a;®b ..3.6
s, =a,®b; D¢, ..3.7
cl = a|°bi + (ai e bi ).CH 3 8

The critical path in the 16-bit carry skip adder starts with a carry generated at the o
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 s;s.

(co) = (€1) = (€2) = (c3) = (c7) — (c11)— (512) — (S13) = (514) — $(16)

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 ‘1°. 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, s;' and carry-out signals ‘c?’, c;' 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 carry ‘cy’ to the 4-bit block (or carry-out of the previous
block) as the select signal using equation

_ .1 0=
S; =85;.Cyy +5;.Cy ..3.9

Since ci drives as many multiplexers as bits in an adder block, its large fan-out can have
an effect on speed.

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

a=C,.Cy

C,=Cp+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 0™ position, rippling through the first 4-bit ripple carry adder
block, skipping second and third 4-bit carry select block through carry select path, and
being used by the fourth block to generate its carry-out ‘cys’.

(co) = (€1) — (€2) = (€3) = (€7) = (c11)— (€15)
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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 ¢” are calculated for a carry in of ‘zero’, and s' and ¢! are calculated

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

si° =a,®b, 3. 11
s;' =a, @b, 3,12
¢’=a,b, .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 carry-outs of each block
are then selected by the carry-out of the previous block. Hence the carry-out signal has
large fan-out.

For the 16-bit implementation, the critical path starts with generation of carry-signals
(co®, co') at the first conditional cell, which are used to select correct values of (¢,’, ¢1') of

next conditional cell and then selection of other carry signals in the following sequence.
(e’ co') = (&1, €1") = (e, ©2") = (c5°, €5") = (€3) = (€2) = (C11)— (C1s)

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
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g =a.b, ~3.15

p,=a,®b, .3.16

These values are then used to find the group propagate and generate (po; and go) 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
Bot =8 P18 3,17

Por = Po-Pi ..3.18

poi and go contain the information regarding the propagation through or generation of
carry in the group comprised of the first and second A—cells.

The values of (go1, po1) and (g23, p23) are then used by another B-cell at the third level to
find the values of group generate and propagate functions (go3, pos) for the group of four
successive A-cells. Similarly, values of go7 and po7 are found by combining (go3, (po3) and
(47, pa7) 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 ¢, ¢2, and
¢4 signals simultaneously with co as one of the inputs using equations

€, =8p +Po-Co ..3.19
C; =80 +Poi-Co ..3.20
Cy =803 tPu-Co .3.21

Similarly, carries ce, cs and c; are generated at the same time using a similar logic. Carry
c7 is obtained using cg, g, and pe as the inputs.
An extra logic is used to compute the carry-out ‘cs’ of the 8-bit adder using equation

Cs =8, +Py-Cy Cwe3.22

The sum signals are generated by individual A-Cell from operands a;, b; and ¢; (not ¢;.
for this adder as co is the input carry to the adder) and their complements using equations

p,=a,®b, : ..3.23

s, =p; D¢ ..3.24
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Since the carries are generated in parallel, the maximum delay occurs in generation of
cs The critical path for an 8-bit carry look-ahead adder starts with the generation of
signals (go, po, 81, P1. 82, P2» €3, P3) in A-cells simultaneously and ends at determination of

cs in the following sequence.

(g0, Po), (&1, p1) = (o1, Pot1), (23, P23) — (803, Po3) —> €4 —> Cs—> C7—> C

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.

e Conventional fully static CMOS logic

e Domino CMOS logic

e Complementary pass-transistor logic

e 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 al. 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 loads. This results in a significant area overhead, as also an increased gate input
capacitance, and therefore, high dynamic power dissipation.
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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 fast paths. Static CMOS gates also exhibit short-circuit currents. However, by
sizing transistors for equal rise and fall times, the short-circuit power component can be
nimized

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-logic 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 al. 1999, Martin 2000] This circuit style uses a single
clock phase clk. 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 fall 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 al. 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 fast 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 Vpp, 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 faster 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 al. 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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CHAPTER§

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 Tools 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
d@gnstymcategoriw.'l'h&seoellsarestoredinalibraryandusedbythedwigncrofthe

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, FSCARRYOUT, 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).

Pi
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b, K FSXOR —DO_T FSXOoR |
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8, —b..
T e |, TG g
‘ a, I'— a;
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 fully 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).
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Fig. 5.2.a Sum signal generation circuit and cell-schematic using domino CMOS logic
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Fig. 5.2. b Carry 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).

a, P;
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N oo o,
Cia
€

b, b, b, b,
L —— ai—-"—_- :"-——ai
ii CPXOR/ —[)o-p }
] ™ |[o-n !

Pi P

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

36



pl D xi
P =1 cranmy %, -
o ] o | D
Cia
NOR z
Ei _ Y ” %
2 cPANY |,
E" NAND
b,
bl ai 5\ -;i
o I
! CPAND/
g‘ | NaND V—m—yi

’

b, a, a, b,
Xi El_{E ] si
_ W,
Xi CPOR/ o
7 NOR L W HILC
Yi—

=
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Dual 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).
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%ii pexory DO~ Pi —q":[ ——lE —":‘ . —"":‘
Eii | XNR Do, :4 |—§l —4

Fig. 5.4.a Sum signal generation circuit and cell-schematic using dual pass transistor
logic

38



Pi — X;
Pi —] DPAND/ | %,
Cia —] NaND :
c,, — DPOR/
l NOR
3‘ —_— i
3 —— pranDy y.
5 — NAND -
b, —
a; b,
b, |a,
. L
Ef : —o—yi  _
bl DPAND/ b,
Bi —_| nanD —Do—7; -
7i-°<}-|
Yi X,
Yi
= W, 4[:1[
i DPOR/ <
Yi  NOR w _
Yi— I )'i—ci

|

Fig. 5.4.b Carry signal generation circuit and cell-schematic using dual pass transistor

logic

39



5.2 CELL DESIGN FOR CARRY SKIP ADDER

The carry 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 (cin) to the 4-bit carry skip block are shown in Fig.5.5

(a), and 5.5 (b). -
Pc_q: p‘—c“: :P— Ps ::")_' P,
P4 _| Pa
l;: 1 Ps —I
Pe | FSNAND4 [ Po—p,, pe —
— o

Fig. 5.5. a Group propagate (p47) signal generation circuit using fully static CMOS logic.

o E -
nap [P0 Poropegate o~ o
Pa™ | Cin propagate
"'— L‘ Pa

Ppropague — | FSNOR c p Po—c,
. —bo—©r  Proe Er,;]!————

— Cn

Fig. 5.5.b Carry propagation cells of carry-skip path using fully 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 carry-skip
path for propagating carry input (c;,) are shown in Fig. 5.6 (a), and 5.6 (b).
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Fig. 5.6. a Group propagate (p47) generation circuit using domino CMOS logic.
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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 (ci,) are shown in Fig. 5.7 (a), and 5.7 (b).

P
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Fig. 5.7. a Group propagate (p47) 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, 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 (ci,) are shown in Fig. 5.8 (a), and 5.8 (b).
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Fig. 5.8. a Group propagate (p47) signal generation circuit using dual pass transistor
logic.
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5.3 CELL DESIGN FOR CARRY SELECT ADDER
The carry 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 fully 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 carry, are same
as shown in Fig. 5.5 (b). The schematic of cell FSMUX used to select correct sum signal
using ‘cin” (carry input to the 4-bit carry select block) as the select signal is shown in Fig.
5.9.

s—d b—s'
Z‘,’x X L % p—ca .
“« ol s s

¢ —] G

Fig. 5.9 Sum signal selection circuit using fully 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 carry 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 ci, (carry input
to the 4-bit block) as the select signal is shown in Fig. 5.10.

ey

I—'Si
c, ——| I——Eﬁ,

clk hj_

- o

i

DMMUX _V)_

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 carry, are the same as shown in Fig. 5.3 (b). The schematic of cell CPMUX used to
select correct sum signal using ¢y, (carry input to the 4-bit block or carry-out of the
previous block) as the select signal is shown in Fig. 5.11.

i1 oM oS Ein__l '-—ci"

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 ‘ci,’ (carry input to the 4-bit block or carry-out of the
previous block) as the select signal is shown in Fig. 5.12.

S| oo [o-s ch_4 Ei,__l I_ce. }._Eu.

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.

Fully 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).

T
b, | —Po—s?
o

a;

Si_i

aa—dﬁ R
b‘—oli E o st

Fig. 5.13. a Sum signal generation circuit with input carry ‘0’ using fully static CMOS

logic.

baK FSXOR o §!

. E,‘—‘_glo— .
b, Io——aiﬁ’p— )

Fig. 5.13. a Sum signal generation circuit with input carry ‘1’ using fully static CMOS

logic.
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Po—cf

Fig. 5.13. ¢ Carry signal generation circuit with input carry ‘0’ using fully static CMOS
logic.

FSNOR [—0—¢!

Fig. 5.13.d Carry signal generation circuit with input carry ‘1’ using fully static CMOS
logic.
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G 3 )
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Fig. 5.13.¢ Sum (and carry) 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 (¢).

—_ 7
i el | i—:i !

| 5—] )
ckk ——-———|

Fig. 5.14. a2 Sum signal generation circuit with input carry ‘0’ using domino CMOS logic.

N K DMXOR | ol o

Fig. 5.14.b Sum signal generation circuit with input carry ‘1’ using domino CMOS logic.
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b, __| DMNAND —[)O——c?

clk 1_

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

°| P__
g It
—

DMNOR
b ] ——Do.

Fig. 5.14. d Carry signal generation circuit with input carry ‘1’ using domino CMOS
logic.

Fig. 5.14. ¢ Sum (and carry) signal selection circuit (multiplexer) using domino CMOS
logic
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Complementa ass 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).
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Fig. 5.15. a Conditional cell circuit for generation of conditional sum and carry signals
using complementary pass transistor logic
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Fig. 5.15. b Sum (and carry) signal selection circuit (multiplexer) using complementary
pass transistor logic
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Dual transistor logic

The standard cells used in the designs are-
DPCONDITIONAL-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).

0 ]
s S h

DPMUX ,_m_ s,

Fig. 5.16.a Sum (and carry) signal selection circuit (multiplexer) using complementary
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 ‘p;” and sum signal ‘s;" 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).

a; Pi

FSXO ]
bi— XOR I
FSXOR

Fig. 5.17. a Block diagram of A-cell and generate signal generation circuit using fully
static CMOS logic
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Fig. 5.17 ¢ Group propagate signal generation circuit using fully static CMOS logic.
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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 ‘p;’ and sum ‘s;’ 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 ‘g;’ functions is the same as shown in Fig.5.2 (b). The schematics
of standard cell used for implementing group generate (and carry), carry complement,
and group propagate are shown in Fig.5.18 (c), 5.18 (d), and 5.18 (e).
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a; 7 -p-i
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b, DMNAND g
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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.
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Fig. 5.18. d. Complement carry signal generation circuit using domino CMOS logic
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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 ‘p;’ and sum ‘s’ 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 ‘g’ 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).

8; CPXOR/ Pi
b, —— XNOR P
CPXOR/ s
¢, XNOR
c;
a, m Bi
CPAND/

Fig. 5.19. a Block diagram of A-cell
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Fig. 5.19. b Block diagram of B-cell
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Fig. 5.19. ¢ Group propagate signal generation circuit using complementary pass

transistor logic
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Fig. 5.19.d Carry (and group generate) signal generation circuit using complementary
pass transistor logic



Dual transistor c

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 ‘g;” 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).
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Fig. 520.a Block diagram of A-cell
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Fig. 5.20. b Block diagram of Bcell
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Fig. 5.20. ¢ Group propagate signal generation circuit using dual pass transistor logic
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Fig. 5.20.d Group generate signal generation circuit using complementary pass
transistor logic
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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/]) = 1.5, 3, and S to take into account the effect of increased (w/]) on the adder
performance. The minimum size (w/7)=1.5 corresponds to an area efficient
implementation, the moderate size (w/)=3 corresponds to a trade off between area and
speed, and, still larger size (w/)=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 1.2pum MOSIS fabrication run and are listed in Appendix B1.

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 carry-in to
the adder set to zero. Input pulses applied have rise and fall 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
poiit of the input w)oltage 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 (t;, t;) by using the
trapezoidal rule to evaluate the integral

P(t,,t,) =

jP(r)dx 6.1

1 le

Average power dlsslpated by the input sources is_also added to obtain total -average

power drssnpatgg_)ﬂe 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 imcluding circuit parasitics for fully 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 carry 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
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Fig. 6.1.a Propagation delay versus operand size for Ripple carry adder
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Fig 6.1.b Propagation delay versus operand size for Rippl carry adder
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Fig 6.1.c Propagation delay versus operand size for Rippke carry adder
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Fig. 6.1.d Propagation delay versus operand size for Ripple carry adder
Dual pass transistor logic
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Energy consumption (1e-10 J)
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Fig. 6.1.f Energy consumption versus operand size for Ripple carry adder
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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.
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Fig. 6.2. a Propagation delay versus operand size of Carry skip adder
Fully static CMOS logic
70 -
60 - y = 0.002x? + 0.7902x + 5.9333
Re = 0.9938 y = 0.0002x2 + 0.57x + 4.6648
50 ; R = 0.9931
2 40
>
o
& 301
20 y = -0.0006x? + 0.4788 + 3.9632
R220.9918
10
() . . , — .
0 10 20 30 40 50 60 70

Operand size

Fig 6.2. b Propagation delay versus operand size of Carry skip adder
Domino CMOS logic
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6.3 RESULTS OF CARRY SELECT ADDER

The simulation results of carry select adder designs are shown in Figs. 6.3.
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6.4 RESULTS OF CONDITIONAL SUM ADDER

The simulation results of conditional sum adder are shown in Figs. 6.4
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6.5 RESULTS OF CARRY LOOK-AHEAD ADDER

The simulation results of carry look-ahead adder designs are shown in Figs. 6.5.
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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 factor
of each design due to circuit parasitics has been obtained using simulation data. The
variation of parasitic degradation factor 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 fan-out per gate in the critical delay path, and parasitic degradation
factor.

Propagation delay=nxtxfx a w701

where n= number of gates in critical delay path
T = time constant of the technology
f= average fan-out per gate in critical delay path
a = parasitic degradation factor

The time constant of the technology (z) has been taken as the time delay in driving one
gate capacitance (Cg) through the resistance of one transistor (Rumos OF Rpmos) Without
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including the circuit parasitics using SPICE. Here the value of (t) is taken as the average
of (Rpamos X Cp) and (Ramos * Cg). Table T21 lists the average fan-out per gate in the
critical delay path obtained for different adder architectures. Table T22 lists the time
constant of technology obtained for different transistor sizes.

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

Adder Average fan-out per gate (f)
architecture

Fully static CMOS | Domino CMOS CPL DPL
Ripple carry 3.11 2.4 2.66 242
Carry skip 3.27 242 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

w/) Time constant (z) in seconds x10”
1.5 0.0885

3.0 0.0700

5.0 0.0600

Results show that the average fan-out per gate varies with the type of archrtecture and
logic design style. The time constant () decreases with increase in transistor width. The
parasitic degradation factor (a) is obtained by equating the propagation delay value
obtained from simulation to the equation 7.1. The value of parasitic degradation factor
obtained for each adder design is given in tables T30 to T49 listed in Appendix B4.
Graphs showing variation of (o) with operand size for different adders are shown in Figs.
7.1, 7.2, 7.3, 7.4, and 7.5. A second order polynomial is fitted to the data.

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

7.2 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 =E x ng x a x y x g x¥ 7.2

where E = energy consumption in driving one gate capacitance (Cy) through a transistor

n, = average number of gate output transitions in a design

a = parasitic degradation factor :

y = average load capacitance at the output of a gate in units of C; in an adder

design

g = glitch factor

¥ = 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 2° x 2°. Appendix
A8 lists the programs used for cakulating (n,) for different 4-bit adders for fully static
logic. Similar programs for other logic design styles have been used for estimating (ny).
The value of (n,) cannot be obtained for other operand sizes because of computation
limitations of the software used.

Energy consumption (E) in driving one gate capacitance (1C; 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 full
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 full 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 (Egegraed) 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 (Egegraded) 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 cakulate 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 ().

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 (¥)
accounts for the energy consumption due to switching of circuit nodes internal to the
gate. The value of () 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 (E) in driving one gate capacitance for same output conditions.
Table T26 lists the average weight-factor (¥) per gate for different logic design styles.

ABLE T23: ENERGY CONSUMPTION (E) IN DRIVING 1 GATE CAPACITANCE FOR DIFFERENT
TRANSISTOR SIZES

Energy consumption in driving one gate capacitance  (Jx10™")
Through a CMOS inverter with full | Through a CMOS inverter with degra
high-level logic at the input -ded high-level logic at the input
W E) (Edegraded)
1.5 1.40 32.18
3.0 3.06 65.40
50 4.99 109.29

TABLE T24: AVERAGE NUMBER OF GATE OUPUT TRANSITIONS (n; ) FOR DIFFERENT 4-BIT ADDERS
AND DIFFERENT LOGIC DESIGN STYLES

ipple Carry Carry Conditi- | Carry look-
i ahead

Logic carry skip select onal sum
design style adder adder adder adder adder

) Itg N Ny Is
Fully static CMOS 16.00 21.00 38.05 48.45 22.00
Domino CMOS 28.00 32.80 69.58 4299 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 Average load capacitance (%) in units of C; at the output of a gate
Fully static CMOS | Domino CMOS CPL DPL
Ripple carry 2.80 2.28 1.60 2.30
Carry skip 3.00 2.29 1.40 2.30
Carry select 3.50 3.70 1.60 2.46
Conditional sum 4.00 4.00 2.00 5.70
Carry look-ahead 5.50 4.40 1.60 3.00

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

Average weight-factor (¥) per gate
Logic design style wA)
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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7.3 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.
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7.3 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.
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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.
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7.5 RESULTS OF CARRY SELECT ADDER

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

designs is shown in Figs. 7.3.
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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.
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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.
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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 developed 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 (41, 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 developed. 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 Ope- Adder Propagation Propagation Propagation
design rand archite- wl) delay delay delay
style size cture (ns) (ns) (ns)

(Simulation ) (Modeling ) (Curve fitting )
1.5 9.94 921 9.50
12 Condit- 3 6.77 6.71 7.04
ional sum 5 5.78 5.58 5.87
Fully 1.5 23.90 24.51 24.80
static 20 Ripple 3 17.10 17.71 17.50
logic carry 5 14.10 14.54 14.90
design 1.5 15.10 15.77 16.40
style 24 Carry 3 10.70 11.08 11.40
select 5 8.28 3.78 90.6
1.5 16.60 17.05 17.30
28 | Carry skip 3 11.90 11.88 12.10
5 9.96 9.65 10.60
1.5 58.45 62.47 62.44
40 Ripple 3 40.11 42.42 41.46
carry 5 32.56 34.10 34.54
1.5 40.70 41.07 41.10
20 Ripple 3 28.40 29.28 29.50
carry 5 23.70 24.17 24.40
Domino 15 20.69 1921 19.15
CMOS 20 Carry 3 13.91 13.68 13.68
logic select 5 12.09 11.22 11.38
design 1.5 47.80 47.24 48.50
style 48 | camyskip [ 3 32.00 38.90 32.50
5 25.10 24.92 25.60
1.5 70.30 69.74 69.20
56 Carry 3 44.60 45.31 4430
select 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 Ope- Adder Propagation Propagation Propagation
design rand archite- w) delay delay delay
style size cture ) (ns) (ns) (ns)

(Simulation ) (Modeling ) (Curve fitting )
1.5 12.20 11.85 12.30
12 Ripple 3 8.58 8.57 8.40
carry 5 7.49 7.25 7.48
1.5 9.86 9.77 9.96
20 Condit- 3 6.53 6.52 6.53
CPL ionalsum [ 5 5.57 5.59 5.87
1.5 20.10 20.74 20.60
24 | Camy skip 3 14.10 13.79 13.90
5 12.00 11.54 11.70
1.5 42.20 44.25 42.60
52 Carry 3 26.90 29.59 26.30
select 5 21.30 21.90 20.90
1.5 20.14 19.05 19.64
12 Ripple 3 14.11 14.14 14.04
carry 5 12.26 11.93 12.18
1.5 8.80 9.05 9.01
20 Condit- 3 5.85 6.04 6.00
DPL jonal sum s 5.00 5.04 5.02
1.5 3045 32.56 32.69
28 | Camryskip [ 3 21.35 21.11 21.35
5 18.47 18.52 18.76
1.5 39.90 40.28 38.44
40 Carry 3 25.84 26.69 25.16
select 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 coﬁibination 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
Energy Energy
Logic Operand Adder (w/l) | consumption consumption
design size architecture Ix101° Ix10™°
style (Simulation ) (Curve fitting )
1.5 3.11 3.18
12 Condit- 3 4.57 4.94
ionalsum | 5 6.26 6.70
1.5 2.20 221
20 Ripple 3 2.98 3.04
Fully carry 5 4.06 2.04
static 1.5 5.01 5.08
logic 24 | Camyselect [ 3 6.97 7.0
design 5 8.1 9.82
style 1.5 3.86 4.08
28 Carry skip 3 5.38 5.42
5 7.33 7.45
. 1.5 5.67 5.81
40 Ripple 3 7.36 7.37
carry 5 9.59 9.58
1.5 6.24 6.26
20 Ripple 3 9.14 9.40
Domino carry 5 12.94 13.19
CMOS 15 11.13 10.99
pondl 20 | Carryselect [ 3 16.77 17.02
style 5 24.68 24.42
1.5 20.90 20.77
48 Carryskip | 3 28.89 29.02
5 39.82 39.80
1.5 40.59 40.37
56 Carry select 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
Energy Energy
Logic Operand Adder w/) consumption consumption
design size architecture Jx10'° Jx10°1°
style (Simulation ) (Curve fitting )
12 1.5 1.94 1.88
Ripple 3 2.72 2.63
carry -5 3.91 3.82
20 ' 1.5 4.24 428
Condit- 3 5.83 5.83
CPL ional sum 5 8.48 8.26
24 1.5 6.51 6.30
Carry skip 3 9.07 8.85
5 12.82 12.62
. 52 1.5 16.68 18.83
Carry select 3 21.36 24.75
5 34.83 32.13
12 1.5 2.36 2.34
Ripple 3 3.33 3.63
carry 5 4.78 4.75
DPL 20 1.5 5.14 5.26
Condit- 3 6.71 6.70
ional sum 5 9.29 9.19
28 1.5 8.36 8.48
Carry skip 3 11.61 11.54
5 16.35 16.07
40 1.5 16.79 19.71
Carry select 3 23.40 27.06
5 32.33 40.88

127



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

Energy consumption of 4-bit Adder
Jx107"°
Adder Fully static CMOS | Domino CMOS CPL DPL
architect | (w/4) logic logic

ure

model |on model | on model |on model | on

1.5 | 0282 0.276 | 0.687 | 1.042 | 0.547 | 0.563 | 0.620 | 0.633

Ripple 3510419 0408 | 1307 | 1.598 | 0.861 | 0.826 | 0.982 | 0.946

50 | 0.655 0.595 | 2.032 | 2.407 | 1.265 | 1.239 | 1.670 | 1.363

1.5 | 0.295 0317 | 0.703 | 1.121 | 0.682 | 0.651 | 0.449 | 0.737

Carry 39| 0423 | 0452 | 1.351 | 1.796 | 0978 | 0.903 | 0.958 | 1.068

s 50 | 0.667 0679 | 1.979 | 2.582 | 1.448 | 1.381 | 1.672 | 1518

1.5 | 0.554 0.612 | 2.044 | 2407 | 1.071 | 1.200 | 0.799 | 1.427

Camry 30 [ 0.839 0944 | 3.887 | 3.844 | 1.546 | 1.805 | 1.858 | 2.111

select
5.0 1.307 1.385 | 6.029 | 5.642 | 2.321 2.711 3.274 | 2.959

Conditio | 1.5 | 0.889 0902 | 1.844 | 1423 | 0.852 | 0.803 | 0.731 | 1.082

nal sum 375 1.329 1.356 | 3.623 | 2.197 | 1.189 | 1.166 | 1.498 | 1.399

5.0 2.073 1987 | 5.609 | 3.232 | L.753 | 2.711 | 2.594 | 1.943

Carry | 1.5 | 0.369 0376 | 1.173 | 1.146 | 0.820 | 0.781 | 0.673 | 0.853

book- 36T 0.545 0.608 | 2280 | 1.812 | 1219 | 1.182 | 1472 | 1.242

50 | 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 fact 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
i.e. ripple carry adder, carry skip adder, carry 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 § 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 carry 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, carry look-ahead adder architecture designed in fully static
CMOS logic gives the fastest addition.

» Carry look-ahead adder architecture is faster than other architectures for fully
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 carry adder architecture has the least energy-delay product (EDP)
irrespective of logic design style and transistor size except in dommo 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 fully 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 fully static CMOS and conditional sum adder architecture
for other logic design styles have the least EDP.

> Ripple carry 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 fully 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
fully 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 fully 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 3.6pum
(0.6 to 0.99 times the EDP of an adder obtained at transistor width equal to 1.8um). This
is because a moderate increase in (w/l) 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 carry 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/])=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 (Enndom) 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
(Eworncase) for a given logic design style. The ratio M defined as
M= Eooton
Em-ﬂ”
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 (1), average fan-out per gate in critical delay path (f), and the
parasitic degradation factor (a) has been used to estimate the worst-case propagation
delay. The time constant (t) 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 1C; 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 (W) per gate, average load capacitance at the
output of a gate (y), 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 (¥) 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 developed 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 combined 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 factor 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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APPENDIX A1

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.

clc,

clear all

diary prgresult.m
diary on

disp( oe

disp(’ )
disp(’'Adder analysis program’)
disp(' )

diw.t..........'.........“.....‘............“.

L 1) - ........‘...')

COOPENONIODOOGSOPINOPOTOINENGE00000 00O ’)

%Take input from user

disp(’ )

disp('Adder analysis options)

disp(’ )

disp("Analysis option valucs are:")

dispC )

disp(\(1)Delsy and energy consumption value for a given
adder’)

disp( architecture, logic design style, and channel width = 1)
disp(' )

disp((2)Name of architecture/s for a given delay and energy
value=2)

disp(’ )

diw.‘....... [ 111}

op=input('Please input analysis option=");

while op>2

disp(ERROR: Option value is out of the range. Please give
option value between | and 2)

disp(* )

d=input(Please input analysis option again=");

disp("

end;

cle;

disp(" )

if op=1,

disp(

*
disp(' )
disp(Program for obtaining value of energy consumption and
propegation delay )
disp(’ delay for 8 given arhitecture,design style and channel
width)
disp( )
disp(

(1111 ]

%Take input from user

disp( )

disp(Please input size of adder from 1 to 64 bits in multiples of
four’)

disp( )

x=input('Plcase input adder size (number of bits)=");

disp(' )

while x==0,

disp( ) )
x=input(Please input adder size i.e(number of bits) from 1 to
64 again in multiples of 4 =),

disp(*

end;
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while x>64,;

disp(ERROR: Adder size is out of the range. Please give adder
size from | to 64 in multiples of 4%

disp(' ")

x=input('Please input adder size i.e{number of bits) from 1 to
64 again in multiples of 4=");

disp( )

while x=0;

disp(ERROR: Adder size is out of the range. Please give adder
size from 1 to 64 in multiples of 4)

disp(' )

x=input(’Please input adder size i.e(number of bits) from 1 to
64 again in multiples of 4="),

end;
end;
cle;
disp(

)
disp('Architecture options and their values are:")
disp(' )
disp((1)No specific adder architecture.Print result for all
architectures= 0)
disp((2)Ripple carry adder architecture= 1)
disp({3)Carry select adder architecture= 2)
disp((4)Carry skip adder architecture= 3%
disp{{5)Carry look ahead adder architecture=4")
disp((6)Conditional sum adder architecture= 5
disp(')
b=input(Please input architecture option=);
while b>$
disp(ERROR: Option valuc is out of the range. Please give
option valuc between 0 and S")

disp( "

b=input(Please input architecture option sgain="),

disp(' ")

end

z:‘;“ e (211}

2
disp(Logic design style options and their values are:)
di
dzg((“(?)No specific logic design stylc.Print result for all design
styles.= 0)
disp((2)Fully static CMOS logic= 19
disp({3)Domino CMOS logic=2')
disp((4)Complementary pass transistor logic= 3")
disp( ")
c::!cp\n('l’lense input logic design style option value=);
while c>3
disp(ERROR: Option value is out of the range. Please give
option value between 0 and 37)
disp(' ")
c=input(Please input logic design style option again="),
o

cle
disp("*

see 6000000000 *e

disp(' )
disp(MOSFET Channel length is =1.2um")
disp(’ )



dm‘.....0....‘...'..O‘.O'....'...Q....‘..‘.....‘.
GOPOOCOBOINENECIONOINENENONIIPEBI0OOS ')
disp("Channe| width optioas and their values are:")

disp( ")

disp(’(1)No specific channel width choice.Print result for all
{wA) values= 0")

disp((2)Channel width (1.8um)= 19

disp((3)Channel width (3.6um)= 2")

disp(’(4 )Channel width (6.0um)= 3°)

disp( )

d=input(’Please input channe] width option=");

while >3

disp(ERROR: Option value is out of the range. Please give
option valuc between 0 and 39)

disp( ")

d=input('Plcase input channel width option again=");

disp(" )

end

diw.......'..............‘.. [ 1]
SEO0000000000800600300008000800000

XX I TIT T LTI LTI AT LI L2 1] )

x,b.c.d%display adder size.architecture,transistor width,logic
design style

[delsy}=p(x,b,¢c.d).%6calling function p

disp(

0000000000000 0000000008000 ')

disp(™* .

)
disp(Energy consumption results’)
disp(* )
(energy Fep(x,b.c,d); %calling function ep
elseif op=—2
disp( soe
GO0 00000000COSO [ ')
disp( ")
disp('Programme for obtaining best architecture for a required’)
disp(’encrgy consumption or propagation delay constraint or
both")

dispC )
disp( e
*e *
disp(‘Optioas for constraint/s are: )
disp(’ )

disp(Propagation delay constraint only= 1 )
disp(Energy consumption constraint only=2 )
disp(Both encrgy consumption and propagation delay
constraints =0")
disp(' )
constraint=input(’Please input constraint option=");
disp(

"

cle
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while constraint>3;
dispCERROR: Option value is out of the range. Please give
option value from 0 to 3")
dispC )
d=input(Please input constraint option again=");
disp(' )
end;
disp(’* ")
cle;
x=input(Please input adder size i.c(number of bits) from 1 to
64=7;
disp(’ ")
while x=0;
disp(’ )
x=input('Please input adder size i.¢(number of bits) from | to
64 again="),
dispC )
end;
while x>64;
disp(ERROR: Adder size is out of the range. Please give adder
size from 1 to 64°)
dispC" ")
x=input(Please input adder size i.e(number of bits) from 1 to
64 again="),
disp(' )
while x==0;
disp(ERROR: Adder size is out of the range. Pleasc give adder
size from 1 to 649
disp(' )
x=ipput(Please input edder size i.e{number of bits) from 1 to
64 again=");
end;

end;
clc;

if constraint=—1;

(delay}=delsim(x); %calling function delsim
elseif constraint=—=2

[energy J=enrgsim(x); %6calling function enrgsim
elseif coastraint==0;

[delay}=delsim(x);

disp(’

)]
[encrgy)=enrgsim(x),
end;

end;
diary off,




FUNCTION * DELSIM*

APPENDIX A2
Functions called in program listed in Appendix Al

This function is called in main program listed in Appendix A1l. It takes the propagation
delay as input and gives names of the adder designs having the specified value of critical

delay.

function{delay|=delsim(x)

pdelay = input(Please
mput propagationdelay
value,m seconds.= ),
disp(" )

de

disp(Tolerance -~
scoeptable vaniation m
propagxtiondelay and
enargy consumption
value) .
disp( )
ptol=inpua(Please mput
tolerance value in
propagationdelay(seconds
) Ok

cle
di-v('."'..l...ll....
0000000 SE000000SVEESS
TOENNCE0EEEE080002000
200VESS0CISESIESERSOS
...ll.."’)
countdel =0,

oefunction vrealfs
(delay]=vrcalfs(x).
ifdelay<(pdelay+ptol),
ifdelay (pdelay-ptol):
disp(’ )

disp(" )

delay

disp(’ Archtecture=
Ripple casry adder *)
disp("Channel width=
1.8um")

disp(Logic design style=
Fully static logic ")
countde=countdel+ 1.
end.

ad:

%function vrca2fs
(delay]=vrca2fs(x),
ifdelay<(pdelsy-+ptol);
ifdelay>(pdelay-ptol),
disp(")

disp(")

delay
disp(Architecture=
Ripple carry adder )
disp(‘Channel width=

Fully static logic )
countded=countdel+1;
ad,

end,

%afunction vreadfs
[delay)=vrca3fs(x);
ifdelay<(pdelay+ptol),
ifdelay>(pdelay-ptol),
disp(" ")

disp(' )

disp(* Architecture=
Ripple carry adder )
disp(‘Channel width=
6um’)

disp(Logic design style=
Fully static logic ")
countdel=countdel+1;
end,

end;

%finction vrcaldm
(delay]=vrcaldm(x);
ifdelay<(pdelay+ptol).
ifdelay>(pdelay-ptol).
disp(")

1.8um")
disp("Logic design style=
Domino CMOS logic ")
coumdel =countdel+1;
end:

ad;

%fimction vrca2dm
[delay]=vrca2dmy(x).
ifdelay<(pdelay+ptol),
lfddny>(pdday-ptol)

%function vrca3dm
[delay]=vrca3dm(x);
ifdelay<(pdelay+ptol);
ifdelay>(pdelay-ptol),
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disp(Channel width=
6um’)

disp(Logic design style=
Domino CMOS logic )
countdel=counidel+1;
end,

end,

osfunction vrcalcp
[delay}=vrcalop(x).
ifdelay<(pdelay+ptol).
ifdelay>(pdelay-pol).
disp(")

%ﬁmwcn vrca2cp
{delay]=vrea2op(x).
ifdelay<(pdelay+ptol);
ifdelay>(pdelay-ptol).
disp(' ")

disp(")

delay
disp(Architecture=
Ripple carry adder ")
disp(‘Channel width=
3.6um’)

disp('Logic design style=

Safunction vrealcp
(deday]=vrcadep(x).
ifdelay<(pdelay-+ptol).
ifdelay>(pdelay-ptol),
disp(')

disp()

delay

disp( Architecture=
Ripple carry adder ")
disp("Channe width=
6um’)

end;

disp("")

%finction vrealdp

{delay)=vrcaldp(x).

ifdelay<(pdelay+ptol);

ifdelay>(pdelay-ptol).

disp("")

disp(")

delay

disp(" Architecture=

Ripple carry adder )

disp('Channel width=

1.8um’)

disp(Logic design style=

Dual pass-transistor logic

)

countdel=countdel+1;

end:

ad;

%finction vrca2dp

[dday]m!@(x);
ifdelay<(pdelay+ptol);

ifdcisy>(pdelay-ptol);

3.6um’)
disp(Logic design style=
Dual pass-transistor logic

)
countdel=countdei+1;
ond;

end,

Sufunction vrca3dp
[delay]=vrcaldp(x).
ifdelay<(pdelay+ptol),
ifdelay>(pdelay-ptol)
disp(")

disp(" ")

delay
disp(Architecture=
Ripple carry adder ")
disp('Channel width=
6um’)

disp(Logic design style=
Dual pass-ransistor logic
"
courtdel=countdel+1;
end,

od;

disp('")

%function verllfs
[delay]=veril fi(x);
ifdelay<(pdelay+ptol).



ifdelay>(pdelay-ptol);
disp(' ")
disp( ‘)
delay
disp(Architecture= Carry
select adder )
disp(Channel width=
|.8um")
disp(Logic design style=
Fully static logic )
countdel=coumtdel+1;
end;
end;
%function veri2fs
(delay}=veri2fs(x);
ifdelay<(pdelay-+ptol);
ifdelay>(pdelay-ptol);
disp( ")
disp(" ")
delay
disp( Architecture= Carry
select adder )
disp('Channel width=
3.6um")
disp(Logic design style=
Fully static logic )
countdel=countdel+1;
end;
end;
%function verllfs
[delay}=veri 3fs(x);
ifdelay<(pdelsy+ptol);
ifdelay>(pdelay-ptol),
disp( )
disp( )
delay
disp( Architecture= Carry
seloct adder )
disp(Channel width=
6um’)
disp(Logic design style=
Fully static logic )
countdel=countdel+];
end;
end,
%function vcrl1dm
[delay)=verl 1dm(x);
ifdelay<(pdclsy+ptol);
ifdelay>(pdelay-ptol};
disp(’ )
disp( )
delay
disp("Architecture= Carry
sclect adder )
disp(Channel width=
1.8um’)
disp(Logic design style=
Domino CMOS logic )
countdel=countdel+1;
end;

end;

%function vcri2dm
[delay}=veri2dm(x),
ifdelay<(pdelsy+ptol),
ifdelay>(pdelsy-ptol),
disp(' ")

disp(' )

delay
disp(Architecture= Carry
select adder ")

disp(Channel width=
3.6um")

disp(Logic design style=
Domino CMOS logic )
countdel=countdel+1;
end;

end;

%function verl3dm
[delsy}=veri3dm(x).
ifdelay<(pdelay-+ptol);
ifdelsy>(pdelay-ptol);
disp( )

disp( )

delay
disp('Architecture= Carry
select adder *)
disp('Channel width=
6um’)

disp(Logic design style=
Domino CMOS logic )
countdelacountdel+1;
end;

end;

%function verllcp
[delay}=verd Icp(x);
ifdelay<{(pdelay-+ptol);
ifdelay>(pdelay-ptol);
disp(' ")

disp(’ "}

delay
disp(Architecture= Carry
seloct adder V)
disp(‘Channel width=
1.8um’)

disp(Logic design style=
Complementary pass-
transistor logic )
countdel=countdel+1;
end;

cad;

%function veri2cp
(delay}=veri2cp(x);
ifdelay<(pdelay+ptol);
ifdelay>(pdclay-ptol);
disp( )

disp(’ )

delay
disp(Architecture= Carry
select adder )
disp('Channel width=
3.6um")

disp(Logic design style=
Complementary pass-
transistor logic )
countdel=countdel+1;
end;

end;

%function verl3cp
[delay)=veri3cp(x);
ifdelay<(pdelay-+ptol);
ifdelay>(pdelay-ptol),
disp(' ")

disp('’)

delay
disp(Architecture= Carry
select adder )
disp('Channel width=
6um’)
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disp(Logic design style=
Complementary pass-
transistor logic ‘)
countdel=countdel+1;
end;

end;

%function verl 1dp
[delay)=verd 1dp(x):
ifdelay<(pdeclay+ptol);
ifdelay>(pdelay-ptol);
disp('")

disp(' ")

delay
disp(Architecture= Carmry
select adder )
disp(’Channel width=
1.8um")

disp("Logic design style=
Dual pass-transistor logic

countdel=countdel+1;
end;

end;

%function veri2dp
[delay}=veri2dp(x);
ifdelay<(pdelay+ptol);
ifdelay>(pdelay-ptol);
disp( *)

disp( ‘)

delay
disp(Architecture= Carry
select adder )
disp(Channel width=
3.6um")

disp(Logic design style=
Dual pass-transistor logic

countdel=countdel+1;
end;

end;

Y%function verl3dp
[delay}=veri3dp(x);
ifdelay<(pdelay-+ptol);
ifdelay>(pdelay-ptol);
disp( ")

disp(" ")

delay
disp(Architecture= Carry
select adder )
disp(‘Channel width=
6um’)

disp(Logic design style=
Dual pass-transistor logic

p)

countdel=countdel+1;
end;

end;

%finction vclalfs
(delay]=velalfis(x);
ifdelay<{pdelay+ptol);
ifdelay>(pdeiay-ptol);
disp( ")

disp(' ")

delay
disp(Architecture= Carry
look shead adder )
disp('Channel width=
1.8um’)

disp(Logic design style=
Fully static logic )

countdel=countdel+1;
end;
end;

%function vela2fs
[delay}=vela2fs(x);
ifdelay<(pdelay+ptol);
ifdelay>(pdelay-ptol);
disp(' ")

dispC )

delay

disp( Architecture= Carry
lock ahead adder )
disp('Channe] width=
3.6um")

disp('Logic design style=
Fully static logic ")
countdel=countdel+1;
end;

end;

%function vcla3fs
[delay}=velaldfi(x);
ifdelay<(pdelay+ptol);
ifdelay>(pdelay-ptol);
disp(' )

disp(' ")

delay
disp(’Architecture= Carry
look ahead adder )
disp(Channel width=
6um’)

disp(Logic design style=
Fully static logic ")
countdel=countdel+1;
end;

end;

%function vclaldm
(delay}=vclaldm(x),
ifdelsy<(pdclsy-+ptol);
ifdelay>(pdelay-ptol);
disp( ")

disp(" )

delay
disp(Architecturo= Carry
look ahesd adder 0
disp(‘Channcl width=
1.8um")

disp(Logic design style=
Domino CMOS logic ")
countdel=countdel+1;
end;

end;

%finction vcla2dm
(delayl=vcla2dm(x);
ifdelay<(pdelay-+ptol);
ifdelay>(pdclay-ptol);
disp( )

disp(Logic design style=
Domino CMOS logic )
countdel=countdel+1;
end;

end;

%function vcla3dm
[delay}=vcla3dm(x),
ifdelay<(pdelay+ptol);



ifdelay>{pdelay-ptol);
disp(" )

disp(" )

delay

disp( Architecture= Carry
look ahesd adder ")
disp(Channel width=
6um’)

disp("Logic design style=
Domino CMOS logic )
countdel=countdel+1;
end;

end;

%function vclalcp
[delsy}=velalep(x),
ifdelay<(pdelay+ptol);
ifdelay>(pdelay-ptol);
disp( )

disp(" )

delay
disp(’Architecture= Carry
look shead sdder )
disp(’Channel width=
1.8um")

disp(Logic design style=
Complementary pass-
tansistor logic ")
countdel=countdel+1;
end;

end;

%function vcla2ep
[delay}veladep(x),
ifdelay<(pdelsy+ptol),
ifdelay>(pdelay-ptol);
disp(’ )

disp(’ )

delay
disp(Architecture= Carry
ook ahead adder ")
disp("Channel width=
3.6um")

disp(Logic design style=
Complemestary pass-
tansistor logic )
countdel=countdel+];
end;
end;
%function veladcp
[delay}=vcla3cp(x);
ifdelsy<(pdelsy-+ptol),
ifdelay>(pdelay-ptol);
disp(’ )

disp('")

delay

disp(" Architecture= Carry
look ahead adder )
disp("Channcl widtt=
6um’)

disp(’Logic design style=
Complementary pass-
tansistor logic )
countdel=countdel+1;
end;

end;

% function vclaldp
{delayl=velaldp(x),
ifdelay<(pdeclay-+ptol);
ifdelay>(pdelay-ptol);
disp( ")

disp( )

delay

disp('Architecture= Carry
look ahead adder )
disp(‘Channel width=
1.8um")

disp(Logic design style=
Dual pass-tansistor logic

countdel=countdel+1;
end;

end;

Yfunction vcla2dp
{delay}=vecla2dp(x);
ifdelsy<{pdelay+ptol);
ifdelsy>(pdelay-ptol);
disp( ")

disp(' )

delay
disp('Architecture= Carry
look ahead sdder ©)
disp('Channel width=
3.6um")

disp(Logic design style=
Dusl pass-tansistor logic
)

countdel=coumtdel+1;
end;

end;

Y%function vcla3dp
(delay}=vcla3dp(x),
ifdelay<(pdelay+ptol);
ifdelay>(pdelay-ptol);
disp('")

disp(' )

delay
disp(‘Architecture= Carry
look ahesd adder ')
disp('Channe] width=
6um’)

disp(Logic design style=
Dual pass-tansistor logic

)

countdel=countdel+1;
cad,

end;

%% function vesk1fs
[delay}=vesk 1£(x);
ifdelay<(pdelay+ptol);
ifdelay>(pdelay-ptol);
disp( )

disp( )

delay
disp(’Architecture= Carry
skip adder )
disp(Channel width=
1.8um’)

disp(Logic design style=
Fully static logic ")
countdel=countdel+1;
end;

end;

%function vesk2fs
ifdelay<{pdelay+ptol);

i lay-ptol);
disp(' 9

disp(' )

delay
disp(Architecture= Carry
skip adder ")
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disp(‘Channel width=
3.6um")

disp(Logic design style=
Fully static logic ")
countdel=countdel+1;
end;

ead;

%function vesk3fs
(delay}=vesk3fs(x);
ifdelay<(pdelay+ptol);
ifdelay>(pdelay-ptol);
disp(' )

disp( )

delay
disp(Architecture= Carry
skip sdder )
disp(‘Channel width=
6um”)

disp('Logic design style=
Fully static logic )
countdel=countdel+1;
end;

end;

%function vesk1dm
[delay}=vesk 1dm(x);
ifdelay<{pdelay-+ptol);
ifdelay>(pdelay-ptol);
disp(' )

disp(' )

delay
disp(Architecture= Carry
skip adder ")
disp(‘Channe] width=
1.8um")

disp(Logic design style=
Domino CMOS logic ")
countdel=countdel+1;
end;

end;

%function vesk2dm
[delay}=vesk2dm(x);
ifdelay<(pdelay+ptol);
ifdelay>(pdelay-ptol);
disp(" ) :

disp(' ")

delsy
disp(‘Architecture= Carry
skip adder )
disp(Channel width=
3.6um’)

disp('Logic design style=
Domino CMOS logic )
countdel=countdel+1;
end;

end;

%function vcsk3dm
[delay}=vesk3dm(x);
ifdelay<(pdelay+ptol);
ifdelay>(pdelay-ptol);
disp( )

disp('")

delay
disp('Architecture= Carry
skip adder ")
disp(Channel width=
6um’)

disp(Logic design style=
Domino CMOS logic ")
countdel=countdel+1;
end;

end;

Yfunction vesklcp
[delay}=vesk 1cp(x).
ifdelay<{pdelay+ptol);
ifdelay>(pdelay-ptol);
disp( )

disp(" )

delay
disp('Architecture= Carry
skip adder )
disp(‘Channel width=
1.8um’)

disp(Logic design style=
Complementary pass-
transistor logic )
countdel=countdel+1;
end;

end;

%function vesk2cp
[delay}=vesk2ep(x):
ifdelay<{pdelay+ptol),
ifdelay>(pdclay-ptol);
disp(' )

disp(' )

delay
disp(Architecture= Carry
skip adder ")
disp(*Channel width=
3.6um")

disp(Logic design style=
Complementary pess-
transistor logic ")
countdel=countdel+1;
cad;

end;

[delay}=vesk3ep(x),
ifdelzy<{pdelay+ptol);
ifdelay>(pdelay-ptol);
disp( )

disp(' ")

delay
disp('Architecture= Carry
skip adder 7}
disp(Channel width=
6um’)

disp(Logic design style=
Complementary pass-
transistor logic )
countdel=countdcl+1;
end;

end;

%finction veskldp
[delay=vesk1dp(x);
ifdelay<{pdelay+ptol),
ifdclay>(pdelay-ptol);
disp( )

disp(' )

delay
disp('Architecture= Carry
skip adder ")
disp(Channel width=
1.8um")

disp(Logic design style=
Dual pass-transistor logic
l)

countdel=countdel+!;
end;

end,

%function vesk2dp



[delay}=vesk2dp(x),
ifdelay<(pdelay+ptol);
ifdelay>(pdelay-ptol);
disp(' ")

disp( 9

delay
disp(Architecture= Carry
skip adder )
disp(Channel width=
3.6um")

disp("Logic design style=
Dual pass-transistor logic
)

countde)=countdel+];
end;

end;

%function vesk3dp
[delsy}=vesk3dp(x),
ifdelsy<{pdelsy+ptol),
ifdelay>(pdelay-ptol);
disp(' ")

disp( ")

delay
disp("Architecture= Carry
skip adder ")
disp(‘Chamnel width=
6um’)

disp(Logic design style=
Dual pass-transistor logic

)
coumdel=countdel+];
end;

eod,

%function vend I fs
(delay}=vend] f(x);
ifdelay<(pdelsy+ptol),
ifdelay>(pdelay-ptol),
disp( )

disp(' )

delay

disp( Architecture=
Conditional sum adder ")
disp(Chamnel width=
1.8um")

disp(Logic design style=
Fully static logic ")
countdel=countdei+1;
end;

end;

%function vend2fs
(delsy}=vead2f(x);

ifdelsy<(pdelay-+ptol);
ifdelay>(pdelay-ptol);
disp( )

disp(' )

delay

disp( Architecture=
Conditional sum adder ")
disp('Chamne] width=
3.6um")

FUNCTION ‘ENRGSIM’

disp(Logic design style=
Fully static logic )
disp(' )
countdel=countdel+1;
end;

end;

%functioa vend3fs
[delay}=vend3fs(x),
ifdelsy<(pdelsy+ptol);
ifdelay>(pdelsy-ptol);
disp(”)

disp(' )

delay
disp(Architecture=
Conditional sum adder )
disp('Channel width=
6um’)

disp(Logic design style=
Fully static logic )
countdel=countdel+1;
cod;

ead;

%function vend 1dm
[delay}=vend 1 dm(x);
ifdelay<(pdelay+ptol);

ifdclasy>(pdelsy-ptol);
disp( )

disp(" )

delay

disp( Architecture=
Conditional sum adder )
disp(Channel width=
1.8um’)

disp(Logic design style=
Domino CMOS logic )
countdel=countdel+1;
end;

end;

%function vend2dm

ifdelsy>(pdelay-ptol);
disp(* )

disp(' ")

delsy

disp(Architecture=
Conditional sum adder )
disp(‘Chaanel width=
6um”)

disp(Logic design style=
Domino CMOS logic )
countdel=countdel+1;
end;

end;

%function vendlcp
{delay}=vend lcp(x);
ifdelay<(pdelay-+ptol);
ifdelay>{(pdelay-ptol);
disp( )

disp("")

delay
disp(Architecture=
Conditional sum adder ")
disp(Channe] width=
1.8um")

disp(Logic design style=
Complementary pass-
transistor logic )
countdel=countdel+1;
end;

end;

%function vend2cp
[delay}=vend2ep(x);
ifdelay<{pdeclay-+ptol);
ifdelay>(pdelay-ptol),
disp( )

disp( )

delay
disp('Architecture=
Conditional sum adder )
disp(‘Channel width=
3.6um")

disp(Logic design style=
Complementary pass-
transistor logic )
countdel=countdel+1;
end;

end;

%function vend3cp
{delay}=vend3cpl(x);
ifdelay<{pdelay+ptol);
ifdelay>(pdelay-ptol);
disp(")

disp( )

delay
disp('Architecture=
Conditional sum adder )
disp(Channel width=
6um’)

disp(’Logic design style=
Complementary pass-
transistor logic )
countdel=countdel+1;
end;

end;

%function vend 1dp

(delay}=vend tdp(x);
ifdelay<(pdelay+ptol);
ifdelay>(pdelay-ptol);
disp(’ )

disp(' )

delay
disp(Architecture=
Conditional sum adder )
disp('Channel width=
1.8um")

disp(Logic design style=
Dual pass-transistor logic

countdel=countdel+1;
end;

end;

%function vead2dp
[delay}=vend2dp(x);
ifdelsy<{pdelay+ptol);
ifdelay>(pdelay-ptol);
disp(’ ‘)

disp(' )

delay
disp(Architecture=
Conditional sum adder ")
disp(Channel width=
3.6um")

disp(Logic design style=
Dual pass-transistor logic
)

countdel=countdel+1;
end;

end;

%function vend3dp
[delay}=vend3dp(x);
ifdelay<{pdelay+ptol);,
ifdelay>{(pdelay-ptol).
disp(' )

disp(')

delay

disp(C Architecture=
Conditional sum adder )
disp(Channel width=
6um’)

disp(Logic design style=
Dual pass-transistor logic

)
countdel=countdel+1;
end;

end;

countdel;

if countdel=0;
disp(Adder architecture
with required worst-case
propagationdelay is not
found. Please relax
tolerance”)

end;

This function is called in Appendix A1. It takes the energy consumption per addition as
input and gives names of the adder designs having energy consumption near the specified

value,



function{energy j=enrgsim
(x).

%function call

%sim

%widi=1.8um
cenergy=input(Please
input requiredenergy
consumption value,in
Joules,= ",

disp(' ")

cle

disp(Tolerance —>
scceptable
vanationenergy
consumption value (in
Joules))

disp(' ")
ctol=input(Please input
tolerance value inenergy
consumption value
{Joules) =),

cle
dw..."...."....

(I ITTITT LTI T2 4 Y ]
.O'...O."’

count=0,

%function vrcaclfs
(energy}ovreac ) ix(x);

if energy<(cenergy+etol),
if energy>{cenergy-ctol),
disp(" )

disp(' )

cneTgyY
disp(Architecture=
Ripple carry adder )
disp(’Charme! width=
1.8um’)

disp(Logic design style=
Fully static logic ")
count=count+];

end;

end;

%function vrcae2fs
[energy[vrcae2fs(x);

if energy<{cenergy-+etol);
if energy>(cenergy-ctol);
disp(’ ")

disp(' )

energy
disp(’Architecture=
Ripple carry adder )
disp(Channel width=
3.6um")

disp(Logic design style=
Fully static logic )
count=count+1;

end;

end;

%function vrcae3fs
{energy}=vrcae3fs(x);

if energy<(cenergy+etol),
if energy>(cenergy-ctol);
disp(* )

disp(’' )

caergy
disp(Architecture=
Ripple carry adder ')

disp(‘Channel width=
6um’)

disp(Logic design style=
Fully static logic )
count~count+];

end;

end;

%function vrceeidm
[energy=vrcaeldm(x);
if energy<{cencrgy-+ctol);
if energy>(cenergy-ctol);
disp(' )
disp( )
energy
disp(Architecture=
Ripple carry adder )
disp(Logic design style=
Domino CMOS logic )
count=count+1;

if encrgy<(cencrgy-+etol);
if energy>(cenergy-etol);
disp(' )

disp(' ")

energy
disp('Architecture=
Ripple carry adder )
disp(‘Channel width=
3.6um")

disp(Logic design style=
Domino CMOS logic )
count=count+1;

ead;

end;

%function vrcse3dm
(energyl=vrcae3dm(x);
if energy<(cencrgy+etol);
if energy>(cenergy-ctol);
disp(’ )

disp( )

CnCIgy
disp(Architecture=
Ripple carry adder )
disp(‘Channe] width=
6um’)

disp(Logic design style=
Domino CMOS logic )
count=count+l1;

end;

end;

%function vrcaelcp
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%function vrcac2cp
[energy}=vrcae2cp(x):

if energy<{cenergy+etol);
if encrgy>{cenergy-ctol);
disp(’ ")

disp(’ ")

energy
disp(Architecture=
Ripple carry adder )
disp(‘Channel width=
3.6um")

disp(Logic design style=
Complementary pass-
transistor logic ")
count=count+1;

end;

end;

%function vrcae3cp
[energy}=vrcae3ep(x).

if energy<(cenergy-+etol),
if energy>(cenergy-ctol);
disp(’ )

disp(’ )

energy
disp('Architecture=
Ripple carry adder )
disp(‘Channel width=
6um’)

disp(Logic design style=
Complementary pass-
transistor logic 7)
count=count+1;

end;

end;

%function vrcacldp
[energy}=vrcael dp(x);

if energy<(cenergy+etol);
if energy>{cenergy-ctol);
dispC ')

disp(" )

encrgy
disp(Architecture=
Ripple carry edder )
disp(Channel width=
1.8um")

disp(Logic design style=
Dual pass-transistor logic
)

count=count+1;

end;

end;

%function vrcae2dp

if coergy>(cenergy-etol);
disp(’ )

disp(' )

cneTgY
disp(Architecture=
Ripple carry adder )
disp('Channel width=
3.6um")

disp(Logic design style=
Dual pass-transistor logic
b

count=count-+1;

end;

end;

%function vrcac3ldp
{energy[-vrcac3dp(x);

if energy<(cenergy+etol),
if energy>(cenergy-ctol);
disp(* )

disp(' )

CNCTRY
disp(’Architecture=
Ripple carry adder )
disp('Channel width=
6um’)

disp(Logic design style=
Dual pass-transistor logic
)]

count=count+1;

end;

end;

%function verlelfs
[energy)=veriel fs(x),

if energy<{cencrgy+etol);
if energy>(cenergy-etol);
disp(' )

disp(' )

energy
disp(Architecture= Carry
select adder )
disp('Channel width=
1.8um")

disp(Logic design style=
Fully static togic )
count=count+l;

end;

end;

Y%function verie2fs
[energy}=verle2fi(x);

if energy<{cenergy+etol);
if energy>(cenergy-ctol);
disp( )

disp(' )

energy
disp(Architecture= Camry
select adder ")
disp(Channel width=
3.6um")

disp(Logic design style=
Fully static logic )
count=count+1;

end;

end;

%function verie3fs
(coergy}=verie3f(x),

if energy<{cenergy-tetol);
if energy>{cenergy-etol);
disp(' 9

disp(')

encrgy
disp('Architecture= Carry
select adder )
disp(Channel width=
6um’)

disp(Logic design style=
Fully static logic ")
count=count+1;

end;

end;

%function verieldm
[energy}=verieldm(x);
if energy<{cenergy+etol);
if energy>(cenergy-etol);
disp(' )

dispC )

energy



disp("Architecture= Carry
sclect adder )
disp('Channel width=
1.8um")

disp(Logic design style=
Domino CMOS logic %)
count=count+];

end:

end;

%function verle2dm
[energy}=verle2dm(x),

if energy<{cenergy-+tetol),
if energy>(cenergy-etol);
disp(')

disp(' ")

encrgy

disp(" Architecture= Carry
select adder )
disp(‘Channe! width=
3.6um")

disp(Logic design style=
Domino CMOS logic ")
count=count+1;

end;

end;

%function verle3dm
[energy}=verie3dm(x);

if energy<{cenergy+etol),
if energy>{cenergy-ctol);
disp(" ")

disp("")

cnergy
disp('Architecture= Carry
sclect adder )
disp(*Channel width=
6um”)

disp(’Logic design style=
Domino CMOS logic ")
count=count+1 ;

end;

end;

%function vericlcp
[energy}=verielep(x),

if energy<{cencrgy+etol),
if encrgy>(cenergy-ctol);
disp(' )
disp(' )
energy
disp(Architecture= Carry
select adder )
disp("Channel width=
1.8um")

disp('Logic design style=
Complementary pass-
transistor logic )
count=count+],

end;

end;

%function verie2cp
[encrgy}=verle2ep(x);

if encrgy<(cencrgy-+etol),
if epergy>(cenergy-ctol);
disp(’ ")

disp(' )

cnergy

disp( Architecture= Carry
select sdder )
disp(*Channe] width=
3.6um")

disp(Logic design style=
Complementary pess-
transistor logic )
count=count+1;

end;

end;

%function verie3cp
[enesgy[veredep(x);

if energy<(cencrgy-+etol);
if energy>(cencrgy-ctol);
disp(' ")

disp(' )

CneTgyY
disp(Architecture= Carry
sclect adder )
disp(‘Channel width=
6um’)

disp(Logic design style=
Complementary pass-
transistor logic )
count=count+1;

end;

end;

%function verieldp
[evergy)=verie1dp(x);

if energy<{cenergy+etol);
if energy>{(cencrgy-ctol);
disp(' ")

disp(')

cnergy
disp(Architecture= Carry
select adder )
disp(’Channel width=
1.8um’)

disp(Logic design style=
Dual pass-transistor logic
)]

count=count+1;

end;

end;

%function verie2dp
[energy)=verie2dp(x);

if energy<(cenergy+tetol),
if energy>(cenergy-etol),
disp(' )

disp(' ")

COCTRY
disp('Architecture= Carry
sclect adder )
digp('Channel width=
3.6um")

disp('Logic design style=
Dual pass-transistor logic
2

count=count+1;

end;

end;

%function verle3dp
[cvergy}=verte3dp(x);

if encrgy<(cenergy tetol);
if energy>(cenergy-ctol);
disp( )

disp("")

coergy
disp(Architecture= Carry
select adder ")
disp('Channe] width=
6um’)
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disp('Logic design style=
Dual pass-transistor logic
)

count=count+1;

end;

end;

%function vclaelfs
[energy}=velae]l £5(x);

if energy<{cenergy+etol);
if energy>(cenergy-etol),
disp(' )

disp(' )

EnCIgY
disp('Architecture= Carry
look ahead adder *)
disp('Channel width=
1.8um")

disp(Logic design style=
Fully static logic )
count=count+1;

cod;

end;

%fimction vclae2fs
[energy}=velae2fs(x).

if energy<{cenergy-+etol);
if energy>(cencrgy-ctol);
disp('")

disp(’ )

energy
disp(Architecture= Carry
look ahead adder ")
disp(*Channel width=
3.6um")

disp('Logic design style=
Fully static logic ")
count=count+1,

end;

cad;

%function vclac3fs
[energy}=velaedfi(x),

if energy<{cenergy+etol);
if energy>(cenergy-ctol);
disp(')

disp( ")

coergy

disp( Architecture= Carry
look ahead adder )
disp('Channel width=
6um”)

disp(Logic design style=
Fully static logic ‘)
count=count+1;

cud;

end;

%Lfunction velaeldm
[energy}=velaeldm(x),

if energy<(cencrgy-+tetol);
if energy>(cencrgy-ctol);
disp(' )

disp(' )

encrgy
disp(Architecture= Carry
look ahead adder )
disp('Channel width=
1.8um’)

disp(Logic design style=
Domino CMOS logic ")
count=count+1;

end;

end;

%function vclae2dm
{energyvclae2dm(x);

if energy<{cenergy-+tetol);
if energy>(cenergy-etol),
disp(' )

dispC )

encrgy
disp('Architecture= Carry
lock ahead adder )
disp('Channe] width=
3.6um")

disp(Logic design style=
Domino CMOS logic )
count=count+1;

end;

end;

%function vclae3dm
(energy)=velac3dm(x);

if energy<(cenergy-+etol);
if energy>(cenergy-ctol);
disp(' )

disp(' )

energy
disp('Architecture= Carry
look ahead adder )
disp(*Channel width=
6um”)

disp(Logic design style=
Domino CMOS logic ")
count=count+1;

end;

end;

%function vclaelcp
[energy)=velaelcp(x);

if energy<{cenergy+etol);
if energy>(cenergy-etol);
disp(' )

disp(')

eaergy
disp('Architecture= Carry
look ahead sdder )
disp(Channel width=
1.8um")

disp(Logic design style=
Complementary pass-
tansistor logic )
count=count+1;

end;

end;

%function vclae2cp
[energy}=velae2ep(x);

if energy<(cenergy+tetol);
if energy>(cenergy-ctol);
disp(' )

disp( )

CNETRY
disp(Architecture= Carry
look ahead adder V)
disp(‘Channel width=
3.6um’)

disp(Logic design style=
Complementary pass-
tansistor logic ")
count=count+1;

end;

end;

%function velaedcp
[energyl=velas3ep(x);

if energy<{(cencrgy-+ctol);
if energy>(cenergy-etol);



disp(" )
disp(" ")

encrgy
disp("Architecture= Carry
look ahead adder °)
disp(‘’C hannel width=
6um”)

disp(Logic design style=
Complementary pass-
tansistor logic ")
countr=count+);

end;

end;

%function vclseldp
[energyl=vclac 1dp(x);

if energy<(cenergy-+etol),
if encrgy>(cencrgy-etol),
disp(" ")

disp(" )

Encrgy
disp(Architecture= Carry
look ahead adder )
disp('Channel width=
1.8um")

disp(Logic design style=
Dua) pess-tansistor logic
9

count=count+|;

end;

end,

%function vclae2dp
[energy}=velac2dp(x);

if energy<(cenergy-+etol);
if energy>(cenergy-ctol);
disp( ")

disp(' ")

encrgy
disp(Architecture= Carry
look ahead adder )
disp('Channel width=
3.6um")

disp(Logic design style=
Dual pass-tansistor logic
)

count=count+);

end;

end;

%function vclaeddp
[energy)=velac3dp(x).

if energy<{cencrgy+etol),
if encrgy>(cencrgy-ctol);
disp(' ")

disp( ")

COCTRY

disp( Architecture= Carry
look ahead adder )
disp(Channel width—
6um”)

disp(Logic design style=
Dual pass-tansistor logic
)

count=count+1;

end;

end;

%function veskelfs
(energy}eveske] fixx),

if encrgy<{cenergy+ctol),
if energy>(cenergy-etol);
disp(’' ")

disp(’ ")

EnCrgy
disp(Architecture= Carry
skip adder )
disp('Channel width=
1.8um")

disp(Logic design style=
Fully static logic ")
count=count+1;

end;

end;

%function veske2fs
[encrgy)=veske2fs(x);

if energy<(cenergy-+etol);
if coergy>(cenergy-ctol);
disp(")

disp(")

eocTgy
disp(Architecture= Carry
skip sdder )
disp(‘Channel width=
3.6um")

disp('Logic design style=
Fully static logic ")
count=count+1;

end,

end;

%function veskedfs
[coergy}veske3fs(x),

if encrgy<{cenergy-+etol);
if energy>(cenergy-ctol);
disp(')

disp(' )

CDeTRY
disp(Architecture= Carry
skip adder )
disp(‘Channel width=
6um”)

disp(Logic design style=
Fully static logic ")
count=count+1;

end;

end;

%function vcskeldm
[cnergy}=veskeldm(x);
if energy<(ccoergy+etol);
if energy>(cenergy-etol);
disp(‘ 9

disp(' )

cncrgy
disp(Architecture= Carry
skip adder ")
disp(Channe width=
1.8um")

disp(Logic design style=
Domino CMOS logic )
count=count+1;
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disp('Logic design style=
Domino CMOS logic ")
count=count+l;

end;

end;

%function veskeddm
(encrgy}=veske3dm(x);,
if energy<{cenergy+etol);
if energy>(cenergy-ctol);
disp( ")

disp(' )

CDCTRY
disp(‘Architecture= Carry
skip adder ")
disp(Channel width=
6um’)

disp(Logic design style=
Domino CMOS logic ")
count=count+1;

end;

end;

%function veskelcp
[energy}=veskelep(x):

if energy<{cenergy-tetol);
if energy>{cenergy-ctol);
disp(' ")

disp(' ")

energy
disp(Architecture= Carry
skip adder )
disp(Channel width=
1.8um)

disp(Logic design style=
Complementary pass-
transistor logic )
count=count+1;

end;

end;

%sfunction veske2cp
[energy)=veske2ep(x);

if energy<(cenergy-+tetol);
if energy>(cenergy-ctol);
disp(' )

disp(' ")

cneTgy
disp('Architecture= Carry
skip adder ")
disp(Channe! width=
3.6um’)

disp(Logic design style=
Complementary pass-
transistor logic )
count=count+1;

end;

end;

%function veske3cp
[energy)}=veske3cp(x)

if energy<(cenergy-+etol);
if energy>(cenergy-ctol);
disp(' )

disp(' )

CDergy
disp('Architecture= Camry
skip adder )
disp('Channel width=
6um")

end;

end;

%function veskeldp
[energy}=veskeldp(x);

if energy<(cencrgytetol);
if encrgy>(cenergy-ctol);
disp(’ )

disp("")

cncTgy
disp(Architecture= Carry
skip adder ')
disp(Channel width=
1.8um")

disp(Logic design style=
Dual pass-transistor logic
¥

count=count+1;

end;

end;

%function vcske2dp
[energy Joveske2dp(x);

if energy<{cenergy-tetol);
if energy>(cenergy-ctol);
disp(' )

disp(’ )

energy
disp('Architecture= Carry
skip adder ")
disp(Channel width=
3.6um")

disp(Logic design style=
Dual pass-transistor logic
)

count=count+l;

end;

end;

%function veskeddp
[cnergy}=veske3dp(x);

if energy<{cenergy-etol);
if energy>(cenergy-ctol);
disp( )

disp( )

cnergy
disp(Architecture= Canry
skip adder )
disp(Channel width=
6um’)

disp(Logic design style=
Dual pass-transistor logic
y)

count=count+1{;

end;

end;

%function vendelfs
[encrgy]=vendel fi(x);

if energy<{cencrgy-tetol),
if energy>(cenergy-ctol);
disp(' )

disp(' ")

eoergy
disp('Architecture=
Conditional sum adder )
disp(Channel width=
1.8um")

disp(Logic design style=
Fully static logic )
count=count+];

end;

end;

%function vende2fs



|energy]- vende2fs(x).

if energy< (cenergy-eol).
if nagy {cenargyv-atol).
disp(" )

disp(" )

mergy
disp(Architecture=
Condational sum adder )
disp("Channe width=
3.6um")

disp(Logic design tyle=
Fully static logic )

disp(" ")

count=count + 1;

end,

end;

*ofimction vande3fs
{eergy]=vonde3fi(x).

if encrgy<(cenergy +tol).
if nergy>(cenergy-aol):
dispC )

disp( ")

mergy

disp(" Architecture=
Conditional sum adder ")
disp('Chamnel width=
6um’)

disp(Logic design style=
Fully static logic )
count=count +1;

ad;

end;

Softnction vendeldm
(energy)=vendeldm(x).
if energy<(cenergy +etol);
if energy>{cenergy-etol),
disp(’ )

disp( )

energy

disp(" Architecture=
Conditional sum adder )
disp("Channel width=
1.8um")

disp(Logic design style=
Domino CMOS logic*)
count=count+1};

end,

end;

%fundlion vande2dm
[energy)=vande2dm(x);
if encrgy<(cenergy+ctol),
if enargy>(cmnergy-dol).
disp(" )

disp(' )

disp( Architecture=
Conditional sum adder )
disp(\Channel width=
3.6um’)

disp(Logic design style=
Dommo CMOS logic )
coun=cowrd+1;

end,

ad:

%ofimction vandeddm
|magy|—vmdc3dm(x)'.
if mergy<(canargy+etol),
if energy>(cenergy-ctol),
disp(")

disp(" )

energy

disp( Architeture
Conditional sum adder *)
disp{’Channel width-
6um”)

disp(Logic design style-
Domino CMOS togic )
oount=count+1;

end;

ad;

%function vendelcp
[energy]=vandel op(x).
if energy<(cenergy+«tol).
if energy>(cenergy-etol).
disp(")

disp(" )

anergy

disp( Architecture=
Conditional sum adder ')
disp('Channel width=
1.8um")

disp('Logic deslgm style=

%function vende2cp
[energy)=vende2ep(x).
if energy<(cenergy+dol).
if energy>(cenergy-etol);
disp( )

disp( )

amergy
disp(Architecture=
Cmdsmnal sum adder ")

end;

%fimction vande3cp
[energy]=vende3cp(x).
if energy<(cenergy+etol).
if energy>(cenergy-ctol);
disp(")

disp(' )

energy
disp(Architecture=
Conditional sum adder )
disp(‘Channe] width=
6um”)

disp(Logic design style=
Complementary pass-
trznsistor logic ")
count=count+1;

end;

end;

%function vende1dp
[energy]=vondeldp(x);
if energy<(cenergy+etol);
if energy>(cenergy-atol).
disp(" ")

disp( ")

enargy
disp( Architecture=
Conditional sum adder ")

disp(*Channel width
1.8um")

disp(Logic design style-

Dual pass-ransigtor logic

"

count~count + 1;

ond;

ad;

%function vande2dp
[energy)=vande2dp(x).

if mergy<(omergy+etol),

if energy >(omergyv-etol),

disp('?)

disp(' )

energy

disp(Architecture=

Condftional sum adder )

disp(‘Channel width~

3.6um")

disp(Logic design style=
Dual pass-transistor logic

g

count=count + |

end:

end:

%fundtion vende3dp
[energy]=vende3dp(x);
if energy<(cenergy +etol):
if energy ~(cenergy-atol).
disp(")

disp(*)

energy
disp(Architecture -
Conditional sum adder *)
disp(‘Channel width=
6um’)

disp("Logic design style=
Dual pass-transistor logic
)

count=count +1;

end;

end;

count;

ifoount==0,

disp(CAdder architeciure

with requiredenergy
consumption is not found.
Please relax tolerance’)
ad:



FUNCTION - P

This function is called in Appendix Al. 1t takes the adder design as input and calculates
the worst-case propagation delays of the given adder designs

function|delay}=p(x.b.c.
d),

db==1.

disp(Ripple carry adder
w

disp(

_

disp(” )

dfe==1,

disp(Fully static (MOS
logic design styk)
disp(*

)

dﬂﬂ‘ g
#d==1;

disp("")
[delay]=rcalfs(x)
caeif d==2,
[delay)=rca2fa(x)
claeif d==3;
[delay]=rca3fi(x)
clas,

(delay)=rcalfa(x)
[delay}=rea2fi(x)
{delay)=rca3fs(x)
end;

clacif c==2;
disp(Domino CMOS
logic design styk”)
displ ———————
—_

disp(')

wd=-1.

disp(")

[dehy]=rca 1dm{x)
claeif d==
[delay)=rca2dm(x)
eleeif d==3,
{delay]=rca3dm(x)
clae;
(delay)=rcaldmix)
[delay}=rea2dm(x)
[delay)=rca3dmx)
end;

clscif ¢==3;
disp(‘Complementary
p-.-tnns'mor logic
dexign style’)

dinp("

dispC*")
ifd==1;

digp(*
[delay}=rcalep(x)
clscaf d==2;
[delay)=rca2ep(x)
clsafd==3,
[delay)=real3cp(x)

clsc,
[delay)=rcalep(x)
{delay)=rca2ep(x)
[delay]=rca3ep(x)
end;

dscif c==4;

disp(Dual pass-
transistor logic design
styke)

disp(’

disp('")

ifd==1;

disp(" )
[delay}=rcaldp(x)
clocif d==2;
{delay)=rca2dp(x)
clocif d==3;
(delay}=rca3dp(x)
else;
[delay]=rcaldp(x)
[delay)=rea2dp(x)
[delay]=rca3dp(x)
eand;

clseif c==0;

disp(Fully static CMOS
logic design style)
disp(—————

)
disp(’")

ifd==1;

disp(*)
[delay)=realfa(x)
clseif d==2;
[delay]=rca2fie(x)
elseif d==3;
[delay]=rca3fs(x)
clac;
(delay]=rcalfs(x)
[delay]=rca2fi(x)
[delay]=rea3fi(x)
end;

ino CMOS

logic dexign style)

[delay)=rcaldm(x)
clacif d==2;
(delayl=rca2dm(x)
clscif d==3;
[delay)=rca3dm(x)
clsc;

{delay]=rcaldm(x)

[delay}=rcalcp(x)
elscif d==2,
(delay]=rea2cp(x)
clscif d==3;
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[delay)=rca3cp{x)
elsc;
[delay}=rcalep(x)
[delay]=rea2ep(x)
{delay}=rcal3cp(x)
ad;

disp(Dusl pass-
transistor logic design
style’)

disp("

disp(" ')

ifd==1;

disp(’ )
[dcl.lyd]‘n;ldp(x)
[delay}=rca2dp(x)
clacif d==3;
[delay}=rca3dp(x)
el

[delay}=rcaldp(x)
[delay}=rea2dp(x)
{delay)=rca3dp(x)
end;

end,

clseif b==2;
disp('Carry scloct adder
architecture’)

disp("

"

disp(' )

ife==1;

disp(Fully static CMOS

logic design style)
dlsp(‘—;—-————

disp()
ifd==1;
disp(")

disp(*")
(delay]=crl1fi(x)
elseif d==2;
[delay}=cri2fi(x)
clseif d==3;
[delay)=cri3fe(x)
else;

(delay}erl1itx)
[delay)=cri2fi(x)
[dehyFust(x)

elsuf c==2.
imo CNOS
logic design style”)

[delsy]=crildm(x)
elocif d==2;
[delay)=cri2dm(x)
clpeif d==3;
[delay]=cri3dm(x)

clsc;
[delay])=crildm(x)

(delay)=cri2dm(x)
(delay]=cri3dm(x)

clacif e

disp("")

dispC'")
(delay}=crilcp(x)
eleeif d==2;
(delay)=cri2ep(x)
elseif d==3;
[delay}=cri3ep(x)
clse;

[delay}=crlicp(x)
[delay}=ert2ep(x)
(delay]=crBep(x)
end;

clseif c==4;
disp(Dual pass-
transistor logic design
ﬁ_ylc')

dispf’

disp(' )

ifd==1;

disp(*")
[delay)=crildp(x)
clseif d==2;
[delay])=crl2dp(x)
eloeif d==3;
[delay)=cri3dp(x)
cloc;

(delay]=crildp(x)
[dclay}=cri2dp(x)
[delay}=eri3dp(x)
end;
elscif c==0;
disp(Fully static CMOS
logic design styke”)
disp(*

y)
dispC )
ifd==1;

disp('")
(delay)=crilfi(x)
scifd==2;
[delay}=cri2fi(x)
clacif d==3;
(delay)=eri3fi(x)
*.

{delay}=crll fa(x)
(delay)=cri2fa(x)
{delay]=crB3fulx)
end,

disp(Domino CMOS
logic design style)
AP e —
—)
disp(*")
if d==1;




disp(* ")
{delay )= cridm(x)
clacif d==2;
{delay)=cri2dm(x)
clseifd==3;
[del:yl=a‘l3dm(x)

ldel-yl=cdldrn(x)
[delay)=cri2dm(x)
[delay)=cri3dm(x)
and:

pam-transistor logic
design style))
disp("

disp(*)

fd==1;

disp(' )
(delay)=crilcp(x)
clacifd==2;
[delay)=erl2cpix)
clacifd==3;
[detay)=cri3cp(x)
clac,

{delay)=crllcpix)
(delay}-er2ep(x)
|delay}=crBep(x)
ad;

disp(Dual pass-

transistor logic design

styk’)

disp(

disp("’)

fd==1;

disp(’)

[dchchrlldp(x)
clacif d==2;

[delay)=cri2dp(x)

clscif d==3;

[dchyl'a-de(x)

[dtk!rl”w"dp(’t)

[detay]=cri2dp(x)
[delsy]=cri3dp(x)

(delay)=csk16(x)
elseif d==2;
(delay)=csk26:(x)
elaeif d==3;
{delay}=csk3fa(x)
clse,

(delay}=cak 1f(x)
(delay}=cek 2f(x)
[detay)=cak3fu(x)

[delay}=csk 1dm(x)
clacifd==2,
[delay)=csk2dm(x)
clacif d==3;
[delay]=csk3dm(x)
clse;

(delay}=csk 1dm(x)
[delay]=cak2dm(x)
[delay)=csk3dm(x)
end;

daaf c==3;

[delsy]=csk1cp(x)
clseif d==2;
(delay)=csk2cp(x)
clacif d==3,
[delay]=csk3cp(x)
elac,

{delay]=cak 1cp(x)
[delay]=csk2cp(x)
(detay)=csk3cp(x)
end;

elseif co=4;

disp(Dual pr
tranzistor logic design
style’)

disp(’

disp(" )

if d==1;

disp("")
[delay)=csk1dp(x)
elpeif d==2;
(delay}=csk2dp(x)
clecif d==3;
[delay}=csk3dp(x)
clse;

(delay)=csk 1dp(x)
{delay}=csk2dp(x)
L:li-yk@dﬁx)

clscif c==0;

disp(Fully static CMOS
logic dexign stylc))
dzq)('—-—-——-')
disp(*)

fd==1;

disp('")
(delay]~csk 1£x)

elcif d==2;
ldehyj‘“d‘ﬁ(s x)
[delay}=csk3fi(x)
clsc;

[delay}=cok 15(x)
[delayl=csk26i(x)
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[delay]=esk3fa(x)
ond;

disp(Domino CMOS
logic design style)

[delay]=csk 1dm(x)

clacif d==2;

(delay)=csk2dm(x)

clseif d==3;

(delay)=esk3dm{x)
clac,

[delay]=esk 1dmix)

[delay]=csi:2dm(x)
[dclaleeaUdm(x)

dup(‘Complmury
pass-transistor logic
design stylc’)

disp("

disp(’ )
ifd==1;

disp("")
(delay]=csk 1cp(x)

clseif d==2;
[delay)=cak2ep(x)

clocif d==3;
[delay)=cek3cp(x)
cb.

[delay]=cek 1cp(x)

[delay)=csk2ep(x)
(delay)=csk3cp(x)
end;

disp(Dual pass-
transistor logic design
stylc)

disp("

disp("")

fd==1;

disp(" )
[delay}=csk 1dp(x)
cleeif d==2;
[delay}=csk2dp(x)
elocif d==3;
[dcday}=csk3dp(x)
d“.

[delay}=csk1dp(x)

[delay]=csk2dp(x)
[delay)=csk3dp(x)

disp(Fully static CMOS
logic design styk)
digp(—————

]

disp")

ifd==1.
disp()
[delay}=clalfi(x)
csaf d==2;
(delay)=cla2fs(x)
claeif d==3;
[delay]=cla3fi(x)
&.

[delay}=clalfi(x)
{delay]=cla2fs(x)
[delay]=cla3fx(x)
end;

elseif ¢c==2;
disp(Domino CMOS
logic design stylc)

disp("")
[delay]=claldm(x)
clacif d==2;
(delay)=cla2dm(x)
clacif d==3;
[delay]=cla3dm{x)

clac;
{delayl=claldm(x)
(delay}=cla2dm(x)
[delay)=cla3dm(x)
end;

elacif e==3;

disp(‘Complementary
istor logic

design style’)

disp("

disp(")
ifd==1;

disp(")
{delay}=clalep(x)
clacif d==2;
[delay)=cla2ep(x)
clscif d==3;
[delay]=cla3ep(x)
clse;

[delay}=clalep(x)

[delay}=cla2ep(x)
{delay]=cla3cp(x)
end;

clacif c==4;

disp(’
(delay)=claldp(x)
elseif d==2;
[delay}=cla2dp(x)
elseif d==3;
{delay}=cla3dp(x)
Gh'

[delayl=claldp(x)
{delay]=cla2dp(x)
gii-y]wmdp(x)

clacif ¢==0;
disp(Fully static CMOS
logic design style")



disp("

disp(* )

dd-=1.

digp(* ")
[delay)=clalfs(x)
cacif d==2;
[delay]=cla2fi(x)
elaeif d==3;
[dehyl=ch3ﬁx)

L)

[dch) J=elalfi(x)
[delay]=clafi(x)
|dchy]=cm&(x)

dxq)('Domm CMOS
logic dexign style)

{delay}=clal dm(x)
clocif d==2;
(delay]=cla2dm(x)
clecif d==3;
(delay]=claddm(x)

clse,
[delay]=claldm(x)
[delay]=cla2dm(x)
[delay}=cla3dm(x)
end:

dup(Complaxuuu)
pam-transistor logic
design style')

disp("

disp(" )

ifd==1;

disp(")
[delay}=clalep(x)
clacif d==2;
[delay)=cla2ep(x)
clpeif d==3;
|dchyl=ch3c:p(x)

ldchy]-chl cp(x)
[delay]~cla2ep(x)
[delay)=cladep(x)
nd;

disp(Dual pass-
transistor logic design
stylc)

disp("

disp("")

ifd==1;

disp(' ")
(delay}=claldp(x)
clocif d==2;
(delay]=cla2dp(x)
clacif d==3;
|delay}=cla3dp(x)
clae,

{delay}=claldp(x)
[delay)=cla2dp(x)
[delsy}=cla3dp(x)
end,
end,

clscif b==5;
o Conditional mum
adder architecturc’)

disp(

disp(")

fe==1;

disp(Fully static CMOS
logic design style)
digp(t—————

7

]

disp(")

ifd==1;

disp(")

disp("")
[delay)=cnd1fx(x)
elseif d==2;
[delay)=cad2fs(x)
clacif d==3;
[delay}=cnd3fa(x)
clse;
[delay)=cad1fx)
[delayl=cad2falx)
[delay}=end3fa(x)
end;

cleeif c==2;
disp(Domino CMOS
logic design style’)
disp(*

-_—

disp(" )

ifd==1;

disp(’ )
[delay}=end1dm(x)

clacif d==2;
[delay}=end2dm(x)

elecif d==3;
[delay}=end3dmix)
clse;

[delay)=end 1dm(x)
{delay}=end2dm(x)
[delay]=cnd3dm(x)
end;

clscif ¢==3;
di.q)(Com?lm:mlny
pass-transistor logic
design style’)

disp(*

disp(*")

if ds=};

disp('")
{delay}=endlep(x)
clscif d==2;
(delay}=end2ep(x)
clocif d==3;
[ddlYFm‘Bq’(x)

ldﬁhyl“cndlep(x)

[delay)=end2cp(x)
(delay]=cnd3ep(x)
od;

elseif ¢c==4;
disp('Dual pass-
transistor logic design
styic)

disp("

disp(*)

ifd==1;

disp( )
(delay}=cnd1dpx)
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elaeif d==2;
[delay)=cnd2dp(x)

clacif ¢==3;
[delay}=cnd3dp(x)
clse;

{delay)=cnd1dp(x)
[delay]=end2dp(x)
[delay]=cnd3dp(x)
end;

elacif c==0;
disp(Fully static CMOS
logic design style)
disp(

9
disp(')
fd==1,

disp(" ")
[delay]=cnd 1 fi{x)
clscif d==2;
[delay)=cnd2fi(x)
clseif d==3;
[delay)=end3fi(x)
elsc;

(delay}=cad1fi(x)
{dclay]=cnd2fi(x)
[delay]—cnd.?fdx)

d:.q)('Dommo CMOS
logic design style’)
disp(*—————me

-

disp("")

ifd==1;

disp("*)
{delay]=end1dm(x)

clacif d==2;
(delay]=cnd2dm(x)
dacifd==3;
[delay]=cnd3dm{x)
clsc;
[delay)=cnd1dm{x)
{delay}=cnd2dm(x)
|dchy]=wd3dm(x)

dlq;(‘Cmnplanmw)
pams-transistor logic
design gtyle’)

disp(

disp(")
ifd==1;

i)

disp("")
[delay}=cnd1cp(x)
clacif d==2;
[delay)=cod2cp(x)
clacif d==3;
[delay)=cnd3cp(x)
clac;

[dolay}=endlcp(x)

(delay]=cnd2ep(x)
[delay]=cnd3cp(x)

[delay}=cnd1dp(x)

clseif d==2,
(delay)=cnd2dp(x)
clscif d==3;
[dehy]'—'cndde(x)

[delay] end1dpix)
[delay)=end2dp(x)
[delay}=cnd3dp(x)
end;

ond;

elscif b==0;
disp(Ripple carry adder
architecture’)

disp(’

—_

disp('")

ife==1;

disp(Fully static O\MOS
logic design style")

disp("")
ifd==1;
disp(*)

disp("")
[delay)=rcalfs(x)
elscif d==2;
[delay}=rca2fs(x)
clacif d==3;
[delay]=rca3fs(x)
cl”'

[delay)=realfix)
{delay]=rca2fix)
(delay}=rca3fi(x)
ond:

clacif c==2;
disp(Domino CMOS
logic design stylc"
disp(—————

—

disp(')
ifd==1;

disp("")

[delay)=rcaldm(x)

clocif d==2;

[delay)=Tca2dm(x)

claeif d==3;

[delxy}=rca3dm(x)
clse;

[delay)=rcaldm{x)
[dolay]=rca2dm(x)
(delay}=rea3dm(x)

[deday])=rcalep(x)
elscif d==2;
(delay}=realep(x)
clscif d==3;
[delay =readep(x)
clsc;
[delay)=realep(x)
[delay]=rca2cp(x)
[delay]=realep(x)
end;

clseif c==4



disp(Dual pass-

transistor logic design

style)
disp("
dispC)
fd==1;

disp(?)
[delay)=scaldp(x)
clacif d==2;
|delsy]=rca2dp(x)
claaifd==3;
[detay}-readdp(x)
clac,
{delay)=realdpix)
[delay]=rca2dp(x)
(delay)=rea3dp(x)
end;

elacif c==0;

disp(Fully static CMOS
logic design style')
disp(—

"

dispC)
fd==1,

disp(")
[delay)=rcalfi(x)
clecif d==2;
[delay)=rca2fi(x)
clacif d==3;
[delay}=rca3fi(x)
clac,

[delsy]=real fix)
[delay)=rea2fa(x)
|d=hy|=m3f=(x)

dup(‘Daumo CMOS

logjc dexign style')
disp("
—
dispC*)
ifd==1:

disp("’)
[dclay)=rcaldm(x)
clacif d=~2;
|delay)=rca2dm(x)
clseif d==3;
(delay]=rea3dmix)
cloe;

[detay)=rcaldm(x)
(delay)=rca2dm(x)
[delsy)=rca3dm(x)

dunt‘
(delay]=rcalep(x)
clacif d==2;
(delsy}=rea2ep(x)
clscif d==3;
[delay}=rcadep(x)
eloc,
[delay)=rcalep(x)
(delay}=rca2ep(x)
(delay}=rca3cp(x)
end;

disp(Dua) pass-
transistoc logic design
style)

disp(

disp(*")

fd==1;

disp(")
[delay]=rcaldp(x)
clacif d==2;
[delay]=rea2dp(x)
cloeif d==3;
[delay]=rca3dp(x)
clsc;

{delay]=rcaldp(x)

[dctay)=rea2dp(x)
[delay)=rca3dp(x)
ond;

nd;
disp(Carry scloct adder

[delay]=crilfa(x)
elacif d==2;
[delay]=cri2fi(x)
clseif d==3;
[delay}=cri3fa(x)
dﬂ'

[delay}=cril fi(x)
[delay)=cri2fi(x)
[delay)=cri3fi(x)
ond;

elocif c==2;
disp(Domino CMOS
logic design style')

[delay)=crl1dm(x)
clacif d==2;
[delay]=cri2dm(x)
clacif d==3;
[delay}=cri3dm(x)
clac,

{delay]=crlldm(x)
[delay]=cri2dm(x)
(delay)=cri3dm(x)
ad;

clacif ¢==3;
dxq;(‘Canplmmluy
pam-transistor logic
design stylc)

disp(:

disp("")

ifd==1;

disp(* ")
l&w‘}jd;#x)
[delay]=cri2ep(x)
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elscif d==3;
(delay])=cri3cp(x)
cloe;

[delay]=crllcp(x)
[delsy]=cri2cp(x)
[delay)=cri3cp(x)
od;

elscif c==4
disp(Dual pass-
transisior logic design
stylc')

disp("

disp(' ")

ifd==1.

disp(")
[delay)=crildp(x)
elarif d==2;
[Selay]=cri2dp(x)
clocif ¢==3;
[delay)=cri3dp(x)
cloe,

[delay]=celldp(x)

[delay)=crl2dp(x)
[delay)=cri3dp(x)
end;

clacif ¢3=0;

disp(Fully static CMOS
logic design style”)
disp("

Y

disp(" )
ifd==1;

disp("")
[delay)=crl1fa(x)
claeif d==2;
[delay)=cri2f(x)
claeif 3==3,
[delay}=cri3fe(x)
*.

(delay]=erd1fi(x)
[delay}=cri2fa(x)
eyt

dup('Dommo CMOS
logic design styke)

{delay)=crildm(x)
clscif d==2;
[delay}=cri2dm(x)
clacif d==3;
[clay)=cri3dm(x)
clsc,

[dclsy}=cril dm(x)
{delay]=cri2dm(x)
[delay}=cri3dm(x)
end;

pams-transistor logic
design style)

disp(’
disp('")
ifd==1;

disp(")
(delay}erllcp(x)
eleeif d==2;
(delay}-eri2ep(x)
elseif d==3,

k)

[delay]=cri3ep(x)
clo
(delay]=crllep(x)
(delay}-cri2ep(x)
(delay]=criBep(x)
ond;

disp(Dual pam-
transistor logic design
styk”)

disp(*

disp( )

ifd==1.

disp(’ )
[delay]=crildp(x)
clocif d==2;
{delay]=cri2dp(x)
clacif d==3;
[delay]=eri3dp(x)

elss,
[delay)=crildp(x)
(delay]>cri2dp(x)
{delay)=cri3dp(x)
end;

and;
disp(‘Canry skip adder
architecture’)

disp(Fully static CMOS

logic design style)
d.spc—-—',——

disp("")

ifd==1;

disp('")

disp(*")
[delay)=csk1£xx)
elacifd==2;
[delay}=csk2fi(x)
elscif d==3;
(delay)-csk3fx(x)

else;
{delay)=csk 16(x)
[delay}=cak2f(x)
[delay}=cak36(x)
end,
dsaf e==2,;

ino CMOS
logic dezign style’)
disp(—————
—_—)
disp(' )
ifd==1;
disp(' )
(delay)=csk1dm(x)
elecif d==2;
{delay]=csk2dm(x)
clecif d==3;
(Selay}=csk3dnyx)

eloc;

[delay}=csk 1dmx)
[delay]=csk2dm(x)
[delay)=csk3dm(x)



dusp(”

disp(')

fd==1;

disp(*)
[delay}=csk 1cp(x)
elscif d==2;
[delay)=esk2ep(x)
clacif d==3;
[delay)=csk3ep(x)
clac,

{delxy)=csk Iep(x)
{delay]=csk2ep(x)
(delay)=csk3ep(x)
and:

clscif c==4;
disp(Dual pass-
transisios logic design
style’)

disp(

digp(" ")

fd==1,

disp("")
{delay)=cek 1dp(x)
clacif d==2;
[delay)=esk2dp(x)
clgcif d==3;
(delay)=csk3dp(x)

clse,
[delay]=esk 1dp(x)
[delay)=csk2dp(x)
[delay]=esk3dp(x)
end;

decif c==0;

disp(Fully static CMOS
logic design style’)
digp(————

N
disp(")
fd==1;

disp(*)
(delay)=cek 16(x)
clscif d==2;
(delay)-cek26x)
clacif d=
(dcllﬂ"ddﬁ(x)

(dcl.ly] =cak 16(x)
{delay]=cek 26(x)
[delay)=cek3fa(x)
ad;

i ino CMOS

logic design style’)
digp(————

—

dispC )
fd==1;

disp()

[delay}=cak 1dm(x)
clacif d==2;
[delsy}=cek2dm(x)
cloeif d==3;
[delay}=csk3dm(x)
cisc,

[delay}=csk 1dm(x)
(delay}=cak2dm(x)
[delay}=cek3dm(x)

end;

i lamentary
! sor log

design style’)

dispC

disp('")

fd==1;

disp(")
(delay}=cek 1ep(x)
elscif d==2;
(delay}=cak2cp(x)

clacif d==3;
[delay}=csk3cp(x)
clss,

[delay)=csk Icp(x)
(delay}=csk2cp(x)
ld=1'Yl"°dﬂ3qu)

d.q)(‘DuaI pass-
transistor logic design

disp(

disp(")

fd==1,

disp(')
[delay]=cek 1dp(x)
clscif d==2;
[delay])~csk2dp(x)
elscif d==3;
(delay]=cek3dp(x)
else;

[delay)=csk 1dp(x)

(delay}=csk2dp(x)
[delay}=csk3dp(x)

ife==1;

disp(Fully static CMOS
logic design style)

disp(

disp(*)
fd==1;
disp(')

disp(")
(delay)=clalfs(x)
elscif d==2,
[delay]=cla2fi(x)
clscif d==3;
{delay)=cla3fi(x)
&-

(delay}=clalfo(x)
[delay)=cla2fs(x)
(delayl=cla3si(x)

"

[delay]=claldm{x)
clacif d==2;
{delsy]=cla2dm(x)
clocif d==3;
[delay]=cla3dm(x)
else;
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(delay]=claldm(x)

(delay}=cla2dm(x)
[delay}=cla3dm(x)
end;

clacif c==3;
disp(‘Complamentary
pass-transistor logic
design style')
disp("

disp(" )

ifd==1;

disp(’ )
{delay]=clalcp(x)
clscif d==2;
[delay]=claZep(x)
clscif d==3,
[delay]=cla3cp(x)
clse,

(delay}=clalcp(x)
{delay]=cla2ep(x)
[delay)=cla3cp(x)
end;

clocif c==4;
disp(Dual pass- )
transistor logic design
atyk)

disp(

disp(*")

ifd==1;

disp(*")
{delay)=claldp(x)
clacif d==2,
(delay]=cla2dpix)
elseif d==3;
(delay]=cla3dp(x)
clse;
[delay)=claldp(x)
[delay)=cla2dp(x)
[delay]=cla3dp(x)
end;

elscif c==0;

disp(Fully static CMOS

logic design styke)
dup(‘———-—')

disp('’)

ifd==1;

disp(')
[delay}=clalfx)
elscif d==2,
(delay)=cla26s(x)
elscif d==3;
[delay}=cladfix)
clse;

[delay)=clalfa(x)
[delay]=cla2fi(x)
[dehy]—cuss(x)

dmp('Domm CMOS
logic design style))

disp(
—_
disp(' )
ifd==1;

disp( )
[delay}=claldm(x)
cleeif d==2;
|dehyg-ch2dm(x)
[delay}=cla3dm(x)

elac,
(delay)=claldm(x)
{delay]=cla2dm(x)
[delay}=cla3dm(x)
end;

disp('Complementary
pass-transistor logic
design style)

disp(

disp(*)

ifd==1;

disp(*")
[delay)=clalcp(x)
clscif d==2;
[delay)=cla2ep(x)
cloeif d==3;
[delay)=cla3ep(x)
clsc;

(delay}=clalcp(x)
[delay]=cla2ep(x)
[detay]}=cla3cp(x)
end;

disp(Dual pa=m-
transistor logic design
style)

disp(*

disp('")

ifd==1
disp("*
[delay)=claldp(x)
elseif d==2;
(delay)=cla2dp(x)
clocif d==3;
{delay}=cla3dp(x)
clse;

[delay)=claldp(x)
{delay}=cla2dp(x)
[delay]=cla3dp(x)
ond:

end;
adder architecture’)
disp(

)
disp("")
ifc==1;
disp(Fully static OMOS
logic design style)
disp(*

]
disp(*")
fd==1;
disp(")

disp(")
[dehy]-mdlﬁ'(x)
elscif d==2;
[dchy]=u\d2&(x)
elaeif d==3;
{delay)=cnd3fi(x)
&.

(delay}=cnd1f(x)
[delayl=cnd2fi(x)
[delay}=cnd3fu(x)
end;

claeif c==2;
disp(Domino CMOS
logic design style)




disp(*’)
|delay)=cnd 1dm(x)
claeif d==2,
[delay]=end2dm(x)
clsafd==3,
[delay]-cnd3dm(x)
clac,

[dclay}=end1dmix)
[delay)=end2dm(x)
[delay}=cnd3dm(x)
end;

ds:!c“S

disp(*")
dd==1;

disp(")
[delay)=cnd1cp(x)
clacif d==2;
{delxy]=cad2cp(x)
clocif d==3;
[delay]=cnd3ep(x)
clac,

|delay)=cnd1ep(x)

[delay)=end2cp{x)

[delay]=cod3ep(x)
and;

clacif c==4;

EUNCTION ‘EP"

disp(jl)ulpas-
transistor logic design
style')

disp”

de(")

ifd==

disp(')
[delay]=cad 1 dp(x)
clacif d==2;
[delay)=cnd2dp(x)
clacif d==3;
(delay]=cnd3dp(x)
clac;
[delsy}=cnd1dp(x)
[delay}=end2dp(x)
:ed'hylneudsdp(x)

cleeif c==0;

disp(Fully static CMOS
logic design stylc)
disp(——————

p)
disp('")

if d==1;

disp(" )
[delay)=cad1fa(x)
clscif d==2;
{delay]=cad2fi(x)
clacif d==3;
[delay}=cnd3f(x)

clsc,

[delay]=end1fs(x)
[delay)=cnd2fi(x)
[dchy]=md3fdx)

dlsp(‘Dommo CMOS
logic design stvle)

[delay)}=end1dm(x)
clocif d==2;
(delay}=end2dm(x)
cloeif d==3;
(declay}=cnd3dm(x)
clae;
{delay)=cnd1dm(x)

[delay)=cnd2dm(x)
[delay)=end3dm(x)
end;

[delay]=cnd1cp(x)

clseif d==2;
[delay)=end2cp(x)
clacif d==3;
[delay]=end3cp(x)
clac;

{delay]=cnd1ep(x)

[delay}=cad2epix)
ldcl-l)'l“mﬁq)(m

dxq)('Dul pass-
transistor logic design
stykc)

disp(*

disp("")

fd==1,

disp(' )
{delay]=cnd 1dp(x)
clacif d==2;
[delay]=cnd2dp(x)
clacif d==3;
(delay]=cnd3dp(x)
clse;

[delay)=cnd 1dp(x)
[delay]=cnd2dp(x)
[delay}=cnd3dp(x)
end;

end;

end;

This function is called in Appendix A1. It takes the adder design as input and calculates
the energy consumption per addition for the given adder

function{enargy)=ep(x.b

d).
ifb==1:
dim(Rople cary sddr

disp(* )
|encrgy)=reacl f5(x)
clocif d==2,
[enargyl=reac2fi(x)
clseif d==3;
[encrgy)=reac3fs(x)
elsc;

|energy)=reae]fi(x)
[enargy}ereac2fi(x)
[energy)=reac3fs(x)
end,
clsuf e==2;

mo CMOS
Jogic design style)
disp("
disp(" ")
fd==1,

!

disp(")
[cnergy}=reacldm(x)
clacif d==2;
(cnergy)=reac2dmi(x)
clecif d==3;
{coergy]=rcac3dm(x)
clsc;
[enargy)=reacldm(x)
(cocrgy}=reac2dm(x)
[coergy)=rcac3dm(x)
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disp(Dual pas-
transistor logic design
styke’)

disp(* ]
ifd==1,

disp(")
[encrgy}=reac1épix)
clscif d=

[energy)=rcac3dp(x)
clac;
{energy)=reacldp(x)
(cnergy|=rcac2dp(x)
{coargy)=rcac3dp(x)
end,

clacif ¢==0;

disp(Fully static CMOS

logic design styk”)
disp(—m———")
disp(")

ifd==1

disp("")
[energy)=reac]fs(x)
cleeif d==2;
[encrgy)=rcac2fs(x)
elacif d==3;
[encrgy]=rcac3fs(x)
cloe;

[cnergy)=rcaclfi(x)

[energy]=reac28(x)

[cacrgy])=reac3fi(x)

end;

disp(Domino CMOS
lopc design style’)

dn‘p(‘ )

ifd==1;

disp(*")
[energy)=rcaeldm(x)
elseif d==2;
[encrgy)=reac2dm(x)
elseif d==3;
[energy]=reac3dm(x)
clse;
[energy]=rcac1dm(x)
[energy)=Tcac2dm(x)
[mﬂgy}nnuS&n(x)

dn.q)(‘Canplammty
pass-transistor logic
design style’)

disp(

disp(")

ifd==1,

disp('")
[magy]ﬂn:ulcp(x)
clgeif

7

v)

[encrgy]=reac2ep(x)



caafd==3,
|energy]=reac3ep(x)
clacy

(cnergy]=reaclop(x)
[encrgy}=reac2cp(x)
[enargy}=reac3cp(x)
end;

disp(Dual pass-
transistor logic design
gyl
disp(*————— ")
disp(')

fd==1,

disp(*)
(energy]=reacldp(x)
clacif d==2;
lenargy)=reac2dp(x)
clscif d==3;
[energy)=reac3dp(x)
clac,

(enargy)=reac] dp(x)
[energy}=reac2dp(x)
(encrgy]=reac3dp(x)

disp(Fully static OMOS
logic dexign style)
digp(" e )
disp(*)

fd==1

disp(*")

disp("")
[energy]=crlelfa(x)
deafd==2,
(encrgy]=crie2fa(x)
elocif d==3,
(enargy )= erle3fi(x)
cloe,

[encrgy)=caric fa(x)
|energyl=crie2fu(x)
[cocrgyl=arie3fa(x)
od;

elacif c==2;

i ino CMOS
logic design stylc’)
disgp((
disp("")
dd==1;

b

dispC' )
[energy)=criel dm(x)
clacif d==2;
[energy}=eric2dm(x)
clacif d==3;
[energy}=crie3dm(x)
clse;

{coargy)=crlel dm(x)
[coergy l=aric2dmix)
[enagyl=crke3dm(x)

elscif c==3;

disp(*")
[encrgy]=erlelep(x)
clacifd==2;
[cncrgy)=erke2op(x)
clacif d==3;
[energy)=crle3cp(x)
clac;

[enargy]=arlelep(x)

{encxrgy)=crie2cp(x)
[energy}=erie3ep(x)
end;

clacif c==4;
disp(Dual pase-
transistor logic design
style')

disp(

disp("")

ifd==1;

disp(' )
[cncray)=erleldp(x)
clseif d==2;
(energyl=crlc2dp(x)
clacif d==3;
[coagyl=arle3dp(x)
cloe;

(cacrgy}cricldp(x)
(cnergy}=crie2dp(x)
L;Txvl"crk-?dp(x)

clocif c==0;
disp(Fully static CMOS
loglc design style’)

dﬂP(")
#d==1;

i)

9

disp(' )
[magy]-alcll'dx)
[encrgy}—ulezfa(x)
elscif d==3;
[encrgy]=crie3filx)
eloes

[energy)=criclfi{(x)
(cncrgy)=cric2fi(x)
IW] =cric3fi(x)

dxqa('Dommo CMOS
logic design style’)
disp{—————"
disp(' ")

fd==1,

disp(" )
(cnergy)=criedm(x)
elocif d==2;
{coargy}=crlc2dm(x)
clacif d==3;
(encrgy]=cric3dm(x)

clac,

[encrgy}=aricl dm(x)
{energy}=aric2dm(x)
L‘d;enerylwle:idm(x)

disp(‘Complementary
pass-transzistor logic
duw style)

dw(‘ )

ifd==1,;

disp( n
[cocrgy]=criclep(x)
clocif d==2;

[encrgy}=crie2cp(x)
claeif d==3;
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[energy]=erlelepix)
clac;

(energy]=crlelep(x)
[energy)=cric2ep(x)
[mag)] crle3ep(x)

dup('Dual pass-
transistor logic design
style’)
disp('——————--1
disp(’")

ifd==1.

disp(*')
(cocrgy]=arledpix)
elacif d==2;
[encrgy)=crle2dp(x)
clacif d==3;
[energy)=erle3dp(x)
clsc;

[encrgy)=crieldp(x)
(energy]=cric2dp(x)
[encrgyl=crle3dp(x)
end;

end;

elacif b==3;
disp(‘Carvy skip adder
architecture)

disp(————"
disp(* )

ife==1;

disp(Fully static CMOS
logic design style)
dip(—————

disp(')
ifd==1;

disp(' )

disp('")
[enargy)=cskelfs(x)
clacif d==2;
[cnargy)=eske2fs(x)
clscif d==3;
{energy)=cske3fi(x)
clsc,

[cnergy)=cak 1£x(x)
[energy)=csk2fi(x)
[energy)=cak3fa(x)
end,

]

clseif c==2,
disp(Domino CMOS
logic design style)
disp(————")
disp(' )
ifd==1;
disp(" )
(enargy]=cskeldmix)
clacif d==2;
(cncrgy)=cake2dm(x)
elscif d==3;
{energy}=cske3dm(x)

clse;
[energy]=cskeldm{x)
[energy)=cske2dm(x)
[cncrgy}=cake3dmix)
od;

clscif e==3;
disp(Complementary
pam-transistor logic
dezign style!)
digp{————
disp(’ )

ifd==1:

disp('")
(energy]=cskelep(x)

i)

dispC')

elacifd==2;
[encrgy]=cake2ep(x)
elscif d==3;
[cnargy]=cskedcp(x)
clsc;
[energy)=cskelep(x)
[energy|=cske2ep(x)
[encrgy]=cske3cp(x)
end;

clseif c==4;
disp(Dual pass-
transistor logic design
k)

dispd"

disp('")

fd==1;

disp(*")
[encrgy]=cekeldp(x)
elscif d==2;

(encrgy]=cake2dp(x)
clacif d==3,
(coergy]=cske3dp(x)
eloc;
[energy)=cskeldp(x)
[energy]=cske2dp(x)
(energy}=cskeddp(x)
end;

elscif c==0;

disp(Fully static CMOS
logic design stylke)

L e ————
i)

!

ifd==1;

disp(")
(enargy]=cskel f(x)
clscif d==2;
[encrgy)=cake2fs(x)
elacif d==3;
[energy)=cskedfi(x)
elsc;

{energy)=cakel fi{x)
[energy]=ceke2fi(x)
(cocrgy)=eske3fi(x)
ad;

disp(Domino CMOS
logic design style)
disp(" b
disp(*)

ifd==1;

disp('")
(energy}=cakeldmi(x)
clacif d==2;
[energy)=cake2dm(x)
clseif d==3;
lmsvlmkédm(x)

[enegy]ﬂukeldm(x)
[coergy)=cske2dm(x)
[muuy]ﬂeakcsdm(x)

dqa(‘Complmm-y
pas_;-tnmmlnr logic
design stylc)

a'.'; (

disp(' )

if d==1;

v)

disp(' )
{cocrgy]=cakelep(x)
elacif d==2;
{cnargy]=cske2ep(x)
clscif d==3;
(energy]=cske3cp(x)



clsc,
[energy|=cskelep(x)
|encrgy]=cske2ep(x)
[energy]=cske3ep(x)
ad.

disp('Dual pass-
transistor logic design
ayle’)

disp( e )
disp(* )

ifd==1;

disp(")
[encrgy)=cekeldp(x)
clacif d==2;
{energy}=cske2dp(x)
clacif d==3;
{encrgy)=cake3dp(x)
clse,
[energy)=cske1dp(x)
|encrgy)=cske2dp(x)
{encrgy)=cskeldp(x)
end.

end.

clseif b==4;
dispCarry look ahead
adder architechure’)
disp("

—_—")

disp(" )

if e==1;

disp(Fully static CMOS
logic design style’)
disp(———————)
disp(" ")

ifd==1

disp("")

disp(” ")
[energy)=clac]fs(x)
clscif d==2;
(encrgy]=clac2fa(x)
elscif d==3;
[encrgy}=clac3fs(x)
clse;
{energy)=clac]fs(x)
[encrgy)=clac2fs{x)
[energy}=clac3fs(x)
end;
clseif e==2,
disp(Domino CMOS
logic design style)
disp("——emrm——-")
disp( ")
ifd==1:
disp(* )
[energy)=clac1dm(x)
clscif d==2,
[energy}=clac2dm(x)
clacif d==3;
[encrgy)=clac3dm(x)
clse;
(energy)=clac1dm(x)
|energy)=clac2dm(x)
[encrgy]=clae3dm(x)
end;

eleeif ¢==3;
disp('Complementary
pass-transisior logic
design style?)

di -)
disp(" )

if d==1;

disp("")
[encrgy]=claclcp(x)

elscif d==2;
{energy]=clac2ep(x)
clseif d==3;
[encrgy]=clac3cp(x)
elsc;
[energy)=claclcp(x)
[energy)=clac2ep(x)
[energyj=clac3cp(x)
end;

elaeif c==4;
disp(Dual pass-
transistor logic design
style’)
disp{——————")
disp(" ")

if d==1;

disp('")
[energy)=clacldp(x)
eleeif d==2;
{energy]=clac2dp(x)
clacif d==3;
{energy]=clac3dp(x)
clse;

[encrgy]=clac1dp(x)
[energy)=clac2dp(x)
[encrgy)=clac3dp(x)

elnc.if c==0;

disp(Fully etatic CMOS
logic design style")
digp(nn—— )
digp(" )

if d==1;

disp(")
{encrgy]=clacifs{x)
eleeif d==2;
[energy)=clac2fs(x)
elseif d==3;
[encrgy]=clac3fs(x)
else;
(encrgy)=clac1fs(x)
[energy)=clac2fi(x)
[encrgy]=clac3fs(x)

end;

disp(Domino CMOS
logic design style)
disp("
disp(" ")

if d==1;

disp('")
{eoergy|=clacldm(x)

cloeif d==2;
[energy)=clac2dm(x)
clscif d==3;
[energy)=clac3dm(x)
¢ise;
[encrgy]=clacldm(x)
[energy)=clac2dm(x)
{:‘fray}"claelidm(x)

disp(Complementary
pass-transistor logic
design style’)

L e
disp(')

if d==1;

)

disp( )
{energy]=claclep(x)
eleif d=—2;
[coergy]=clac2ep(x)
elscif d==3;
{encrgy]=clac3cp(x)
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clse;
[encrgy|=clae lep(x)
[energy]=clac2cp(x)
[encrgy]=clac3cp(x)
m.

disp('Dual pass-
transistor logic design
style?
disp('~—————")
disp(’ )
if d==1;
disp( 1)
[encrgy)=clac1dp(x)
cleeif d==2;
{energy)=clac2dp(x)
clseif d==3;
[energy}=clac3dp(x)
else;
(energy]=clac1dp(x)
[energy)=clac2dp(x)
[energy]=clac3dp(x)
end;
end;
elscif be=5;
disp(‘Conditional sum
adder architecture’)
disp('~—————-")
disp("")
if e==1;
disp(Fully static CMOS
logic design style')
disp(——————7)
disp("*)
if d== :
disp(* )
disp(")
[encrgy)=cndefa(x)
cleeif d==2;
[encrgy)=cnde2f(x)
elseif d==3;
[energy]l=cnde3fx(x)
else;
|energy)=endelfs(x)
[energy)=cnde2fulx)
[energy)=ende3fs(x)
“.

clseif ¢==2;
disp(Domino CMOS
logic design style")
disp( ]
disp(' ")
if d==1;
disp(* )
[energy)=cndcldm(x)
elseif d==2;
[energy)=ende2dm(x)
elscif d==3;
[energy]=cnde3dm(x)
clse;
[energy)=endcldm(x)
(encrgy)=endc2dmix)
[energy)=ende3dm(x)
end;
clscif e==3;
disp(‘Complementary
pass-transistor logic
design style)
disp(’ o)
disp(* ")
if d==1;

disp(" ")
[energyl=cndelcp(x)
cloeif d==2,

[energy)-ende2ep(x)
clscif d==3;
[energy|=ende3ep(x)
eloe;
[energy}=endelep(x)
{energy]=endc2cp(x)
[;:ctgy]r-mdcscp(x)

elseif e==4;
disp(Dual pass-
transistor logic design
style’)

disp(
disp('")
ifd==1;

disp(' ")
[energy]=cndeldp(x)
clseif d==2;
[encrgy)=ende2dp(x)
clseif d==3;
{energy)=cnde3dp(x)
clse;
[energy)=cnde1dp(x)

[encrgy]=ende2dp(x)
[energy}=cnde3dp(x)
ﬂ\d'

——-)

elscif ¢==0;
disp(TFully static CMOS
logic design stylc")
digp(' e )
disp(" ")

if d==1;

disp(')
[energy]=cnde1fs(x)
clseif d==2;
(energy)=cnde2fs(x)
clseif d==3;
[energy]=ende3fa(x)
clse;
[energy]=cndelfs(x)
[energy)=cnde2fs(x)
{energy)=cnde3fa(x)

end;

disp(Domino CMOS
logic design style')
di

disp( ")

if d==1;

disp( )
(energy)=cndeldm(x)
elseif d==2;
[encrgy)=ende2dm(x)
elseif d==3;
[energy)=cnde3dm(x)
else:
{encrgy)=endeldm(x)
[encrgy)=cnde2dm(x)
[energyl=cnde3dm(x)

end;
disp(‘Complementary
pase-transistor logic
design style)

disp(®
disp("' )

if d== R
disp(* )
[energy)=endelcp(x)
elscif d==2;
[energyl=cnde2ep(x)
eloeif d==3;
[energy}=cnde3cp(x)
else;

-



|encrgy | - cnde lop(x) clacifd==3, |energy| = reae3ep(x) [energy)= erledep(x)
|encrgy)- cnde2cp(x) (cnergy)=reac3cp(x) end; clsc;
|enargy)=cnde3ep(x) cloc, disp(Dual pass- [energy)=crielcp(x)
od: {cnargy]=reaclcp(x) transistor logic design [enargy)=arle2epix)
disp(Dual pass- {energy}=reac2ep(x) style’) |energy)=crle3ep(x)
tanastor logic design {encegyl=reac3cp(x) disp((——————— ) end:

styke’) end; disp(*’) clscifc==4;
digp(’m————— ) elocif c==4 ifd==1; disp(Dual pass-
disp("’) disp(Dual pass- disp("") transistor logic design
dd==1], transistor logic design [energy)=rcac)dp(x) style’)

disp("’) style’) elacif d==2; disp(" ]
[encrgy) ende1dpix) disp( ) [energy}=reac2dp(x) disp(")

clseif d==2; disp(*) ifd==1;
[energy)=ende2dp(x) fd==1; eleeif d==3; disp(" ")

cloeif d==3; disp(*") {energy)=rcae3dp(x) [energy)=erleldp(x)
[energy)=ende3dp(x) [enargyl=reacldp(x) elec, elsaif d==2,

clae, clacif d==2; [energy)=reac1dp(x) [energy]=crie2dp(x)
[encrgy)=cndeldp(x) [energy]=recac2dp(x) [energy]=rcac2dp(x) elseif d==3;
[encrgy)=cnde2dp(x) clseif d==3; (energy]=rcae3dp(x) [enargy]=crle3dp(x)
[enargy)=ende3dp(x) (coargy)=rcac3dp(x) end; cloey

ond; elec; and; [encrgy]=crleldp(x)
od, [energy]=reactdp(x) disp(‘Carry select adder [energy}=crie2dp(x)
elseif b==0; [energy)=rcac2dp(x) architecture’) [energy)=crle3dp(x)
disp(Ripple carry adder [cnergy)=reac3dp(x) dizp( ) end;

architecture’) end; disp(*") eloeif c==0;
digp("————— ) clscif c==0; ife==1; disp(Fully static CMOS
disp(*") disp(Fully static CMOS disp(Fully static CMOS logic design style)
fe==1; logic design stylc) logic design style) digp(’ ")
disp(Fully static CMOS digp(————— ) digp(l——— ") disp(' ")

logic design style) disp(") dispC ") ifd==1;
digp(————?) ifd==1; ifd==1; disp(*')

disp(*") disp(*) dispC') (enargyl=crlel f(x)
ifd==1; [energy)}=react f5{x) disp("*) elscif d==2;

disp(* ) elseif d==2; [energy)=criel f(x) [encrgy)=arle2fs(x)
disp("’) [encrgy)=reac2fa(x) clacif d==2, clseif d==3;
[encrgy)=reacl fi{x) elseif d==3; [energy]=crie2fe(x) [energy)=crie3fa(x)

clsafd==2; [encrgy]=reac3fi(x) elseif d==3; clse;

[encrgy )= reac2fs(x) clse; (encrgy)=crie3fa(x) [encrgy]=crielfs(x)

dscif d==3; [cnergy)=reaclfi(x) clsc, (energy)=crlc2f(x)
[energy)=reac3fa(x) |energy]=reac2fi{x) [energyl=crie] fi(x) [energy)=crle3fi(x)

elac, [cnargy)=reac3fi(x) (cnergyl=crie2fi(x) od;

[cncrgy)=reacifi(x) end; [encrgy)=crie3fs(x) ino CMOS

[energy)=reac2fa{x) disp(Domino CMOS end; logic design style)

[energy)=rcac3fi(x) logic design sty dcifc==2; disp(' ————-1)

end; digp( e ) disp('Domino CMOS disp(" )

elacif c==2; disp(* ) logic design stylkc) ifd==1;

digp('Domino CMOS ifd==1; disp(" disp(’")

logic dexign styke) disp(") — [cnergy|=crke 1dm(x)

digp(' ) (cacrgy)=reacldm(x) disp(*) clscif d==2;

disp(" " clocif d==2; ifd==1; [cnggy]ﬂclddm(x)

dd==1; [energy]=reac2dm(x) disp("") clacif d==3;

disp(*") claeif d==3; [energy}=crloldm(x) [energy]=erle3dm(x)

[energyl=rcacldom(x) {energy}=reac3dm(x) elscif d==2; clse;

dscif d==2; clog; {encrgy)=cric2dm(x) [energy)=cricldm(x)

[cnergy]=reac2dm(x) [encrgy)=reacldm(x) clscif d==3; {energy)=crlc2dm(x)

clscif d==3; [cnergy}ereac2dmix) {cnergy}=erie3dm(x) [coargy]=crie3dm(x)

[cnergy}=rcac3dm(x) {energy)=reac3dm(x) clsc; od,

clec, ond: [cnergy)=cricl dm(x) disp(Complementary
{encrgy)=rcac1dm(x) disp(‘Complcmentary [enargy)=crle2dm(x) pass-transistor logic
[enargy]=reac2dm(x) pam-transistor logic [energy)=crle3dm(x) design stylc)
[energy)=reac3dm(x) design style’) end; disp(" "
end; dispC dscif e==3; disp('")

elseif c==3; disp('") disp(‘Complementary ifd==];
disp('Complementary ifde=l, pass-transistor logic disp(")
pamtransisior logic disp(') design style) (energyl=crlelept)
design style’) [energy)=reselcp(x) disp( )] elseif d==2;

disp(" % elseif d==2; disp(' ") [enexgy)=crie2ep(x)
disp(’") [energy}=rcac2cp(x) ifd==1;

#d==1, dﬂ'fd’=3‘. dl@(") elseif d==3;

disp(" ) [energy)=reae3cp(x) (cnergy=criclep(x) [energy)=crie3ep(x)
{energyl=reaclep(x) clse, clecif d==2; 3

elseif d==2; [energy)=reaclcp(x) [en?gy]=crlc2q:(x) [encrgy)=criclep(x)
{energy=reae2ep(x) {encrgy]=reac2cp(x) elecifd==3; {energy]=crie2ep(x)
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[energy)-crle3epix)
end:

disp(Dual pass-
transistor logic design
style’)

disp(
disp(" ")
ifjd“l'.

)

disp( )
[cnergy)=ericl dp(x)
elacif d==2;
{energy )= cric2dp(x)
clscif d==3;
{encrgy|=erbe3dp(x)
elsc,

(coargy}=crleldp(x)
[energy}=cric2dp(x)
(enargy]=crie3dp(x)
ond;

end;
dup(‘(‘zr)d:padda
architecture’)
disp(——————)
disp(' )

ife==1;

disp(Fully static CMOS

logic design style)
disp('———————)
disp(" )

fd=<=1;

disp(" )

disp(*)
[energy)=cakel f{x)
clscif d==2;
(encrgy]= cake2fu(x)
clacif d==3;
[cnargy)=cake3fs(x)
cisc,

[encrgy)=ceke1fa(x)
{enargy)=cake2fs(x)
[encrgy}=cske3falx)
and:

dscif c==2;
disp(Domino CMOS
lqgic design stylc’)
digpg—————— )
disp("*)
fd==1,;

disp("")
[energy)=cskeldm(x)
clecif d==2;
[enargy)=cake2dm(x)
elscif d==3;
[energy}=cake3dm(x)
clae,

[enargy)=cskeldm(x)
[encrgy)=cake2dm(x)
!::xvl'dddm(x)

clacif ¢==3,
disp(Complementary
wlogic
design style)

disp(

disp(")

fd==1:

disp(' )
{encrgy]=cakelepix)
clscif d=2;
[encrgy)=cske2ep(x)
clscif d==3;
{encrgy)=cske3ep(x)
clsc,

|energy]=cskelep(x)
(enargy)=cske2ep(x)
(enargy=cake3cp(x)
ad;

clscif c==4;
disp(Dual pass-
transistoc logic design
3}"")
disp("
disp(*")
if'd”=l‘_

)

disp(' ")
[coargy]=cskeldp(x)
clocif d==2;
[enargy)=cske2dp(x)
clscif d==3;
(encrgy)=cake3dp(x)
clsc;
{enargyj=cskel dp(x)
{energy)=cske2dp(x)
L;-:xyFawdv(x)

eloeif c=0;

disp(Fully static CMOS

logic design stylk")
digp{——————

disp(' )
i’:d::l;

"

disp(")
[encrgy)=cekelfs(x)
clscif d==2,
[energy)=cske2fs(x)
clscif d==3;
|enargy)=cake3fs(x)
else;

Jencrgy)=cskel fi{x)
[encrgy)=cske26(x)
[energy}=cake3fi(x)
end;

disp(Domino CMOS
logic design tyke)
disp('—————
disp(*")

ifd==1;

disp(’)
[enargy]=cakeldm{x)
clseif d==2;
[energy])=cske2dm(x)
cleif d==3;
[energy)=cske3dm(x)
clac;
[energy}=cskeldm(x)

(encrgy)=cake2dm(x)
(coergy}=cske3dm(x)

"

(cncrgy}=cskelep(x)
clscif d==2;
[coargy}=cake2cp(x)
clseif d==3;
[encrgy]=cake3cp(x)
clee;
[enargy)=cekelcp(x)

{energy)=ceke2ep(x)
l::yPamﬁp(x)

164

)
[encrgy]=eskeldp(x)
elseif d==2;
[enargy}=cske2dp(x)
elscif d==3;
[encrgy)=cake3dp(x)
*.

[cna"gy]=mkeldp(x)
[encrgy}eske2dp(x)
magy]%skédp(x)

end;
disp('Carry look ahcad
adder architecture’)
digp(—————")
disp(" )

fe==1;

disp(Fully static CMOS

logic design style’)
disp(lm————
disp(' )

ifd==1;

disp( )

disp(")
{energy]=claclfa(x)
clecif d==2;
[encrgy]=clac2fi(x)
clecif d==3;
[energy)=claec3fa(x)
clsc;

)

[encrgy)=clac] fa(x)
[encrgy]=clac2fs(x)
[enargy]=clac3fa(x)
end;

elscif e==2;

i ino CMOS
logic design style)
disp(——————"
disp(* )
ifd==1;
disp(’") :
[energy]=clac]dm(x
decif d==2;
[energy)=clac2dm(x)
claeif d==3;
(cnergy]=clac3dm(x)
clsc;,

[encrgy)=clacldm(x)

[encsgy]=clac2dm(x)

[coergy]=clac3dm(x)

end;

clacif c==3;

disp(‘Complementary
istor logic

design style)

dip(

disp('")

fd==1,

disp('")

[energy]=claclcp(x)

eleeif d==2;

[cnqu]=da:2q)(x)

elseif d==3;

[cnorgyl=clac3cp(x)

clac;

[encrgy]=claclep(x)
[encrgy]=clac2cp(x)

[encrgy)=clac3cp(x)
end;

clseif c==4;
disp(Dual pas-
transistor logic design

{energy]=claecidp(x)
clscif d==2;
[encrgy)=clae2dp(x)
clscif d==3;
{energyl=clac3dp(x)
else;,

[enargy]=clacldp(x)

[energyl=clac2dp(x)
(energy}=cloe3dp(x)
end;

elseif e==0;

disp(Fully static CMOS
logic design style’)
digp—————
disp(’ )

ifd=al;

disp("*)
[energy)=claclfs(x)
elseif d= =2;
[enargy]=clac2fs(x)
clacif d==3;
(encrgy)=clac3fx(x)
clsc;

"

[encrgy]=clacifs(x)
|energy]=clac2fu(x)
[energy)=clac3fs{x)
end;

disp(Domino CMOS
logic design style')
disp(————
disp("")

ifd==1,

disp(" "
[energy]=clacldm(x)
clscif d==2;
(encrgy]=clac2dm(x)
clseif d==3;
{enargy]=clac3dm(x)
clsc;

(enargy)=clacldm(x)
[energy)=clac2dm(x)
[cnergy)=clae3dm(x)

end;
disp(Complementary
pass-transistor logic
design style)

disp(

disp('")

if d==1;

disp(")
{enagy)=claclep(x)
clocif d==2;
[energy]=clac2ep(x)
elseif d==3;
[enargy]=clac3cp(x)
eloe:

)

[energy]=claelcp(x)
[encrgy}=clac2ep(x)
[enargy]=clac3cp(x)
ond;

disp(Dual pass-
transistor logic design
style)



it

displ’ )

fd==

disp(" )
[cnergy]=clacldp(x)
clecif d==2,
{enargy)=clac2dp(x)
clacif d==3;
{energy|=clac3dp(x)
clse,

[encrgy|=clacldp(x)
{encrgy]=clac2dp(x)
(enargy]=clac3dp(x)
ond;

end;

adder architecture’)

digp(———— )

disp("")

fe==1;

disp(Fully static CMOS

logic design styke)
digp(C——
disp(" ")

fad==1;

disp(" )

disp(*")
{enagy)=cndel fi(x)
claif d==2;
[cnorgy)=ende2fi(x)
clscifd==3;
[energy}=cnde3fa(x)
cloe,

9

[energy)=cndelfi(x)
[encrgy}=cnde2fi(x)
(energy)= cnde3fi(x)
end;

clseif c==2;
disp(Domino CMOS
lopc design style)) \

dup(')
ifd==1;

disp( )
[energy}=ende 1 dm(x)
clocif d==2;
[encrgy}>ande2dm(x)
clacif d==3;
(coargy}=ende3dm(x)
eloe;

[encrgy}=endeldm(x)
{energy)=cndc2dm(x)
l;-':-gy)ﬂmdd&n(x)

cleeif c==3;
disp(‘Coenplementary
pass-tranaistor logic
design stylc)

disp("

disp(")

dd==1:

disp(" )
[energy)=cndelep(x)
cisaf d==2,

gl

[energy}=endedopix)

eloc;
(encrgy)=cndelep(x)
[energy]=cnde2ep(x)
(energy]=cnde3cp(x)
ond;

clacif c==4,

disp(Dual pam-
tranzistor logic design
stykc')

dig e
disp(" ‘)

ifd==1;

disp(' ")
[enargy]=endeldp(x)
clacif d==2,
[energy]=cnde2dp(x)
clseif d==3;
[enargy}=endc3dp(x)

clsc;
[energy)=cndeldp(x)

[energy]=cade2dp(x)
{encrgy)=cnde3dp(x)
end;

clacif =0,

disp(Fully static CMOS

logic design styic)
disp('———————e
disp(")

ifd==1;

disp(')
[energy)=endel f(x)
clacif d==2
[encrgy)=cnde2f(x)
clocif d==3;
[enargy]=ende3fix)
clac;

b}

[energy}=cndelfi(x)
[encrgy]=cnde2fi(x)
lml‘mddfﬂ(x)

dmp(‘Domm CMOS
logic design style)
disp{ ———————

—_—)
disp(*")
it:d== 1R
[enaxvhzdcldm(x)
[energy}=cnde2dm(x)
clgeif d==3;
[cnergyl=cnde3dm{x)
clsc;

{energy)=cndeldm(x)
[encrgy)=cnde2dm(x)
[::;gy}!mdﬂdm(x)

dq)(‘Cun?lm!'ary
pam-transicior logic
design style’)

disg”

disp(*)

ifd==1,

disp(')
[energyl=cndelep(x)
clscif d==2;
(encrgy)=ende2cp(x)
clocif d==3;
[energy}=ende3ep(x)
clsc;

|energy)=cndelcp(x)
fenargy=cande2ep(x)
[atcgy]—-mdr.‘!cp(x)

dmp(‘Dlnl pass-
transistor logic design
style)
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disp('————")
disp(" )

ifd==1;

disp()
[energy)=endeldp(x)
clscif d==2;
{energy)=cnde2dp(x)
clecif d==3;
[encrgy]=cnde3dp(x)
elsc;
[energy]=endeldp(x)
[encrgy}=cnde2dp(x)
(energy]=ende3dp(x)
end;

end;

end;



APPENDIX A3

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)=clal dp(x)
format;

delay=(1E-9)*(-
0.0039°x"2 + 0.6965°x ~
5.2802).

disp(*")

disp(‘Propagation Delay
for carry look ahcad adder
(W=1.8um) Dual pass-
trznsistor logic ,in
seconds, is )

function(delay}=clalcp(x)
format.

delay=(1E-9)*( -
0.0025%x°2 + 0.4696%x +
3.1045),

disp(' ")

functionfdclay)=claldm(x
)

format;

delay= (16-9)%(-
0.0004°x*2 + 0.3612°x ~
4.9329),

disp(" ")

disp(Propagation Delay
for carry look zhead adder
(W=1.8um) Domino
CMOS logic .in seconds,
187

function|delay]=cla 1 fs(x)
format,

delay=(16-9)%( -
0.0018*x"2 + 0.2894°*x +
3.0251);

disp(' )

disp(Propagation Delay
for carry look shead adder
(W=1.8um) fully static
CMOS logic .in seconds,
it

function[delay]=cla2dp{x)
format;

delay=(1E-9)%( -
0.0034°x"2 + 0.5142%x ~
4.0016).

disp( ")

disp(Propagation Delay
for carry look zhead adder
(W=3.6um) Dusl pass-
transistor logic .in
seconds, is )

function[delay}=cla2cp(x)
format;

delay=(16-9)%(-
0.0022°x"2 + 0.3414% +
2.1914);

disp( )

i gation Delay
for carry look ahead adder
(W=3,6um)
Complementary pass-
transistor logic ,in
seconds, is )

function[dclay]=cla2dm(x
)

format;

delay=(16-9)*( -
0.001°x"2 + 0.2705%x +
3.6276)

disp(" )

disp(Propagation Delay
for carry look ahead sdder
(W=3.6um) Domino
CMOS logic ,m seconds,
is"

function[delay}=cla2fs(x)
format;

delay=(16-9)°( -
0.0014*x™2 + 0.2136°x +
23761y,

disp( )

disp(Propagation Delay
for carry look shead adder
(W=3.6um) fully static
CMOS logic,in seconds,
is)

fimction[delay}=cla3dp(x)
format,

delay=(1E-9)%( -
0.003*x"2 + 0.4297*x +
3.4873),

Gy
disp(Propagation Delay
for carry look shead adder
(W=6um) Dual pass-
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transistor logic .m
seconds, is *)

function[delay)=cla3cp(x)
format;

delay=(1e-9)%( -
0.00)8°x"2 + 0.2517°x ~+
2.182).

disp(')

disp("Propagation Delay
for carry look ahead adder
(W=6um)
Complementary pass-
transistor logic .in
seconds, is ")

function(delay)=claddny(x
)

format:

delay=(16-9)%( -
0.001°x"2 + 0.2241°x +
3.1704),

disp(' ")

disp(Propagation Delay
for carry look ahead adder
{W=6um) Domino CMOS
logic .in seconds, is ")

function[delay]=cla3fi(x)
format,

delay=(1¢-9)*( -
0.001*x*2 + 0.1605°x +
2.2151),

disp(' ")

disp("Propagation Delay
for carry look ahead adder
(W=6um) fully static
CMOS logic .in seconds,
is?)
function{delay}=cnd1dp(x
)

format;

delay= (1e-9)%(
0.0032°x"2 + 0.2321*x +
3.0929).

disp(' )

disp(Propagation Delay
for conditional sum adder
(W=1.8um) Dual pass-
transistor logic ,in
seconds, is *) |
function{delay}=candlep(x
)

format;

delay= (le-
9)%(0.0047*x*2 +
0.318%x + 1.7206),
disp('")

disp(Propagation Delay
for conditional sum adder
(W=1.8um)
Complementary pass-
transistor logic ,in
seconds, is )

function|delayj=cnd 1 dmy
X)

format,

delay=(1e-9)*%(
0.0053°x"2 + 0.4667°x ~
2.4002),

disp(")

disp('Propagation Delay
for conditional sum adder
(W=1.8um) Domino
CMOS logic .in seconds,
is")

function[delay]=cnd1fs(x)
format,

delay=(16-9)%(
0.0051°x"2 + 0.6163°x +
1.3739)

disp(' )

disp(Propagation Delay
for conditional sum adder
(W=1.8um) fully static
CMOS logic .in scconds,
is"
function|delay]=cond2dp(x
)

format;

delay= (16-9)%(
0.0013°x"2 + 0.1664%x +
2.1533);

disp( ")

disp(Propagation Delay
for conditional sum adder
{W=3.6um) Duasl pass-
transistor logic ,in
seconds, is *)

function([defay]=and2cp(x
)

format;

delay=(16-9)%(
0.0024%x*2 +0.2133°x +
1.2993);



disp(’ )

disp(Propagation Delay
for conditional sum adder
(W3 6um)
Complanantary pass-
transistor logic .in
scoonds, is 7)

function|delay)=cnd2dm{
x)

format,

delay=(1e-9)%(
0.0023x"2 -~ 0.3317*x ~
2. 045!)

(W=3.6um) Domino
CMOS logic .in seconds,
is?)

function{delay])=cnd2fs(x)
format,

delay=(1e-9)*(
0.0023°x"2 ~ 0.4373%x ~
1.4593);

disp( ")

disp('Propagation Delay
for conditional sumn adder
(W=3.6um) fully static
CMOS logic .in scconds,
i)

function|delay]=and3dp(x
)

format:,

delay= (16-9)%(
0.0009°x"2 + 0.135% +

finction|delay}=endIcp(x
)

format,

delay=(1e-9)%(
0.0007*x*2 + 0.2376%x +
0.8413),

disp(" )

disp(‘Propagation Delay
for conditional sum sdder
(W=6um)
Complementary pass-
transistor logic ,in
seconds, is )

function(delay}=and3dmy(
x)

format,

delay=(1e-9)*%(
0.0015%x"2 + 0.2556%x +
1. 965|)'.

(W=6um) Domino CMOS
logic ,in seconds, is )

function[deay}=and3fs(x)
format;

delay=(16-9)%(
0.0028°x*2 + 0.2995°x ~
1.8743),

disp(' )

disp(Propagation Delay
for conditional sum adder
(W=6um) fully static
CMOS logic ,in seconds,
is?

function|delay)=cri1dp(x)
format,

delay=(16-9)%(
0.0071°x*2 + 0.5958°x +
3.2529),

disp(' )

disp(Propagstion Delay
for carry select adder
(W=1.8um) Dual pass-
transistor CMOS logic .in
seconds, is )

function[delay)=csllop(x)
format;

delay=(16-9)%
0.0068°x"2 + 0.4267*x +
2.056);

disp(')

disp("Propagation Delay
for carry select adder

transistor CMOS logic ,in
seconds, is *)

finction[delay)=arlldm(x
)

format;

delay=(16-9)%(
0.0124°x"2 + 0.448°x +
5.2392),

disp(' )
disp(Propagation Delay
for carry seloct adder
(W=18um) Domino
CMOS logic ,in seconds,
is)

function|delay)=crl 1 fa(x)
format;

delay=(16-9)%(
0.0021*x"2 + 0.6046%x +

0.7063);

disp( )
disp(Propagation Delay
for carry select adder
(W=1.8um) fully static
CMOS logjc ,in seconds,
is)

finction{delay]=cri2dp(x)
format;

delay=(16-9)%(
0.0038°x"2 + 0.4061°x +
2.838),
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disp(' )

disp("Propagation Delay
for carry sclect adder
{(W=3.6um) Dual pass-
transistor CMOS logic .in
seconds, is )

function|delay]=cri2cp(x)
format;

delay=(le
9)%(0.0005°x"2 +
0.4706%x + 0.479):

disp(" ")

disp(Propagation Delay
for carry select adder
(W=3.6um)
Complemantary pass-
transistor CMOS logic .in
seconds, is )

fimction{delay]=cri2dm(x
)

format:

delay=(16-9)%(
0.0064°x*2 + 0.3635%x ~
3.8553).

disp( )

disp(Propagation Delay
for carry select adder
(W=3,6um) Dommno
CMOS logic .in seconds,
is?)

function{delay]=cri2fs(x)
format;

delay=(1e-9)%(
0.0011*x"2 + 0.4097*x +
0. 9759)

(W=3.6um) fully static
CMOS logic ,in seconds,
is")

function[delayj=cri3dp(x)
format;

delay=(1e-9)*(
0.0023%x"2 + 0.3514°x +
2.481);

disp()

disp(Propagation Delay
for carry select adder
(W=6um) Dual pass-
transistor CMOS logic .in
seconds, is ")

function[delay]=cri3cp(x)
format;,

delay=(le-
9)%(0.0016*x"2 +
0.2942°x + 1.2373),
disp(" ")

disp(Propagation Delay
for carry select adder

(W=6um)
Complementary pass-
transistor CMOS logjic ,m
seconds, is *)

function|delay}=crl3dm(x
)

format;

delay=(le-
9)%(0.0041°x"2 -
0.3115% + 3.5145),
disp(’ )

disp(Propagation Delay
for carry seloct adder
(W=6um) Domino CMOS
logic .in seconds, is *)

function{delay]=ari3fs(x)
format;

delay=(1-9)*
(0.0016*x"2 + 0.2826°x
+ 1.3547).

disp(’ ")
disp(Propagation Delay
for carry select adder
(W=6um) fully static
CMOS logic ,in scconds,
is)

fundtion[delay]-csk Ldp(x
)

format:

delay=(1¢-9)%(
0.0005°x™2 + 0.9942°%x +
4.4639).

disp('")

disp(Propagation Delay
for carry skip adder
(W=1.8um) Dual pass-
transistor logic .in
seconds, is *)

function{delay]=csk 1cp(x
)

format;

delay=(10-9)*(
0.0036°x"2 + 0.634%x +
3.3071),

disp( )
disp(Propagation Delay
for carry skip adder
(W=1.8um)
Complementary pass-
transistor logic,in
seconds, is %)

function[delay}=csk 1 dm{
X)

format;

delay=(1c-9)*( 0.002*x*2
+ 0 7902'x +5.9333).

dxw(‘Pmpamm Delay
for carry skip adder
(W=1.8um) Domino
CMOS logic ,in secands,
is"

function|delay)=csk 1 f3(x)
format;

delay=(10-9)%
0.0007°x*2 + 0.4859°x +
3.162),

disp(' )



disp('Propagation Delay
for carry skip
adder(W'=1.8um) fully
siatic CMOS logic .in
seconds, is 7)

function|delay}=csk2dp(x
)

format;

delay=(le
9)*(0.0003°x"2 -
0.6448°*x - 3.0637),
disp("")
disp(Propagation Delay
for carry skip adder
(W~=3.6um) Dual pass-
transistor logic .in
seconds, is 7)

fimction(delay]=cak2cep(x
)

format.

delay=(10-9)%( -
0.0002°x"2 + 0.5068°x +
1.89)

disp(' ")

disp(Propagation Delay
for carry skip adder
(W=3.6um)
Complemantary pass-
transistor logic,m
seconds, is *)
function|delay)=csk2dm(
x)

format,

delay=(16-9)%(
0.0002¢x"2 + 0.57°x +
4.6646Y,

disp( )

disp(Propagation Delay
for carry skip adder
(W=3.6um) Domino
CMOS logic ,in seconds,
is")
functionfdelay]=csk2fs(x)
format;

delay=(16-9)*(
0.0001°x"2 + 0.3387*x +
2.5418);

disp(‘Propagation Delay
for carry skip
adder(W=3.6um) fully
static CMOS logic .in
seconds, is )

function[delay]=csk3dp(x
)

format,
delay=(10-9)*(2E-05°x"2
- 0.5633°x + 2.979),

disp("")

disp(Propagation Delay
for carry skip adder
(W=6um) Dual pass-
transistor logjc .in
seconds, is %)

function|delay)=csk 3cp(x
)

format;

delay=(1e-9)%(
0.0004°x*2 + 0.3956°x ~
1.9967).

disp('")

disp(Propagation Delay
for carry skip adder
(W=6um)
Complementary pass-
transistor logjc .in
seconds, is *)

function|delay)=csk3dny
X)

format,

delay=(109)%(-
0.0006°x"2 +0.4788x +
3.9632),

disp( )

disp(Propagation Delay
for carry skip adder
(W=6um) Domino CMOS
logic ,in seconds, is *)
finction|delay)=csk3fs(x)
format,

delay=(lo-
9)*(0.0003°x"2 +
0.2863°%x + 2.3246),
disp( )

disp(‘Propagation Delay
for carry skip adder
(W=6um) fully static
CMOS logic .in seconds,

is")
functionfdelay)=rcaldp(x
)

format;

deday=(le-
9)*(0.0099%x"2 +
1.6074%x - 1.0741),

disp(’

disp(Propagation Delay
for ripple carry adder
(W=].8um) Dual pass-
transistor CMOS logic .in
secands, is )
function[delay]=rcalp(x)
format;

delay=(10-9)%(
0.0085%x"2 + 0.9921°x -
0.794y;

disp(')

disp(Propagation Delay
for ripple carry adder

(W=1.8um)
Complementary pass-
transistor CMOS logic .in
seconds, i8 )

function[dclay)=rca ldm(x
)

format;

delay=(le-
9)*(0.0177*x™2 +
1.7461%x - 0.9037).

disp( )
disp(Propagation Delay
for ripple carry adde
(W=1.8um) Dommo
CMOS logic .in seconds,
is)

function|delay]=rca1{s(x)
format;

delay=(1e-9)%(
0.0139*x*2 + 1.013%x -
1.0159);

disp(")
disp(Propagation delay
for ripple carry adder
(W=1.8um) fully static
CMOS logic .in seconds,
is)

function|delay]=rca2dp(x
)

format,

delay=(le-
9)°(0.0056*x2 +
1.1504*x - 0.5714).

disp( )

disp(Propagation Delay
for ripple carry adder
(W=3.6um) Dual pass-
transistor CMOS logic .in
seconds, is )
findtion[delay]=rca2cp(x)
format;

delay=(16-9)*( 0.008%x™2
+0.5646°x + 0.4741),
disp(' )

disp(Propagation Delay
for ripple carry adder
(W=3.6um)
Complamentary pass-
transistor CMOS logic ,in
seconds, is )
function[delay)=rca2dm(x
)

format;
delay=(16-9)%(0.007°x"2
+ l 399‘x 1.2423),

d.\q)('l"mpagmm Delay
for ripple carry adder
(W=3.6um) Domino

CMOS logic .in scconds,
is)

function|[delay)=rca2fs(x)
format;

delay=(16-9)%(
0.0065°x*2 + 0.7756°x -
0.5855):

disp(' )

disp("Propagstion delay
for ripple carry adder
(W=3.6um) fully static
CMOS logic .in seconds,
is?)

function[delay]=rca3dp(x
)

format;

delay=(16-9)%(
0.0035°x"2 + 1.0116%x -
0.4588),

disp(')

disp(Propagation Delay
for ripple carry adder
(W=6um) Dual pass-
transistor CMOS logic .in
seoonds;, is *)

function[delay)=rca3cp(x)
format;

delay=(16-9)%(
0.0042°x"2 + 0.555%x +
0.2104);

disp( )

disp{'Propagation Delay
for ripple carry adder
(W=6um)
Complementary pass-
transistor CMOS logic .in
seconds, i3 )
function[delay]=Tcaldm(x
)

format;

delay=(16-9)%(
0.0044°x"2 + 1.1601%x -
0.5749),

disp( )

disp(Propagation Delay
for ripple carry adder
(W=6um) Domino CMOS
logic ,in seconds, is )
fimction[delay]=rca3fi(x)
format;

delay=(le-
9)%(0.0042°x*2 +
0.6776%x - 0.3194),
disp("")

disp(Propagation delay
for ripple carry adder
(W=6um) fully static
CMOS logic ,in seconds,
i



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]=claeldp
(x)

format.

amagy(le
10)*(0.0024°x°2 ~
0.2182%x-0.11).

disp(") .
disp(Energy consumption
for carry look ahead adder
(W=1.8um) Dual pass-
transistor logic ,in Joules,
is")

function|energy)=claclcp
(x)

format.

anergy=(1e-10)%(
0.004°x"2 -~ 0.3664°x -
0.2074),

disp( ) _
disp(Energy consumption
for carry look shead adder
(W=1.8um)
Complamentary pass-
transistor logic .in Joules,
is ")

function|aergy]=clacld
m(x)

forma1;

energy=(1e-10)%(
0.0021°x"2 + 0.315)°x -
0.1734);

disp(' )

disp(Energy consumption
for carry Jook ahead adder

(W=1.8um) Domino
CMOS logic . Joules, is
D

function[energy]=claelfs(
x)

format;

energy={16-10)%(
0.0009*x"2 + 0.1246°x -
0.2025).

disp(" )

disp(Energy consumption
for carry look ahead adder
(W=1.8um) fully static
CMOS logic .in Joules, is
g

finction[energy]=clac2dp
(x)

format,

energy=(le-
10)*(0.0021°x"2 +
0.3454°x - 0.2538),

disp(')
disp(Energy consumption
for casry look ahead adder
(W=3.6um) Dual pass-
transistor logic ,in Joules,
is")

function|energy)=clae2cp
(x)

format;

energy=(1e-10)%(
0.0036°x"2 + 0.5845° -
0.5567.

disp('")

disp(Energy consumption
for carry look shead adder
(W=3.6um)
Complementary pass-
transistor logic ,in Joules,
is

function[energy}=clae2d
m(x)

format,

aagy=(1e-10)*(
0.0018°x"2 + 0.4941*x -
0.2867),

disp(’ )

disp(Energy consumption
for carry look ahead adder
(W=3.6um) Domino
CMOS logjc ,in Joules, is
)

function[energyj=clac2fs(
X)

format;

aergy=<(le-10)%(
0.0017°x™2 +0.136° +
0.0319);

disp() :
disp(Energy consumption
for carry look shead adder
(W=3.6um) fully static
CMOS logjc ,in Joules, is
)

function{energy]=clac3dp
(x)

format;

energy=(1e-10)%(
0.0023°x"2 + 0.4915°% -
0.2972),

disp(’ )

disp(Energy consumption
for carry look ahead adder
(W=6um) Dual pass-
transistor logic ,in Joules,
is)
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function[energv]=clacicp
(x)

format;

energy=(1¢-10)%(
0.0026°x*2 + 0.9725%x -
2.3015);

disp(')

disp(Energy consumption
for carry look ahcad adder
(W=6um)
Complementary pass-
transistor logic .in Joules,
is)

function[energy]=clae3d
m(x)

format;

energy=(1e-10)%(
0.0024*x"2 + 0.681°x -
0.215),

dis( ) |
disp(Energy consumption
for carry look shead adder
(W=6um) Domino CMOS
logic ,in Joules, is )

function|energy]=clae3fi(
X)

format,

mergy=(1e-10)%(
0.0016°x"2 + 0.216°x -
0.0658);

disp("") .
disp(Energy consumption
for carry look ahead adder
(W=6um) fully satic
CMOS logic .in Joules, is
b

function{energyj=cndeld
p(x)

format,

energy=(16-10)%(
0.0022¢x"2 + 0.212%x +
0.1357),

disp('") .
disp(Energy consumption
for conditional sum adder
(W=1.8um) Dual pass-
transistor logic .in Joules,
8%
finction|energy)=andelc
p(x)

format;

anargy=(1e-10)%(
0.0022¢x"2 +0.1619°x +
0.16031),

disp( ")

disp(Energy consumption
for conditional sum adder
(W=1.8um)
Complementary pass-
transistor logic .in Joules,
is

fundtion[energy]=candeld
m(x)

format;

encrgy=(le-
10)*(0.0012°x*2 +
0.3933°x - 0.2326),
disp('") ‘
disp(‘Energy consumption
for conditional sum adder
(W=1.8um) Domino
CMOS logic .in Joules, is
9

function|ecnergy]=cndelfs
(x)

format;

energy=(1e-10)%(
0.001°x*2 + 0.2864°%x -
0. 3989),

disp(Energy consumption
for conditional sum adder
(W=1.8um) fully static
CMOS logic ,in Joules, is
7

fundtion[energyj=cnde2d
p(x)

format,

energy=(le
10)*(0.002°x"2 +
0.2841°*x + 0.2221),
disp( )

disp(Energy consumption
for conditional surn adder
(W=3.6um) Dual pass-
transistor logic .in Joules,
is?

function[energy]=cnde2c

p(x)

format,

energy=(16-10)%(

0.0024°x"2 + 0.2293*x +

0.2701);

divd) ‘
SRy consumption

for conditional sum adder

(W=3.6um)

Complementary pass-

transistor logic ,in Joules,

is")



fundion|energy] =cnde2d
m(x)

format:

anergy=(le-
10)°(0.0012°x"2 -
0.6082%x - 0.3223).

disp("’)
disp(‘Energy consumption
for conditional sum adder
(W' -3 .6um) Domino
CMOS logic .in Joules, is
g

function|eneargy]=cnde2fs
(x)

format;

aagy=(le-
10)°(0.0004°x"2 +
0.4626°x - 0.6674),
disp(') ,
disp(Enagy consumption
for conditional sum sdder
(W=3.6um) fully static
CMOS logic .in Joules, is
g

function|[delay)=cnd3dp(x
)

format:

delay= (1e-9)%(
0.0009%x°2 - 0.135% -
1.9635).

disp(*)

disp(Propagation Delay
for conditional sum adder
(W=6um) Dual pass-
transistor logic .
seconds, is )

function|energy)=andeldc
p(x)

format;

eneargy=(le-10)%(
0.0027°x’2 ~ 0.3411%x +
0.3622),

disp( ) ,
disp(‘Energy consumption
for conditional sum adder
(W=6um)
Complemantary pass-
transistor logic .in Joules,
is")

function{energy]=cnde3d
m(x)

format;

aergy=(1¢-10)%(
0.0015°x"2 + 0.8753*x -
0.3719).

disp('") ,
diqa(‘FJ\a'y consumption
for conditional sum adder
(W=6um) Domino CMOS
logic .in Joules, is ")

ﬁmaim[mm]wum&
(x)
format;

energy=(le-
10)*(0.0016°x*2 +
0.5575%x - 0.3139).
disp(') .
disp(Energy consumplion
for conditional sum adder
(W=6um) fully static
CMOS logic ,in Joules, is
)

function|energy)=crieldp
(x)

format;

anergy=(le-10)*( -
0.0008°x*2 + 0.5685°x -
1.7441);

disp( ")

disp(Energy cansumption
for carry select adder
(W=1.8um) Dual pass-
transistor logic .in Joules,
is")

function[energy)=crielqX
X)

format;

energy=(1e-10)%(
0.0023*x*2 + 0.2476°x -
0.2617),

disp(") .
disp(Energy consumption
for carry select adder
{W=1.8um)
Complementary pass-
transistor logic ,in Joules,
is)
function[energy]=crieldm
(%)

format;

energy=(1¢-10)*(
0.0048°x~2 + 0.4511%x +
0.0517),

disp(") ,
disp(Encrgy consumption
for casry select adder
(W=1.8um) Domino
CMOS logjc ,in Joules, is
]

function[energy)=crie] f5(
X)

format;

energy=(1¢-10)*(
0.00114x"2 +0.2021%x -
0.4036);

din) |
disp(Energy consumption
for carry select adder
(W=1.8um) fully static
CMOS logic ,in Joules, is
9

fimction{energy]=cric2dp
(x)

format;
enesgy=(1e-10)%(-
0.0016*x*2 + 0.795%x -
2.1764),

disp(" )

170

disp(Energy consumption
for carry select adder
{W=3.6um) Dual pass-
transistor logic ,in Joules,
is")

function|energv)=crie2ep(
X)

format;

anagy=(10-10)*%(
0.0019¢x"2 + 0.3868"x -
0.5022).

disp("") ,
disp(Energy consumption
for carry select adder
{(W=3.6um)
Complementary pass-
transistor logic .in Joules,
is9

function|energy]=cric2dm
(x)

format;

cnergy=(1e-10)%(
0.0048*x*2 + 0.7667°x -
0.2282);

disp(*) '
disp(Energy consumption
for carry select adder
(W=3.6um) Domino
CMOS logic .in Joules, is
9

function[energy]=crie2fs(
X)

format,

energy=(1e-10)*(
0.0017°x*2 + 0.2687°*x -
0.3769);

disp(’ ") )
disp(Energy consumption
for carry select adder
(W=3.6um) fully static
CMOS logic ,in Joules, is
)

function|energy|=crle3dp
(x)

format;

mergy=(1e-10)%( -
0.0071*x"2 + 1.4211% -
4.6013),

disp( ) ‘
disp(Energy consumption
for carry select adder
(W=6um) Dual pass-
transistor logic .in Joules,
is")

function|energy)=crie3cp(
X)

format;

energy=(le-
10)%(0.0013°x"2 +
0.5589%x - 0.4465),
disp(") _
disp(Energy consumption
for carry select adder
(W=6um)
Complementary pass-

transistor logic .in Joules.
is")

fundtionfenergy]=crle3dm
(x)
format:

. energy=(le-10)%(

0.0067¢x*2 + 1.0913%x -
0.0803);

disp( )

disp(Encrgy consumption
for carry select adder
(W=6um) Domino CMOS
logic.in Joules, is *)

function[energy]=crie3fs({
X)

format;

energy=(1e-10)%(
0.0041*x*2 + 0.3162°x -
0.1291);

disp(' )

disp(Energy consumption
for carry select adder
(W=6um) fully static
CMOS logic.in Joules, is
)

functionfenergy|=cskeldp
(x)

format;

energy=(le-
10)*(0.0019*x"2 +
0.2637*x - 0.3896);
disp( )

disp(Energy consumption
for carry skip adder
(W=1.8um) Dual pass-
transistor logic ,in Joules,
is)

function[energy|=cskelcp
(x)

format,

anergy~(1e-10)%(
0.0035%x*2 + 0.1779°%x +
0.0184);

disp(") .
disp(Energy consumption
for carry skip sdder
(W=1.8um)
Complementary pass-
transistor logic .in Joules,
is’)

fundtion[energy)=cskeld
m(x)

format;

energy= (le-
10)*(0.0029%x™2 +
0.2965°x - 0.1404),
disp('")

disp(Energy consumption
for carry skip adder
(W=1.8um) Domino
CMOS logic ,in Joules, is
)]

function{energy]=cskelfs
(x)



format.

mergdy=(1e-10)%(
0.0016°x"2 ~ 0.107°x -
0.173).

disp( )

disp(Energy consumption
for carry skip sdder
(W'=1.8um) fully static
CMOS logic .m Joules, is
)

function{energy]=cske2dp
(x)

format;

energy=(1e-10)%(
00022°x"2 + 0.3685%x -
0.5033),

disp(" )

disp(Energy consumption
for carry skip adder
(W=3.6um) Dual pass-
transistor Jogic .in Joules,
is 9

funation(energy]=cske2ep
(x)

format;

enery=(1¢-10)%(
0.0036°x"2 + 0.2896°x -
0.1741).

disp("")

disp(Energy consumption
for carry skip sdder
(W=3.6um)
Complemantary pass-
transistor logic .m Joules,
is )
function|enargy]=cske2d
m(x)

format;

anergv=(1e-10)%(
0.0027°x"2 ~ 0.4803°x -
0.2584).

disp( )

disp(Energy consumption
for casry skip adder
(W=3.6um) Domino
CMOS logic ,in Joules, is

)
function|energy]=cske2fs
(x)

format;

enagy=(1e-10)*(
0.0019°x"2 + 0.1474%x -
0.1961),

disp(")

disp(‘Energy consumption
for carry skip adder
(W=3.6um) fully static
CMOS logic .in Joules, is

9
finction]energy)=cskeddp
(x)

format;

energy=(1e-10)*(
0.0095°x2 + 0.2816%x +
0.7424),

disp( ) _
disp(Energy consumption
for carry skip adder

(W=6um) Dual pass-
transistor logic ,in Joules,
is )

function{energy)=cske3cp
(x)

format;

energy=(1e-10)%(
0.0051°x*2 + 0.4095°x -
0.1421),

disp(" ‘)

disp(Energy consumption
for carry skip adder
{W=6um)
Complementary pass-
transistor logic .n Joules,
59

functionenergy|=cske3ld
m(x)

format,

energy=(1e-10)%(
0.0031°x"2 + 0.6875°x -
0.3411),

dis( ) .
disp("Energy consumption
for carry skip adder
(W=6um) Domino CMOS
logic ,m Joules, is ")

function{energy)=cske3fs
(x)

format;

energy= (1e-10)*(
0.0017°x"2 +0.2284°x -
0.2753),

disp(")

disp(Energy consumption
for carry skip adder
(W=6um) fully static
CMOS logic i Joules, is

"
function[energy]=Tcaeldp
(%)

format;

mergy=(1e-10)*(
0.0013%x"2 + 0.1944°x -
0.1769),

disp( )

disp(Energy consumption
for ripple carry adder
(W=1.8um) Dual pass-
transistor logic ,in Joules,
is )
function{enargy]=rcac2dp
(x)

format,

energy=(1e-10)%(
0.0013°x"2 + 0.2939°%x -
0.0264y,

disp(' ")

disp(Energy consumption
for ripple carry sdder
(W=3.6um) Dusl pass-
transistor logic ,in Joules,
is"
function|energy]=rcaelcp
(x)

format;
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energy=(1e-10)%(
0.0024°x™2 + 0.1202°x +
0.0917),

disp( )

disp(Energy consumption
for ripple carry adder
{(W=1.8um)
Complementary pass-
transistor logic .m Joules.
is)

function[energy]=rcaeld
m{x)

format;

energy=(1e-10)%(
0.0024*x™2 + 0.2696°x -
0.0877).

disp("")

disp(Energy consumption
for ripple carry adder
(W=1.8um) Domino
CMOS logic .in Joules, is
)

function{cnergy]=rcael i
x)

format,

anargy= (le-
10)*(0.0016°x™2 +
0.0841*x - 0.1103);
disp(' )

disp(Energy consumption
for ripple carry adder
(W=1.8um) fully static
CMOS logic,in Joules, is

function[energy}=rcae2dp
(x)

format;

energy=(1¢-10)%(
0.0013%x"2 + 0.2939%x -
0.0864),

dip( ) .
disp(Energy consumption
for ripple carry adder
{W=3.6um) Dual pass-
transistor logic .in Joules,
is"
fundion{energy)=rcac2cp
(x)

format;

energy=(le-
10)%(0.0033*x"2 +
0.1611%x + 0.2172),
disp("") _
disp(Energy consumption
for ripple carry adder
(W=3.6um)
Complamentary pass-
transistor logic ,in Joules,
is?)
fimction[energy)=reac2d
m(x)

format;

energy=(1e-10)%(
0.0021*x"2 + 0.4391°x -
0.2237),

disp('")

disp(Enargy consumption
for ripple carry adder

(W=3.6um) Dommo
CMOS logic.m Joules, is
)l

function{energy]=rcac2fs(
X)

format;

ergy=(le-10)°(
0.0014°x™2 + 0.1322x -
0.1597).

disp( )

disp(Energy consumption
for ripple carry adder
(W=3.6um) fully static
CMOS logic .in Joules, is
N

function|{energyj=rcae3dp
(x)

format,

encrgy=(1e-10)%(
0.0017°x*2 + 0.3965°x -
0.2563);

disp(' ")

disp(Energy consumption
for ripple carry adder
(W=6um) Dual pass-
transistor logic i Joules,
is")
function[energy]=rcac3cp
(x)

format;

energy=(le-10)%(
0.0034*x"2 + 0.2577°x +
0.2392),

disp( ) )
disp(Energy consumption
for ripple carry adder
(W=6um)
Complemantary pass-
transistor logic .in Joules,
is?
function{energy]=rcaedd
m(x)

format;

energy=(le-10)%(
0.0023*x*2 + 0.6222°x -
0.1704),

disp(' ‘)

disp(Energy consumption
for ripple carry adder
(W=6um) Domino CMOS
logic .in Joules, i5 )
findtion[energy|=rcae3fs(
X)

format;

enargy=(le-
10)%(0.0018*x"2 +
0.1691%*x - 0.0593),

disp( )

disp(Energy consumption
foc ripple carry adder
(W=6um) fully static
CMOS logjc ,in Joules, is
N



APPENDIX A4

This program calculates the worst-case propagation delay using Delay Model

clear

diary prgresult m

diary on
dm‘.l...'.lllll....
SONSEBERONINRTISROOES

0000000 06000098000000
(LA ]1] ')

choosmg best architecture
for a required propagation
delsy constrait”)

disp(’ )
disp(Moddling results
using Delay Models 7)

disp(?)
w...............

SP0SSEURCOODO0EN0000S

OSSOSOV IINSENONONRS

(14122 ] ')

°sTake mput from user
1 LI ITER AT}

2000000806005 80800008

0 ')

disp(' )

disp(Please input size of
adder from | to 64 bits")
disp(" )

x=tput(Please input
adder size (number of
bits)= "),

disp( )

while x>64
dispCERROR: Adder size
is out of the range.
Please gjve size from 1 to

disp(Fully static CMOS
logic design style)
disp(’

]

disp(" ")

ifd==1.

disp(' )
[delsy)=rcam ] fs(x)
clseif d==2,
(delay)=ream2fs(x)
elseif d==3,
[delay]=rcam3fs(x)
else,

[delay]=vcam1£5(x)

x=input(Please input
adder size (number of
bits) again=");
disp("")

end

cle

diw('......‘....‘.‘..

&nd their values arc:”)
disp( )

disp(’(1)No specific adder
architecture. Print result
for all architectures= 0"
disp((2)Ripple carry
adder architecture= 1°)
disp((3)Carry sclect
adder architecture= 2')
disp((4)Carry skip adder
architecture= 3%

disp(ERROR: Option
value is out of the range.
Please give option value
between 0 and 5)

disp( ")

b=input(Please input
architecture option
again="),

disp("")

end

de

[delay]=rcam2f5(x)
[delay]=rcam3fs(x)
ad;

elseif c==2,
disp(Domimo CMOS
logic design style))
disp(’

[delay)=rcam1dm(x)
elseif d==2;
[delay])=rcam2dm(x)
elseif d==3;
(delay]=rcam3dm(x)
else;

[delay)=rcarmn]dm(x)

[delay)=rcam2dm(x)
[delay)=rcam3dm(x)
and;
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1 9098308000000 8¢¢
29880888¢8080C8888099
SSS00¢SUNIECOOCEESEOS

"
)

disp('Logic design style
options and their values
are:’)
disp('")

isp('(1)No specific logic
design style.Print result
for all design styles.= 07)
disp('(2)Fully static
CMOS logic= 19
disp(’(3)Domino CMOS
logic= 27)
disp('(4)YComplementary
pass transistor logic= 3")
disp('")
c=input{Please input
logic design style option
valie= "),
while 3
disp(CERROR: Option
value is out of the range.
Please gjve option value
between 0 and 37)
disp(" ")
c=mnput(Please input
logic design style option
again=");
disp( )
end
de

dm‘.....l...‘.....‘

‘T')

disp( ")

dispCMOSFET Channel
lengh is =1.2um)
disp(" ")

elseif c==3;
disp('Complemantary
pass-ransistor logic
design style’)

disp(’

disp( ")

if d==1;

disp(' ")
[delay)=rcam]cp(x)
elseif d==2;
{delay]=rcam2cp(x)
elseif d==3;
[delay)=rcam3cp(x)
else;

[delay)=rcam]p(x)
[delay)=rcam2cp(x)
[delay]=rcam3cp(x)
end;

elseif c==4;

H CESIVICEVESINV S
980033088880 0000090 8¢
900880330058 COEIINS
[ 1] ')
disp(‘Channel width
options and their values
are:’)

disp(" ")

disp(’(1)No specific
channel width
choice.Print result for all
(wA) values= 0"
disp(’(2)Channel width
(1.8um)= 1)
disp((3)Channe! width
(3.6um)= 2"
disp('(4)Channel width
(6.0um)= 3%

disp(')

d=tnput(Please input
channel width option=").
while d>3
disp(ERROR: Option
value is out of the range.
Please give option value

&w...“‘.....tlll

SS8SE0UESOUININTERES O
(1] ')

xb.ed %
size,arch,width,design
stvle
%%%SIMULATION
RESULTS

disp(Dual pass-transistor
logic design style’)

disp("
disp(' )
if: d==1;

h)

disp( )
[delay]=rcam1dp(x)
elseif d=~=2;
(delay]=rcam2dp(x)
clseif d==3;
{delay)=rcam3dp(x)
else;

[delay]=rcam]dp(x)
[delay]=rcam2dp(x)
f{delay}=rcam3dp(x)
ad;

elseif c==0;

disp(Fully static CMOS
logic design style’)



disp(”

disp(C )

ifd -1,

disp(" )
|detay)—rcam] fs(x)
elseif d==2;

ldclayl =rcam2fs(x)

9

[delay] mnﬂfs( x)
clsc.

[delay]=rcam 1 f5(x)
(delay)=rcam2fi(x)
{delay]-ream3fi(x)
end:

disp('Dommo CMOS
logic design style’)
disp("

—)
dim)
if d==

d*'P('
{delay]=rcam ) dm(x)
clscif d==2;
[delay]=rcam2dm(x)
elseif d==3;
[delay}=rcam3dm(x)
clse.

{delay)=rcam] dm(x)
[delay)=rcam2dm(x)

design style)

disp("

disp(')

ifd==1;

disp()
[deday)=rcam] cp(x)
elseifl d==2;
{delay)=rcam2cp(x)
dseif d-=3.
[delay]=rcam3cp(x)
else,

[delay)-rcam] cp(x)

disp(Dua
logic design style’)
disp("

"
disp(" ")
ifd=-1:
disp( )
[delay)=rcam ) dp(x)
elseif d==2,

(delay]=rcam2dp(x)
elseif d==3,
{delay]=rcam3dp(x)
clse.

[delay)=rcam1dp(x)
[deday)=rcam2dp(x)
{delay)=rcam3dp(x)
ad,

ond;

clseif b==2;

disp(Carry selet adder
architecture’)

disp("

—9

disp(" ")

ife==1;

disp(Fully static CMOS
logic design style)
disp("

{delay}=crim1fs(x)
elseif d==2;
[delay]=crim2fi(x)
elseif d==3;
[delay)=crim3fi(x)
clse;

(delay]=crim1£(x)
[delay}=crim2fi(x)
[delay]=crim3fs(x)
ond;

elseif c==2;
disp(Dommo CMOS
logic design style’)
disp("

(delay}=crim]dm(x)
elseif d==2;
(delay)=crim2dm(x)
clseif d==3;
|delay)=crim3dm(x)

else;
[delay]=crim1dmix)

disp(’)
ifd-nl;

[ddny}%lq»(X)
elseif d==2

[dday]=a1mlq)(x)
elseif d==3;
[delay)=arim3cp(x)
else;

(delay}=crtm1cp(x)

[delay)=crim2ap(x)
[d:;ay]=ahn3q)(x)
a

elseif c==4;
disp('Dual pass-transistor
logic design style)
disp(*

"
disp('")
i!: g==1;

disp(' )
(delay]=crim 1 dp(x)

elseif d==2;
[delay]=crim2dp(x)
clseif d==3;
[delay]=erlm3dp(x)
else,

[delay]=crim1dp(x)
[delay]=crim2dp(x)
[delay)=crim3dp(x)
end;

elscif c==0,
disp(Fully static CMOS
logic design style)
disp("

[delsy])=ceim1 f5(x)
clseif d==2;
{delay]=crim2fs(x)
¢lseif d==3;
[delay]=crim3fi(x)
else,

[delay)=crim1fs(x)
[delay)=crim2fs(x)
[ddlay])=crim3fs(x)
end;

disp(Domino CMOS
logic design style)
disp("

—9
dxsp(")
ifd==

disp(’ ")
{delay]=crimdmy(x)

elseif d==2;
[delay]=arim2dmy(x)
elseif d==3;
[delay]=crim3dm(x)
else;

[delay)=crim1dm(x)

[delay)=crim2dm(x)

|delay)=crim3dm(x)

and;

d:.q)(‘Conplcmauarv
or logic

design style)

disp("

disp( )

ifd==1;

disp(" )
[delay)=crim1cp(x)
elseif d==2;
[delay]=crim2cp(x)
elseif d==13;
[delay}=crim3cp(x)
else;

)

(delay]=crimicp(x)

{delay])=crim2cp(x)
[delay]=crim3cp(x)
end;

disp(Dual pass-transistor
logic design style))

disp("

disp(' )

ifd==1;

)

disp(" ")
|delay]=arlm1dp(x)
elseif d==
[delay]=crim2dp(x)
elseif d==3;
[delay]=crim3dp(x)
else

[delay)=crim1dp(x)

[delay)=crim2dp(x)
[delay)=arim3dp(x)
end,

end;
elseif b==3;
dtsp(‘Cany skip adder

disp(Fully static CMOS
logic design style’)
disp("

g

disp(* )
ifd==1;
disp(" )

disp(" )
[delay)=cskm1fs(x)
elseif d==2;
[delay]=cekm2fi(x)
elseif d==3;
{delay)=cskm3fs(x)
clse;,

[delay)=cskm1fs(x)
[delay)=cskm2fs(x)
(delay)=cskm3fi(x)
end;

elseif c==2;
disp(Domino CMOS
logic design style)
disp(*

9
{delay)=cskm 1 dm(x)
clseif d==2;
[dclay])=cskm2dm(x)
clseif d==3;
[detay)=cskm3dm(x)
else;

[detay)=cskm]dm(x)
[delay]=cskm2dm(x)
{delay]=cskm3dm(x)
end;

elseif c==3;
disp(Complementary
pass-transistor logic
design style)

disp(:
disp(")
ifd==1;

9

disp("")
[delay)=cskm1 p(x)
elseif d==2;
[delay]=cskm2ap(x)
elseif 3==3;
[delay}=cskm3cp(x)
else,



[delay]~cskm1ap(x)
(delay)=cskm2ep(x)
[delay ) =cskm3cp(x)
end:

clseif ¢ -4,
disp(Dual pass-transistor
logic design stylc')
disp('——o")
disp("")

ifd==1:

disp(*")
[delay] = cskm 1 dp(x)
clseif d==2;
|deay)=cskm2dp(x)
clseif d==3;
[deday]=cskm3dp(x)
clse.

[delay)=cskm 1 dp(x)
(delay]cskm2dp(x)
(delay)=cskm3dp(x)
and.

clseif =0,

disp(Fully static CMOS
logic design style))
disp('————

dw(")
ifd==

disp( )
[delay)=cekm1£i(x)
clseif d==2;
(delay)=cskm2fs(x)
elseif d==3,
lddav]':akm!&(x)

[dday]—cskmlfs(x)
[delay)=cskm265(x)
(delay}=cskm3fi(x)

disp(' )
[delay]=cskm] dm(x)
clseif d==2;
(delay)=cskm2dm(x)
elseif d==3;
[delay)=cakm3dm(x)
clse,

{dday]=cskm]dm(x)
[dedsy)=cskm2dm(x)
[delav]=<=km3¢n(x)

chanConplmuuary
pw logic
design style)
disp(———— ")
disp(')

ifd==

disp(" )
[delay]=cskmlcp(x)
elseif d==2;
(delay]=czkm2cp(x)
elseif d==3,
(delay)=ckm3Icp(x)
else,
[delay]=cskm1gp(x)

ond;

disp('Dual pass-ransistor
logic design style’)

disp(

9
disp(")
ifd==1;
disp(' ")
{delay]=cskm1dp(x)
elseif d==2;
[delay}=cakm2dp(x)
elseif d==3,
[delay)=cskm3dp(x)
else;

[delay]=cskm1dp(x)
[delay)=cskm2dp(x)
Idiaylep(x)
en

dup('Fully static CMOS

lddaylf*dmlfs(x)
elseif d==2;
|delay]=clam2fi(x)
elseif d==3;
[delay])=clam3fi(x)
else,

[delay)=clam1(x)
{delay)=clam2f5(x)
[delay]=clam3fi(x)
end;

elseif c==2;
disp(Domino CMOS
logic design style))

(delay]=clam]dm(x)
elseif d==2;
[delay)=clam2dm(x)
elseif d==3;
[delay]=clam3dm(x)
else;

(deday]=clam]dm(x)

174

[delay]=clam1cp(x)
elseif d==2;
[delay]=clam2cp(x)
elseif d==3;
[delay]=clam3ep(x)
else;

[delay)=clam1cp(x)
[delay]=clam2cp(x)
(delay]=clam3cp(x)
ad;

elseif c==4;
disp('Dual pass-ransistor
logic design style’)
disp(——")
disp(")

ifd==1;

disp("")
[delay]=clam1dp(x)
elseif d==2;
(delay]=clam2dp(x)
elseif d==3;
[delay|=clam3dp(x)
else;

[delay]=clam1dp(x)
{delay)=clam2dp(x)
[delay)=clam3dp(x)
ad,

elseif =0,

disp(Fully static CMOS
logic design style’)
disp(—————

disp(")
ifd==1;

disp("")
[delay)=clam1fs(x)
elseif d==2;
[delay]=clam2f(x)
elseif d==3;
{deday}=clam3fs(x)
clse;

[delay]=clam1fs(x)
[delay]=clam2£(x)
[ddny]=dnm3fs(x)

d;qp(‘Dommo CMOS
logic design style)

disp(’
disp(’ )
if d==1;

disp()
[delay]=clam1dm(x)
clseif d==2;
(Selay}=clam2dm{x)
elseif d==3;
[delay]=clam3dm(x)
else;

[delay]=clam1dm(x)
[delay]=clam2dm(x)
{delay}=clam3dm(x)

ad;

disp("Complementary
istor logic

design style)

disp("

disp(' ")

ifd==1;

disp('")
{delay)=clam1ep(x)
elseif d==2;

[dclay]=dam2cp(x)
elseif d=

[delay)=clam3cp(x)
else;

|delay)=clam]cp(x)
(delay)=clam2cp(x)
[delay]=clam3cp(x)

end;

disp('Dual pass-ransistor
logic design style)

disp(——")
disp(" ")

ifd==1;

disp( )
[delay)=clam1dp(x)
elscif d==2;

(delay)=clam2dp(x)
elseif d==3;
[delay]=clam3dp(x)
else;

[dcday]=clam]dp(x)
[delay)=clam2dp(x)
(delay]=clam3dp(x)
end;

end;

elseif ba=$;
disp(‘Conditional sum
adder architecture)
disp(————")
disp("")

ife==l;

disp(Fully static CMOS
logic design style”)
disp(——)
disp(*")

ifd==1;

disp( ")

disp(")
|ddny]=a1dm 1(x)
elseif d==2
|dday]=mdm2fs(x)
elseif d==3;
{delay}j=andm3fi(x)
clse;

[delay}=andm]fi(x)
[deday]=cndm2fi(x)
[delay]=ndm3fi(x)
end,

elseif c==2;
disp(Domino CMOS
logic design style’)
dip(—-——

disp()
ifd==1;

)

disp()

[delay)=cndm | dm(x)
elseif d==2;
[delay)=ndm2dm(x)
elseif d==3,
[delay]=cndm3dm(x)
else;

(delay}=cndm dmyx)
(delay]=cndm2dm(x)
[;g;ly]mm&'n(x)

clseif ==3;
disp('Complementary
passransistor logic
design style')

disp(*



dip()
fd--1.

disp()
[delay]=-endmcp(x)
clseif d-=2;
|delay)- ondm2ep(x)
clseif d==3;
|deiay]=cndm3cp(x)
clse

|delay)=cndm1cp(x)
[delay]=cndm3cp(x)
[delay]=cndm3cp(x)
end.

clsaif -4,

disp("Dual pass-transistor
logic design style)

disp"

o]

disp(" )
ifd=~1.

disp(’ )
{delay]=eandm1dp(x)
elseif d==2;
[delay}=endm2dp(x)
elseif d==3;
[delay]=ondm3dp(x)
else,

|delay]=cndm I dp(x)
[delay)=endm2dp(x)
[delay]=cndm3dp(x)
and.

clseif ==0;

disp(Fully static CMOS
logic design gtyle))

dip(")
ifd="1.

)

disp()
(deday]=cndm ] f(x)
clseif d==2;
[deday]=cndm2fi(x)
elseif d==3;
[delay]=cndm3fi(x)
cise,
[delay)=ndm]fi(x)
[delay]=cndm2fs(x)
ldda) |=ndm3fi(x)

dup(‘DommoCMOS
logic design stylc’)

disp("
disp(" )
ifd==1;

)

disp( )
[delay]=cndm1dm(x)

elseif d==2;
[delay]=andm2dm(x)
elseif d==3,
[delay]=cndm3dm(x)

else,
{delay)=cndm1dm(x)
{delay)=andm2dm(x)
(delay]=cndm3dm(x)
ad;
disp(‘Complementary
pass-ransistor logic
dexign style)

disp("
disp( ")

ifd==1;

disp(")
[delay]=cndm1 cp(x)
elseif d==2;
[delay]=cndm2cp(x)
elseif d==3;
[delay]=cndm3cp(x)
else;

[delay]=endm1cp(x)

{delay)=cndm2cp(x)
[ddayl=mdm3¢v(x)

dnsp('Dual pass-transistor
lovcdslsa style) R

dnsv(‘ )
ifd==1,

disp(' )
[delay)=cndm)dp(x)
elzeif ¢d==2;
(delay|=cndm2dp(x)
clseif d==3;
(delay]=endm3dp(x)
else,

[delay]=andm]dp(x)
|delay]=cndm2dp(x)
L::'aylw@(’t)

ad,

elseif b==0;
disp(Ripple carry adder
architecture’)

disp(’ )
disp( )

ife==1,

disp(Fully static CMOS
logic design style’)
disp(—ererer———)

(delay)=rcam1 fs(x)
elseif d==2;
[delay])-rcam2fs(x)
clseif d==3;
(delay]=rcam3f5(x)
clse;

[delay]=rcam]6x(x)
(delay)=rcam2f(x)
[delsy}=rcam3fs(x)
end;

clseif c==2;
disp(Domino CMOS
logic design style’)
disp(: p)
disp("")

ifd==

[delay)=rcam1dm(x)
elseif d=2;
[delay)=rcam2dm(x)
elseif d==3;
{delay]=rcam3dm(x)
else;

[delay]=rcam] dm(x)
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disp(‘Complementary
pass-transistor logic
design style)
disp{~——————— )
disp("")

ifd==1;

disp(" ")
(delay}=rcamlcp(x)
elseif d==2;

[delay)=rcam2cp(x)
elseif d==3;
[delay)=rcam3cp(x)
clse;

(delay]=rcamlcp(x)
(delay)=rcam2cp(x)
(delay]=ream3cp(x)
oad,

elseif c==4
disp(Dual pass-ransistor
logjc design style))
disp{(————
disp('")

if d==1.

disp("")
[delay)=rcam1dp(x)
clseif d==2;
{delay]=rcam2dp(x)
elseif d==3;
{delay]=rcam3dp(x)
elsc;

[delay]=rcamldp(x)
[delay]=rcam2dp(x)
[delay]=rcam3dp(x)
end;

elseif c==0,
disp(Fully static CMOS
logic design style')
digp( et
disp( )

ifd==1,;

disp(" ")
[delay])=rcam ! f5(x)
elseif d==2;
(delay]=rcam2fi(x)
elseif d==3;
(delay)=rcam3fi(x)
else;

[delay)=rcam1fx(x)
|delay)=rcam2fs(x)
[dday]=mnm3&(x)

d:sp('Dommo CMOS
logic design style’)
disp(’

-—")

disp(' ")

ifd==1;

disp('")
[delay]=rcam1dmy(x)
clseif d==2;
[dday]—mm!&dx)
elseif d==3
(delay]=rcam3dm(x)

[delay)=ream3dm(x)
ad;

disp('Complementary
pass-transistor logic
design style”)

disp(*

disp( ")
ifd==1;

(delay]=rcamlcp(x)
elsaif d==2;
[delay])=rcam2cp(x)
elseif d==3;
[delsy]=rcam3cp(x)
else;

|delay)=rcam]cp(x)
|delay])=rcam2cp(x)
(delay]=rcam3cp(x)
and,

disp(Dual pass-ransistor
logic design style')
disp(—————)
disp("")

ifd==1;

disp( ")
[delay]=rcam | dpx(x)
elseif d==2;
[delay}=rcam2dp(x)
elseif d==3;
[delay]=rcam3dp(x)
else;

[delsy])=rcam1dp(x)
{delay)=rcam2dp(x)
ldzll')'l“mml‘dp(:t)
ad,

ife==1,

disp(Fully static CMOS
logic design style)
disp( ")

ifd=—=1;

disp("")

disp(")
(delay]=crlm1fs(x)
elseif d==2;
[delay)=crim2fs(x)
elseif d==3;
[delay)=crim3fs(x)
else;

(delay]=crim1fs(x)

[delay)=crim2f(x)

[delay]=crim3fi(x)

end;

elseif c==2;
i mo CMOS

logic design style))
(e}

(delay]=crim1dm(x)
clseif d==2;
[delay]=crim2dm(x)
elseif d==3;
[delay])=crim3dm(x)
else;

[delay)=crim]dm(x)



|delay] - arlm2dm(x)
[delay])=crim3dm(x)
ad:
elseif c==3.
pass-transistor logic
dasign style)
disp(————)
disp("")

ifd==1,
disp( ")
|delay]=crim1gp(x)
clseif d==2;
{delay]=crim2cp(x)
clseif d==3;
|delay|=crimIcp(x)
else,

(dda.yl’——aimlcp(x)
[delay)=crim2cop(x)
(delay]=crim3op(x)

eand.

cscif c==4

disp(Dual pass-transistor
loz:cdnsl style) .
ol

ifd==

disp()’
[delay)=aim)dp(x)
elseif d==2;
[deday]=crim2dp(x)
elseif d==3;
ldda)l-ahﬂdp(x)

[dda) )=arim1dp(x)
(delay) =crim2dp(x)
[delay]=crim3dp(x)
end:

elseif ==0;

disp(Fully static CMOS
logic design style’)
disp(——— )
disp(' ")

ifd==1;

disp( )
(delay)=crtm 1 fs(x)
clsaf d==2;
(delay]=crim2fs(x)
elseif d==13;
|delay]=crim3(x)
else;
(delay)=crim1fs(x)
(delay)=crim2fi(x)
[debyl—a-lm.!&(x)

chsp('Danmo CMOS
logic design style)
disp(————)
disp("")

ifd==1.

disp(’")

(delay]=crim] dm(x)
clseif d==2;
(delay)=crim2dm(x)
ebseif d==3;
(delay)=crim3dm(x)

else,
[delay]=crim1dm(x)
{delay]=crim2dm(x)

|delay}=crim3dm(x)

p)
[delay]=crim 1 cp(x)
elseif d==2;
[delay]=crim2cp(x)
clseif d==3;
{delay]=crim3cp(x)
clse;

(delay)=crim1cp(x)
(deisy)=crim2cp(x)
(delay]=crim3cp(x)
end;

disp('Dual pass-transistor
logic design stylc)
disp(————"
disp(")

if d==1;

disp(")
{delay}=crim1dp(x)
elseif d==2;
(delay}=crim2dp(x)
elseif d==3;
[delay)=crim3dp(x)
clse;

(delay)=crim1dp(x)
(delay}=crim2dp(x)
[d:ayl"—ainﬁdp(x)
end:

end,
disp(Carvy skip adder
architecture’)

disp(—eec")
disp( )

if =1,

disp(Fully static CMOS
logic design style)
disp(* )
disp(' )

ifd==1,

disp('")

disp(')
[delay]=cskm ] fi(x)
elseif d==2;
[delay]=cskm2fs(x)
elscif d==3;
[delay]=cekm3fx(x)
elsc;

[delay)=cskm 1 f5(x)
[delay}=cskm2fi(x)
[delay]=cekm3fi(x)
ad;

elseif c==2,
disp('Domino CMOS
logic design style))
di(—————
disp(* )

if d==1;

disp("")
[delay]=cskm]dm(x)

elseif d==2;
(delay)=cskm2dm(x)
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elseif d==3;
[delay}=cskm3dm(x)
else;

(delay)=cskm1dm(x)
[delay]=cskm2dm(x)
[delay)=cskm3dm(x)
end;

elseif c==3;
disp(\Complamentary
pass-transistor logic
dsngn style)

dmp(")
ifd==1;

)

disp(')
[deday}=cskmlcp(x)
elseif d==2;
[delay)=cskm2cp(x)
elseif d==3;
[delay]=cskm3p(x)
else;

[delay]=cskm 1 p(x)
[delay}=cskm2cp(x)
[delay]=cskm3cp(x)
end;
elscif c==4;
disp(Dual pass-transistor
logic design style’)
disp(*

9
disp(' )
ifd==1;
disp('")
[delay]=cskm1dp(x)
elseif d==2;
[dday]w:sknaq»(x)
elseif d==3;
(delay]=cskm3dp(x)
else;

[delay)=cskm1dp(x)
{delay}=cskm2dp(x)
[delay)=cskm3dp(x)
end;

elseif c==0;

disp(Fully static CMOS
logic design style)
disp(: ]
disp(")

ifd==1,

disp(' "

|dday]=-akm 1s(x)
clseif d==2
[dday]=akm2fs(x)
elscif d==3;
[delay]=cskm3fs(x)
else;

[delay]=cskm]f(x)

(dclay}=cskm2fs(x)

(delay)=cskm3fs(x)

end;

disp(Dommo CMOS

logic design style’)
isp('——————")

[delay]=cskm1dm(x)
elseif d==2;
[delay}=cskm2dm(x)
elseif d==3,

[dclay]=cskm3dm(x)
else,
[delay)=cskm1dm(x)

[delay])=cskm2dm(x)

[delay]=cskm3dm(x)

oad:

disp(‘Complementary
pass-transistor logic

dcs:gt style)

disp("

disp("")
ifd==1;

disp(")
[deday]=cskm 1 ep(x)
elscif d==2;
[delay)=cskm2ep(x)
elseif d==3;
[delay)=cskm3cp(x)
else;

[delay]=cskm1cp(x)

[delay)=cskm2cp(x)
[delay]=cskm3cp(x)
ad,

disp(Dual pass-transistor
logic design style")
disp(————ee

disp('")
ifd==1:

]

disp(" )
{delay)=cskm1dp(x)
elscif d==2;
[delay)=cskm2dp(x)
elseif d==3;
[delay)=cskm3dp(x)
else

{delay]=cskmidp(x)
[delay)=cskm2dp(x)
{delay)=cskm3dp(x)
end;

end;

disp(Carry look ahead
adder architecturc’)
disp(—————— )
disp(")

ifc==1;

disp(Fully static CMOS
logic design style)
disp(*———————re
disp(")

ifd==1,

disp(')

disp(')
(delay]=clam1fs(x)
elseif d==2;
{delay]=clam2fs(x)
clseif d==3;
[delay]=clam3fs(x)
else;

{delay)=clam]fi(x)
{delay)=clam2fi(x)
{delay])=clam3fs(x)
end;

dtsp('Dommo CMOS
lqgc design style)



disp(*")
{delay)-clamldm(x)
clsaf d--2;

[delay}- clam2dm(x)
dseif d=+3;
[delay]=clam3dm(x)
else,

[delay]=clam| dm(x)
[deiay)=clam2dm(x)
{delay)=clam3dm{x)
and.

clseif c==3;
disp(‘Complementary
pass-ransistor logic
design style’)

displ )
disp(*")

ifd==1;

disp(")
[delay]=clamlcp(x)
elseif d==2;
(delay)=clam2cp(x)
clscif d==3;
{delay]=clamIop(x)
clse,

[delay]=clam]cp(x)

disp("Dual pass-transistor
logic design style’)

disp(" "
disp(")

ifd==1.

disp(")
(delay]=clam1dp(x)
clseif d==2;

(delay|=clam2dp(x)

elseif d==3,
[delay])=clam3dp(x)
clse:

[delay)=clam1dp(x)
[delay)=clam2dp(x)
{delay]=clam3dp(x)
end,

clseif c==0,

disp(Fully static CMOS
logic design style)
disp(" )
disp(' )

ifd==1.

disp(" ")
[delay)=clam1s(x)
elseif d==2;
(delay]=clam2fi(x)
clseif d==3;
[Bclay)=clam3fs(x)
else.
[delay]=clam1fi(x)
(delay)=clam2fs(x)
[delay}=clam3fi(x)

end;

disp(Domino CMOS
logic design style)
disp("

)

[delay]=clam1dm(x)
clseif d==2;
{delay)=clam2dm(x)
elscif d==3;
[delay}=clam3dm(x)
clsc,

(delay)=clam1dm(x)

{delay]=clam2dnx(x)
{delay]=clam3dm(x)

ispC )

|delay)=clam1p(x)
clseif d==2;
[deday]=clam2cp(x)
clseif d==3;
(delay)=clam3cp(x)
else;
(delay)=clamlcp(x)

{delay]=clam2cp(x)
‘l::;ayl*dam@(x)

disp(Dual pass<transistor

logic design style’)
disp(

disp(* )

if d==1;

disp(")
[delay])=clam1dp(x)

clseif d==2;
[delay]=clam2dp(x)

clseif d==3;
{delay}=clam3dp(x)

else;
(delay)=clam1dp(x)

[delay)=clam2dp(x)
(delay)=clam3dp(x)
end;

end;
disp(‘Conditional sum
adder architecture’)
disp(—————
disp(')

if c==1;

disp(Fully static CMOS

lo'g'c design style)

(ddly’l)mdmlfs(x)
elscif d==12;
{Selay]=cndm2fs(x)
elseif &==3;
(deday]=cndm3fi(x)

else;
[delay)=cndm1fi(x)
(delay)=cndm2£i(x)

177

[Gelay]=andm3fs(x)
end;

elseif 0==2;
disp(Domino CMOS

logic design style’)

disp(
disp(*")
ifd==1;

disp(’ )
[delay)=cndm1dm(x)
elseif d==2;
(delay)=cndm2dm(x)
elseif d==3;
{delay]=andm3dm(x)
else,

[delay])=andm 1 dmy(x)
[delay)=candm2dm(x)
[delay]=andm3dny(x)
end,

elscif c==3;
disp(‘Complementary
pass-transistor logic
design style”)

disp("

disp(")
ifd==1;

disp(')
[delay]=andm1ep(x)
elseif d==2;
[delay]=cendm2cp(x)
elseif d==3,
[delay)=cndm3cp(x)
else;

]

[delay)=andm 1 cp(x)
(delay)=cndm2ap(x)
[delay)=endm3cp(x)
end;

elseif c==4;

disp(Dual pass-transistor
logic design style)
disp(———-—-")

disp(' ")

ifd==1;

disp(')
[delay)=cndmdp(x)
elseif d==2;
[delay)=cndm2dp(x)

clseif d==3;
[delay)=cndm3dp(x)

else,
(delay]=cndm1dp(x)
[delay]=cndm2dp(x)
[delay)=cndm3dp(x)
end;

elseif c==0;

disp(Fully static CMOS
logic design style)

disp("

disp(")

if d==1;

disp(")
[delay]=cndm]fi(x)
elseif d=—2;
[delay]=cndm2fs(x)
elseif d==3,;
[delay]=cndm3fi(x)

else;
{delay]=cndm1fs(x)

(delay]=cndm2fs(x)
[delay)=cndm3fs(x)
and;

disp('Domino CMOS
logic design style’)
disp((————————
disp()

ifd==1;

disp( ")
[delay}=cndm 1 dm(x)

elseif d==2;
[delay)=cndm2dmyx)

elseif d==3;
[delay])=cndm3dm(x)
else;

[delay]=cndm1dm(x)
[delay]=andm2dm(x)
[delay)=cndm3dm(x)
ad;
disp(‘Complementary
pass-transistor logic
design style)

disp("

disp("")

ifd==1;

disp(')
[delay)=cndm 1 op(x)
elseif d==2;
[delay]=cndm2ep(x)
dsaf d==3;
(delay)=cndm3cp(x)
else,

{delay)=andm1cp(x)

[dclay)=cndm2ap(x)
[delay]=ndm3cp(x)
and;

disp('Dual pass-ransistor

logic dezign style)
disp(-——r

disp()

ifd==);

disp(' )
(delay]=cndm1dp(x)
elseif d==2;
[delay)=andm2dp(x)
elseif d==3;
[delay]=cndm3dp(x)
else;

[deday]=andm1dp(x)

[delay]=cndm2dp(x)
{delay)=cndm3dp(x)
end;

end;
end;

)



APPENDIX AS

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{
delay)=clam)dp(x)
format:

p= 0.0002°x"2 +
0.0463%x ~ 1.712;

P

d=8.50E-11,

f x==

n-12

elseif x= =8,

n=16;

clacif x==16;

=20

clacif x=332;

n=24;

clacif x==64;

n=28;

clsc

disp( Adder size not
appropriate’)

aond

1-3.89,
delay=p*d*n°f,

disp(" ")
disp(Propagation delay
for carry look ahead
adder (W=1.8um)dual
pam-transistor logic ,in
scconds, is )

function{
delay]=clamlcp(x)
format,,
p=-0.0002°x"2 +
0.042% + 1.2293;

p

d=8.5¢11;
dx==4

n=12

cseif x==8;
n=16;

claeaf x==16;
a=20,

clseif x==32;
0=24,

clacif x==64;
n=28;

clsc
disp('Adder size not
appropriatc)
end

f=3.25
dclay=p*d*n°f,

disp(" ) o el
fisp(P . ay
for camry look ahead
addexr (W=1.8um)
complamentary pass-
transistor logic ,m
scconds, is )

function(
delay}=clam]dm(x)

format;
p=0.0003%x"2 +
0.0084%x + 2.0007;

P
d=8.5E-11;
if x==4;
n=10
elseif x==8;
n=14;
clacif x==16;
n=18;
elocif x==32,
n=22;
elacif x==64;
n=26;
clse
disp(' Adder sizc not
appropriats)
end
f=3.3;
delay=p*d*n*f
disp(")

i ion delay

disp(Propagation

for carry Jook ahcad
adder

(W= 1.8um)domino
CMOS logic .in seconds,
is)

function{
delayj=clam1fi(x)
format,

p= 4E-05%x"2 +
0.0108%x + 0.7771;

[
d=8.5¢-11;
if x==4
=12

elacif x==8;
n=16;

clacif x==16;
a=20;

elocif x==32;
n=24;

clscif x==64;
n=28;

178

function]
delay)=clam2dp(x)
format;

p= -0.0003%x"2 ~
0.0412%x + 1.5519;

p
d=7.00E-11;
ifx==4
n=12
clseif x==8;
n=16;
clacif x==16:
n=20;
clscif x==32;
n=24;
clseif x==64;
n=28;
clse
disp(’Adder size not
2ppropriale))
end
£=3.89;
delay=p*d*n*f,
disp("’)

i ion delay

for carry look ahead
adder (W=3.6um)dual
pasa-transistor logic .in
seconds, is 1)

function{
delay]=clam2cp(x)
format;
p=-0.0002*x"2 +
0.0327*%x + 1.1219.

P
4=7.0e-11;
ifx==4
n=12
clscif x==8;
n=16;
clseif x==16;
n=20;
elacif x==32;
n=24;
elscif x==64;
n=28;
clae
disp(‘Adder size not
appropriatc)
ad
£=3.25
delay=p*d*n*f,
disp('")

H jon delay

for carry look ahead
adder (W=3.6um)
complamnontary pase-
transistor logic ,in
soconds, i8")

finetion|
delay)=clam2dm(x)
format;

p= 0.0002°%"2 +
0.0057%x + 1.8165;

4
d=7.0E-11;
if x==4;
n=10
clseif x==8;
n=14;
clscif x==16;
n=18;
elacif x==32;
n=22;
clseif x==64.
n=26;
else
disp(’ Adder size not
appropriate’)
od
=3.3.
delay=p*d*n*f;
disp(* )

i won delay

for camry look ahcad
addar
(W=3.6um)domino
CMOS logic ,in soconds,

is')

function{
delay]=clam2fa(x)
format;
p=-4AE05°x"2 +
0.0086°%x + 0.7345;

P

d=Te-11;
dfx==4
n=12

elseif x==8;
n=16;

elscif x==16;
a=20;

elacif x==32;
n=24,

elocif x==64,
n=28;

clse

disp( Adder size nol
appropriate)

od

£=4.66;

adder (W=3.6um) fully
static CMOS logic ,in
seconds, is ")



function|
delay)=clam3dp(x)
format,

p= 0.0003%x"2 +
0.0377% + 1.5723;

P

d~6.00E-11;
dx==4

=12

clacif x==8;
n=16;

clseif x==16;
=20,

claeif x==32;
n=24,

elseif x==64
n=28:;

clse
disp(Adder size not
appropriatc)
end

f=3.89;
dclay=p*d*n®t,
disp(" )

function|
delay)=clam3ep(x)
format,

p= 0.0002°x2 +
0.024% - 1.172T;

P

d=6c-11,

if x==

=12

clseif x==8;
n=16;

dseif x==16;
0=20;

claeif x==32;
n=24;

clacif x==
n=28;

elac
d:q;('Mda size not

£=3.25

function{
deday)=clam3dm(x)
format,
p=0.0001°x"2 +
0.0031%x + 1.8349;

P
d=6.0E-11,
f x==4;
n=10

clseif x==8;
n=14;

clecif x==16;

adder (W=6um)domino
CMOS logic .in acconds,
s

fanction{
delay)=clam3dm(x)

format;
p=0.0001%x~2 +
0.0031%x + 1.8349,

P
d=6.0E-11;
ifx==4,
n=10

clacif x==8;
n=14;

elseif x==
=18,

elocif x==32;
=22,

clscif x==64;
n=26;

format;,
p= IE-04*x"2 +
0.0009*x + 0.8327,

4

d=8.5E-11;

if x==4;

n=11;

clscif x>4;
a=11+(((x/4)-1)*3)
end;

5.2,
delay=p*d*n*f,
disp(")

disp(Propagation delay
for conditional sum
addex (W=1.8um)dual
pass-transistor logic ,in
seconds, i)

function{
delay]=cndm cp(x)
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format;
p=-2E-05°x"2 +
0.0311%x + 0.9936:

P

d=8.5¢11;

if x==4;

n=11;

clseif x>4;
a=11+({(x/4)-1)*3)
end;

f=3.11;
delay=p®d®nf,
disp('")

i delay

disp('Propagation
for conditional sum
adder (W=1.8um)
enmphnmurypm
transistor logic .in
scconds, i87)

function]
delayl=endm 1dm({x)
format;

p= -0.0003%x"2 +
0.0862%x + 1.6198;

P

d=8.5¢11;

fx==4;

n=10;

clacif x>4;
n=10+(((x/4)-1)*2).

function{
delay}=cndm 16(x)
format;
p=-3E05°x"2 +
0.0093*x + 1.2239.

P

d=8.50-11;

if x==

n=10

clscif x>4;
a=10+((x/4)-1)"2;
end

£=5.82;
delay=p*d*n*f,
disp(*)

adder (W=1.8um) fully
static CMOS logic .in
seconds, is *)

function{
delsy}=endm2dp(x)
format;

p=6E-05%2 -
0.0006% + 0.71;

P
d=7E-11;
fx=<4;
n=11;
clacif x>4;

n=11+(((x/4)-1)*3)
end;

£=5.2

delay=p®d®n*f,

disp(' )
disp(Propagation delay
for conditional sum
adder (W=3.6um)dual
pass-transistor logic .in
scconds, is )

function]
delay)=endm2cp(x)
format;
p=-9E-05°x*2 +
0.0248%x + 0.8423;

P

d=Te-11;

dx==4;

n=ll;

clacif x>4;
n=11+(((x/4)-1)*3)
end;

=3.11;

adder (W=3.6um)
complamentary pass-
transistor logic ,in
soconds, is %)

function]
delay]=cndm2dm(x)

format,
p= -0.0003%x~2 +
0.059*x + 1.6504;

p

d=T0-11;

ifx==4;

n=10;

elscif x>4;
n=10+(((x/4)-1)*2);
ond;

~2.77;
delay='p‘d‘n‘f

dxq)(‘hopagwon delay
for conditional sum
adder
(W=3.6um)domino
CMOS logic ,in scconds,
LY

function]
delay)=cndm21fis(x)

format;
p= 4E0T*x"2 +
0.0037*x + 1.1322;

P

d=7e-11;

ifx==4

n=10

clscif x>4;
n=10+((x/4)-1)*2;
end

£=5.82,
delay=p*d*n*f
disp(")
disp(Propagation delay
for conditional sum
adder (W=3.6um) fully



static CMOS logic .in
seconds, 15 7)

function|
delay)=andm3dp(x)
format;

p~6E-05°x"2 -
0.0019*x + 0.7166:

P

d<6.00E-11;
dx--4.

n=11;

clacif x>4,

0= 11+(((x/4)-1)*3)
ond,

function]
delay}=endm3cep(x)
format;

p= -0.0002°x"2 +
0.028*x - 0.8234;

p

d=60-11;

fx==

n-11;

elscif x>4;
n=11+(((x/4)-1)*3)
end;

f=3.11;

p= -0.0003°x"2 +
0.0494%x + 1.6615;

P

d=6c-11;

if x==4;

0=10;

clecif x>4;

0= 10+(((x/4)-1)*2);

function|
delay)=endm3fa(x)
format;

p= 2E-05°x"2 + 0.001%x
- 1.1277;

4

d=6e-11;

if x==4

a=10

clacif x>4;
n=10+((x/4)-1)*2;
ond

£=5.82;
delly‘p'd‘n‘f.

adder (W=6um) fully
static CMOS logic ,in
saconds, 187

function{
delay)=crimldp(x)
format;

p= 0.0004%x"2 +
0.0732% + 1.1767;

|4

d=8.5E-11;

if x==4;

n=20,

elacif x>4;
0=16+(((x/4)-1)*4)

ond;
f=2.63,
delay=p®d*n°f.
disp(’ )
i delay

disp('Propagation
for carry sclect adder
(W=1.8um)dual pass-
transistor logic i
scconds, is )

function|
delayjeertmlcp(x)
format;

p= 0.0003°x"2 +
0.0592%x + 0.9414;

4

d=8.5E-11;
ifx==4,

0=17;

cducif x>4,

a=13+(((x/4)-1)°4)
end;

=2.66;
delay=p*d*n°*f,

dim()
disp('Propagation delay
for carry scloct adder
(W=1.8um)
complementary pass-
transistor logic ,in
scconds, is")
function{
delay}=crbm1dm(x)
format:

p=-TE-05°x"2 +
0.0436% + 1.2572;

p

d=8.5E-11;

if x==4;

a=20;

clscif x>4;

0=16+(((x/4)-1)*4);
end;

=3.21;

delay=p*d*n°f,
disp(*)
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disp(Propagation dclay
for carry sclect adder
(W=1.8um)domino
CMOS logic ,in scconds,
is)

function(
delay)=crim1fs{x)
format,

p= 0.0003*x"2 «
0.0353%x + 0.9831:

P

d=8.5¢-11;

if x==4

n=10

elaeif >4,
a=8+{(x/4)-1)*4;

{W=1.8um) fully static
CMOS logic ,in scconds,
is)

function|
dclay}=erim2dp(x)
format;

p= -0.0003°x"2 +
0.0522%x + 1.1804;

p

d=7E-11;

if x==4;

n=20;

elscif x>4;

n=16+{((x/4)-1)*4)
end;

f=2.63;

delay=p*d*n°*f.

disp( )
disp(Propagation delay
for carry sclect adder
(W=3, 6urn)dnal pasy
transistor logic .in
seconds, is )

function]
delay)=crim2cp(x)
format,

p= -0.0004°x"2 +
0.0554%x + 0.8059;

4

d=TE-11;

if x==4;

n=17,

clocif x>4;
n=13+({(x/4)-1)*4)
end;

function{
delay]=crim2dm(x)
format,

p=-0.0001°x"2 -
0.0371°x + 1.2016;

P

d=7E-11;

ifx==4;

n=20;

clacif x>4;
n=16+(((x/4)-1)*4);
end;

=3.21;

function{
delay)=crim2fs(x)
format.

p= -0.0002%x"2 +
0.0225%x + 0.9893,

P

d=Te11;

if x==4

=10

clecif x>4;
n=8+((x/4)-1)"4,
ond

=4,

delay=p*d®n°f,

disp(' )
disp('Propagation delay
for carry scloct adder
(W=3.6um) fully static
CMOS logic .in scconds,
is")

function|
delay)=crim3dp(x)
format;
p=-0.0004°x"2 +
0.0482°x + 1.2128;

s=6.005-l I;
ifx==4;

n=20;

elscif x>4;
0=16+(((x/4)-1)*4)
ad;

=2.63;
delay=p*d*n°f.

function|
delay}=crim3cp(x)
format;

= -0.0004%x72 +
0.0478°x + 0.8456;

P

d=6E-11;

if x==4;

n=17,

clacif x>4;
a=13+(((x/4)-1)*4)
end;

f=2.66,



seconds, is )
function]
delsy}=ertm3dm(x)
format;

p~ -0.0002%x"2 +
0.0354%x + 1.1928;

P

d=6E-11;

dx==4;

B=20;

clacif x>4;

0= 16+(((x/4)-1)*4);
end;

£=3.21;
delsy=p®d*n*t,

dip()
disp(Propagation delay
for carry sclect addar
(W=6um)omino
Q;DS logic ,in scconds,
-

function|
delayfarbn3fa(x)
format;

p= 0.0001°c2 +
0.0157%x + 0.9877;

P

d=6¢c-11;

f x==4

=10

clecif x>4;
B=8+((x/4)-1)°4;

function{
delsy)=cskm 1dp(x)
format,

p= -0.0003°x*2 +
0.0551°x + 1.4782,

4

4=8.5E-11;

if x=2=4,

=19,

clacif x>4;
n=]19+(((x/4)-2)*4)+ 16

functioaf
delay)=cshom 1ep(x)
format;

p= -0.0002°x"2 +
0.0497*x + 1.384;

p

d=8.5E-11;

fx==4,

n=16;

clacif x>4;

= 16+(((x/4)-2)*4)+10
ad;

f=2.36;
delay=p*d*n®f,

disp(')

fisp(P ioa delsy
for carry skip adder
(W=1.8um)
transistor logic ,in
scconds, is ")

fanction{
delay)=cskom 1dm(x)
format;

p= -TE-05%x"2 +
0.0317°x + 1.5844;

p

d=8.5E-11;

if xo=4;

n=20;

clacif x>4;
0=20+{((x/4)-2)*4)+18;

function]
delay)=cskm 1 fa(x)
format;

p=-3E-05°x"2 +
0.0093°x + 1.2239;

P

d=8.50-11;

ifx>4
n=(12)H(((x4Y4)
1)%4)+10;

clsc

n=12;

end

f=3.27;

delay=p*d*n*f,
disp("")

n
disp(Propagation delay
for carry skip adder
(W=1.8um) fully static
Q.)DSlogic.inmd&
-

fanction]
delay]=cskm2dp(x)
format;

p= 0.0002°x"2 +
0.0365% + 1.3278;
[ 4

d=TE-11;
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if x==4;

n=19,

clecif x>4;
0=19+((x/4)-2)°4)+16

scconds, is ")

function|
delayj=cskm2cp(x)
format;

p=-0.0003°x"2 +
0.03%4%x + 1.2139,

p

d=TE-11;

f x==4;

a=16;

clscif x>4;

n=16+(((x/4)-2)*4)+10
end;

f=2.36;

function]
delay)=cskmn2dm{x)
format;

p=-TE-05°x"2 +
0.0317*x + 1.5844;

P

d=7E-11;

fx==4;

no20;

clacif x>4;
=20+{((x/4)-2)*4)+18;

end;

=242,
delay=p*d*n°*f
disp(')

function{
delay)=cskm2£s(x)
format;

p= 4E-07°x"2 +
0.0037*x + 1.1322;

P

d=7e11;

ifx>4
a=(12)H{((x-4)4)-
1)*4)+10;

clse

n=]2

end

£=3.27,
delay=p*d®n°*f,
disp(')

(W=3.6um) fully static
CMOS logic ,in scconds,
8"

finction]
delay]=cakm3dp(x)
format;

p= -0.0002%x"2 +
0.0386% + 1.3203;

P

d=6.00E-11;

fx==4;

n=19,

elscif x>4;
0=19+{((x/4)-2)*4)+ 16
end;

p= -0.0003%x"2 +
0.0374% + 1.2156;

p

d=6E-11;

if x==24;

n=16;

clscif x>4;
0=16+(((x/4)-2)*4)+10
end;

£=2.36;

delay=p*d*n°f,

disp(’' )
disp(Propagation delay
for carvy skip adder
(W=6um)
complementary pas-
transistor logic ,in
soconds, is)

function]
delay}=cskm3dm(x)
format,

p= -9E-05°x"2 +
0.0193%x + 1.4817;

P

d=6E-11;

fx==4;

0=20;

clscif x>4;

0= 20+{((w/4)-2)°4)+ 18;
ond;

£2.42;
delay=p*d*n*f,
disp(' )

disp(Propagation delay
for carry skip adder
(W=6um)domine
CMOS logic ,in seconds,
"

function|
dolay]=cekm36i(x)



format;
p:2E05%"2 - 0.00]°x
- 1.1277,

p

d-60-11;
fx>4
n=(12)~((((x-4y4)-
1)°4)+10;

else

n=12

ond

f-3.27,
dclay=p*d*n°f.
disp(" )

n
disp('Propagation delay
for carry skip adder
(W=6um) fully static
CMOS logic .in scconds,
LY

function]
dclay]=rcam1dp(x)
format.

p= 0.0002°x°2 ~
0.0286%x + 1.6153,

P

d=8.5E-11;

n=(x*4),

f=2.42;
dclay=p®d*n°f,

disp(* )
disp(Propagation dclay
for ripple carry adder
(W= ].8am)duval pasa-
transistor logic ,in
scconds, is )

function]
delay]=Tcam1cp(x)
format;

p> 0.0002°x"2 ~
0.0272%x - 1.1184:

4
d=8.5E-11:
n=(x*3)~1
f=2.66;

for ripple carry adder
(W=1.8um)
transistor logic ,in
seconds, is )

function|
delay)=rcam1dm(x)
format;

p= -0.0001%x"2 +
0.0343% + 1.8295;

P
d=8.5E-11:
n=x*4,

function{
delay)=ream1fs(x);
format,

p=-0.0002°%"2 +
0.0438% + 1.5221.

P

d=8.5E-11;

n=2%c

f=3.11;
delay=p®d*n°f,

disp("")
disp(Propagation delay
for ripple carry adder
(W=1.8um) fully static
CMOS logic .in scconds,
8')

function|
delay)=rcam2dp(x)
format;

p> -SE-054x"2 +
0.0127%x + 1.5937,

p
d=TE-11;
n=(x*4);
=242,

p= SE-05°x"2 +
0.0094°x + 1.1236;

| 4
d=TE-11;
n=(x*3)+1
£=2.66;

for ripplc carry adder
(W=3.6um)
complementary pass-
transistor logic ,in
sccondy, is )
function{
delay)=rcam2dm(x)
formal;

p= -0.0001°x"2 +
0.0221%x + 1.7415;

P
d=TE-11;
n=x%4;

182

p= 0.0002°x "2 «
0.0321°x + 1.4721;

4

d=7c-11;

n=2%;

f=3.11;
delay=p*d®n°f,

disp(""
disp(Propagation delay
for ripple carry adder
(W=3.6um) fully static
CMOS logic .in seconds.
i)

function|
delayl=rcam3dp(x)
format;

p= -1E-04%x"2 +
0.0152%« + 1.5436:

4
d=6.00E-11:
n=(x*4);
=242,

format;,
p= -9E-06%x"2 +
0.0102%x + 1.1071;

p

d=6E-11;

n=(x*3)+1

f=2.66;
delay=p*d*n*f.
disp("")
disp(Propagation dclay
for ripple carry adder
(W=6um)
complementary pass-
transistor logic .mn
seconds, is )

function]
delay)=rcam3dm(x)

format;
p=-0.0001°x"2 4
0.0183*x + 1.7377.

P
d=6E-11;
n=x*4;
=244,
dclay=p*d*n*f,
disp(* )
i ion delay

for ripple carry adder
{W=6um)dommno
CMOS logi¢ ,in seconds,
is')

function(
delayj=rcam3fs(x),
format;
p=+0.0002°x"2 +
0.0288%x + 1.4523,

P
d=6e-11:

n=2%:.
=311
delay=p*d*n*f.

disp(Propagation delay
for ripple carry adder
(W=6um) fully static
CMOS logic .in scconds,
is7)



APPENDIX A6

Output of the program listed in Appendix A1 with the input as given below:

Input—>

LA I 222 2222 L 2 A2 22 222 222322 222222 12T 2 2222232223222 1218 2]

*

(Adder size) -—---—--—- x =52
(Adder architecture)--- b =0
(Logic design style)—~- ¢ =0
(Transistor size)-~------ d =0

(52-bit)

(for all five adder architectures)
(for all four logic design styles)
(for all three transistor sizes)

(RIS TSI 2 22212 2R At IS S 22231 P IS I E RLRfs12 22122ty 2

*

Propagation delay results

Ripplc carry sdder Propagation Delay for

architecture ripple carry adder
(W=3.6um) Domino

Fully static CMOS logic
design style

Propagation delay for
rippic carry adder
(W=1.8um) fully static
CMOS logic ,in scconds,

18
delay =
8.9246¢-008

Propagation dclay for
ripple carry adder
(W=3.6um) fully static
_CMOS logic ,in scconds,
is

delay =
5.73220-008

Propagation delsy for
ripple carry adder
(W=6om) fully static
CMOS logic ,in scoonds,
is

delay =
4.62730-008

Domino CMOS logic
design stylo

Propagation Delay for
rippic carry adde
(W=1,8um) Domino
CMOS logic ,in seconds,

s
dclay =
1.3775¢-007

SZMOSIog'c.inmonds,

is
delay =
9.04340-008

Propagation Delay for
ripple carry adder
(W=6um) Domino
FMOS logic ,in seconds,
is

delay =
7.16480-008
Complementary pass-

transistor logic design
style

Propagation Delay for
ripple carry adder
(Ws=1.8um)
Complemontary pas-
transistor CMOS logic
»in scconds, is

delay =
7.3779¢-008

Propagation Dclay for
ripple carry adder
{We=3.6um)
Com?lw-y pam-
transistor CMOS logic
Lin scconds, is

delay =

$.14650-008

Propagation Delay for
ripplo carry adder
(W=6um)
Complementary pass-
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transistor CMOS logic
,in scconda, is

delay =
4.04270-008

Dual pass-transistor
logic design style

Propagation Delay for
ripple carry adder
(W=1.8um) Dual pass-
transistor CMOS logic
.in seconds, is

delay =
1.09280-007

Propagation Delay for
ripple carry adder
{W=3,6um) Dual pas-
transistor CMOS logic
.in seconds, is

delay =
7.43920-008

Propagation Delsy for
ripple carry adder
{W=6um) Dual pass-
transistor CMOS logic
,in soconds, is

delay =

6.1608¢-008

Carry sclect adder
architecture

Fully static CMOS logic
design style

Propagation Delay for
carry sclect adder
(W=1.8um) fully static

CMOS logic .in scconds,
is

dclay =
3.7824c-008

Propagation Delay for
carry sclect adder
(W=3.6um) fully static
CMQOS logic ,in scconds,
is

delay =
2.52550-008

Propagation Delsy for
carry select adder
(W=6um) fully static
CMOS logic ,in scconds,
is

delay =
2.03760-008

Domino CMOS logic
design style

Propagation Delay for
carry sclect adder
(W=1.8um) Domino
CMOS logic ,in scconds,

18
delay =
6.20650-008

Propagation Delay for
carry sclect adder
(W=3.6um) Domino
CMOS logic ,in scconds,
is

delay =
4.0063¢c-008



Propagation Delay for
carry sclect adder
(W=6um) Domino
CMOS logic ,in scconda,
is

Propagation Dclay for
carry seloct adder
{(W=6um) Dual pass-
transistor CMOS logic
.in seconds, is

delay =
2.69730-008

Carry skip adder
architecture

Fully static CMOS logic
design style

Propagation Delay for
carry skip
adder(W=1.8um) fully
static CMOS logic ,in
scconds, is

delay =

3.03220-008

Propagation Delay for
carry skip
adder(W=3.6um) fully
static CMOS logic ,in
scconds, is

delay =

2.04250-008

Propagation Delsy for
carry skip adder
(W=6um) fully static
CMOS logic ,in scconds,

Propagation Delay for
carry skip adder .
(W=1.8um) Damino
CMOS logic ,in scconds,

is
delay =
$.24320-008

Propagation Delsy for
carvy skip adder .
(W=3.6um) Domino
SZMOS logic ,in scconds,
1

delay =

184

3.4845¢-008

Propagation Delay for
carry skip adder
(W=6um) Domino
CMOS logic ,in seconds,

is
delay =
2.72380-008

Complcmentary pass-
tranzistor logic design
style

Propagation Delay for
carry skip adder
(W=1.8um)
Complemeniary pass-
transistor logic ,in
scconds, is

delay =
4.60100-008

Propagation Delay for
carry skip adder
(W=3.6um)
Complementary pass-
transistor logic,in
scconds, is

delay =
2.7703¢0-008

Propagation Delay for
carry skip adder
(W=6um)
Complementary pass-
transistor logic ,in
scconds, is

delay =
2.36500-008

Dual pass-transistor
logic design style

-Pmpagdion Delay for
carry skip adder
(W=1,8um) Dual pass-
trapsistor logic ,in
aoconds, is

delay =
5.75140-008

Propagation Delay for
carry skip adder
(W=3,6um) Dual pas-
transistor logic ,in
scconds, is

delay =

3.7404c-008

Propagation Delay for
casry akip adder
(W=6um) Dual pass-
transistoc logic ,in
seconds, is

delay =
3.2325¢-008

Carry look shead adder
architecture

——

Fully static CMOS logic
design style

Propagation Delay for
carry look ahead adder
(W=1.8um) fully static
CMOS logic ,in scconds,
is

delay =

1.32070-008
Propagation Delay for
carry look ahead adder
(W=3,6um) fully static
CMOS logic ,in scconds,
is

delay =

9.6977c-009

Propagation Delay for
carry look ahesd adder
(W=6um) fully static
CMOS logic ,in seconds,
18

delay =
7.85710-009

Domino CMOS logic
design style

Propagation Delay for
carry look ahcad adder
{W=1.8um) Damino
CMOs logic ,in scconds,
is

delay =

2.26340-008
Propagation Delay for
carry look shead adder

(W=3,6um) Domino
CMOS logic ,in seconds,
is



1.49900-008

Propagation Dclay for
carry look zhead adder
{W=6um) Domino
CMOS logic ,in scconds,

delay =
1.21200-008

Conplementary pase-
transistor logic design

Propagation Delxy for
carry look ahcad adder
(W=1.8om)
Caqﬂmy_p»
transistor Jogic .in
soconds, is
delay =

2.07640-008
Propagatian Delay for
carry look ahead adder
(W=3.6am)
transistor logic ,in
scconds, is
declay =

1.39950-008
Propagation Delay for
carry look ahcad adder
(W=6um)

transistor Jogic .in
scconds, is

1.04030-008

Dual pass-tranzistor
logic design stylo

Propagation Delay for
carry look abead adder
(W=6um) Dual pass-
transistor logic ,in
scconds, is

delay =
1.77200-008

Conditional szn adder
architocture

Ful!y static CMOS logic
design style

Propagation Delay for
conditional sum adder
(W=1.8um) fully static
CMOS logic ,in scconds,

is
delay =

4.7212:-008
Propagation Delay for
conditional sum adder
(W=3,6um) fully static
_CMOS logic ,in scconds,
is
delay =

3.04180-008

Propagation Delay for
conditional sym adder
(W=6um) fully static
CMOS logic ,in scconds,
is
delay =

2.5020e-008

Domino CMOS logic
design style

Propagation Delay for
conditional sum adder
(W=1,8um) Domino
CMOS logic ,in scconds,
is

delay =

4.1000c-008
Propagation Delay for
conditional sum adder
(W=3.6um) Domino
CMOs logic ,in scconds,
is
delay =

255130008
Propagation Delay for
conditional sum adder
(W=6um) Domino
CMOS logic ,in scconds,
is
delay =

1.93120-008

Complementary pam-
transistor logic design
style

Propagation Delay for
conditional sum adder
(W=1.8um)
Complementary pas-
transistos logic ,in
soconds, is

delay =
3.09650-008

Propagation Delay for
conditional sum adder
(W=3,6um)
Complementary pass-
transistor logic ,in
soconds, is

delay =
1.8880c-008

Propagation Delay for
conditiona] sum adder
(W=6um)
Complementary pass-
trannistor logic ,in
soconds, is

delay =
1.50890-008

Dual pas-transistor
logic design style

Propagation Delay for
conditiooal sum adder
(W=].8um) Dual pase-
transistor logic ,in
soconda, is
delay =

2.38150-008
Propsgation Delay for
conditional sum adder
(W=3.6um) Dual pase-
transistor logic ,in
soconds, is
delay =

1.43210-008
Propagation Delay for
conditional surn adder
(W=6um) Dual paze-
transistor logic ,in
seconds, is
delay =

1.14170-008



Energy consumption results

Ripple carry adder
architecture

Fully static CMOS logic
design style

Energy consumptioa for
ripplc carry adder
(W=1.8um) fully static
CMOS logic ,in Joules,
is
cnergy =

8.58930-010
Energy consumption for
ripplc carry adder
(W=3.6um) fully static
CMOS logic ,in Joules,
1
Cencrgy =

1.0500c-009

Enagyconsmpuon for
(W=6am) fully static
CMOS logic ,in Joulcs,

1.3601¢-009

Domino CMOS logic
design style

Energy consumption for
tipplc carry adder
(W=1.8um) Domino
CMOS logic ,in Joules,
is

204210009
Eng-gy consumption for

(W=3.6um) Domino
CMOSIosw,mklﬂﬁ-

2.82880-009

Encrgy consumptioa for
ripple carry adder
(W=6um) Domino
CMOS logic ,in Joules,
is

3.84030-009

Complementary pass-
transistor logic design
style

Encrgy consumption for
ripple carry adder
(W=1.8um)

transistor logic ,in
Joules, is

1.28320-009

Encrgy consumption for
ripple camy adder
(W=3.6um)

transistor bogic .in
Joules, is

1.75180-009

Energy consumplion for
ripple carry adder
(W=6um)

transistor logic ,in
Joules, is

2.28330-009

Dual pase-transistor
logic design style

Energy consumption for
ripple carry adder
(W=1.8um) Dual pass-
transistor Jogic ,in
Joules, is

1.34470-009
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Encrgy consumption for
ripple carry adder
(W=3.6um) Dual pass-
transistor logic .in
Joules, is

cncTgy ©
1.8712¢-009

Energy coasumption for
ripple carry adder
{(We6um) Dual pase-
transistor logic ,in
Joules, is

energy =
2.4959¢-009

Carry sclect adder
architecture

Fully static CMOS logic
design style

Energy consumption for
carry seloct adder
{W=1,8um) fully atatic
FMOS logic ,in Joules,
is

energy ©
1.3080e-009

Encrgy consumption for
carry sclect adder

(W=3,6um) fully static
CMOS logic ,in Joulcs,
is

coergy =
1.81920-009

Encrgy consumption for
carry scloct adder
(W=6um) fully static
?MOS logic ,in Joules,
is

coergy =
2.74000-009

Domino CMOS logic
design style

Energy consumption for
carry scloct adder

(W=1.8um) Domino
CMOS logic ,in Joules,
is

encrgy =
3.64880-009

Encrgy consumption for
carry seloct adder
(W=3.6um) Domino
CMOS logic ,in Joules,
1

encrgy =
5.2619¢-009

Energy consumplion for
carry sclect adder
(W=6um) Domino
CMOS logic ,in Joules,

7.47840-009

Complcnmy pase-
ay’mdcr logic design
e

Encrgy consumption for
carry sclect adder
(W=1.8um)
Complementary pas-
transistor logic ,in
Joules, is

1.8833¢-009

Energy consumption for
carry scloct adder
(W=3.6um)

transistor logic ,in
Joules, is

2.4749¢0-009

Energy consumption for
cary seloct adder



(W=6um)
Complementary pass-
transistor logic .in
Joulcx, is

energy =
3.2131c-009

Dual paws-transistor
logic design style

Encrgy consumption for
carry sclect adder
(W=1.8um) Dual pass-
transistor logic ,in
Joules, is

2.56550-009

Energy consumption for

(W=3.6um) Dual pas-
transistor logic ,in
Joules, is

3.4837¢-009

Encrgy consumption for
carry scloct adder
(W=6um) Dual pass-
tramsistor logic ,in
Joules, is

5.0097¢-009

Carry skip adder
architecture

Fully static CMOS logic
design style

Encrgy conmumption for
carry skip adder

(W=1.8um) fally static
CMOS logic ,in Joulcs,

is
energy =
9.7174c-010
Encegy consamption for

carry skip addex
(W=3.6um) fully static

CMOS logic ,in Joules,
is

cocxrgy =
1.26060-009

Energy consumption for
ip adder

carry skip
(We6um) fally static
CMOS logic ,in Joules,

Encrgy consumption for
carry skip adder
(W=1.8um) Domino
CMOS logic ,in Joules,
is

231190009

Encrgy coamumptioa for
carry skip adder
(W=3.6um) Domino
CMOS logic ,in Joules,

is
encrgy =
3.20180-009

Encrgy consimption for
(W=6um) Domino
CMOS logje ,in Joules,

is
cacrgy =
4.37910-009

Complementary pase-
tracsistor logic decign

Energy consumption for

(W=1.8um)
Com?!wuypas-
Joulcs, is

1.87330-009
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Encrgy consumption for
carry ekip adder
(W=3.6um)
Complcmentary pass-
transistor logic ,in
Joules, is

CnCTgyY =

2.46190-009

Eaergy consumption for
carry skip adder
(W=6um)

tranmigtor logic ,in
Joules, is

energy =
3.49420-009

Dual pass-transistor
logic design style

Energy consumption for
carry skip adder
(W=1.8um) Dus pas-
transistor logic ,in
Joules, is

1.84600-009

Energy consumption for
carry skip adda
(W=3.6um) Dual pass-
transistor logic ,in
Joules, is

2.4607-009

Energy consumption for
carry skip adder
(W=6um) Dual pass-
transistor logic ,in
Joulcs, is

4.10740-009

Canry look ehead adder
architocture

Fully static CMOS logic
design stylo

Energy consumption for
carry look ahcad adder

(W=1.8um) fully static

CMOS logic ,in Joules,
is

conergy =

8.7103¢-010

Energy consumption for
carry look ahcad adder

(W=3.6um) fully static
FMOS logic ,in Joules,
is
cnergy =

1.17010-009

Encrgy consumption for
carry look shead adder
(W=6am) fully static
CMOS logic ,in Joules,
is

encegy =
1.5493c-009

Domino CMOS logic
design style

Enecrgy consumption for
carry look ahead adder

(W=1.8um) Domiino
CMOS logic ,in Joules,
is

encrgy =
2.18900-009

Energy consumption for
carry look ahoad adder

(W=3.6um) Domino
CMOS logic ,in Joules,

3.02740-009

Encrgy consumption for
carry look ahcad adder

(W=6um) Domino
QMOS logic ,in Joules,
is

coergy =

4.16870-009



Complementary pass-
transistor logic design

Encrgy consumption for
carry look shead adder

(W=1,8um)
Complementary pass-
transistor logic ,in
Joules, is

gy =

2.9752¢-009

Encrgy consumptioa for
carry look ahead adder
(W=3.6um)
Complementary pass-
transistor logic .in
Joules, is

anergy =

3.97280-009

Encrgy consumption for
carry look abead adder
(W=6um)
Complementary pass-
Joules, is

5.5281e-009

Dual pass-transistor
logic design style

Encrgy consumption for
carry look ahcad adder

(W=1.8um) Dual pass-
transistor logic ,in
Joules, is

1.77260-009

Encrgy consurnption for
carry look shead adder
(W=3.6um) Dua! pasms-

transistor logic ,in

Joules, is

GncTRY =
2.33850-009

Energy consumption for
carry look ahead adder

(W=6um) Dual pass-
transistor logic ,in
Joules, is

encrgy =
3.14800-009

Conditional sum adder
architectize

Fully static CMOS logic
dezign style

Encrgy conammption for
conditional sum adder

(W=1.8um) fully static
CMOS logic ,in Joules,

1.71980-009

Encrgy coasumption for
conditional sum adder
(W=3.6um) fuily static
CMOS logic ,in Joules,

2.44690-009

Encrgy consumption for
conditiona) sum adder
(W=6um) fully static
CMOS logic ,in Joules,
is

3.30030-009

Domizo CMOS logic
design style.

Energy consumption for
conditional sum adder
(W=1.8um) Domino
CMOS logic ,in Joules,
is

energy =

2.3464¢-009

Energy consumption for
conditional sum adder
{W=3.6um) Domino
CMOS logic ,in Joules,
is

CnETgy =
3.4549¢-009

Encrgy consumption for
conditional sum adder
(W=6um) Domino
CMOS logic ,in Joules,
is

encrgy =
4.92000-009
Complementary pase-

transistor logic design
style

Encrgy consumption for
conditional sum adder
(W=1.8um)
Complementary pass-
transistor logic .in
Joules, is

1.45280-009

Encrgy coasumption for
conditional sum adder
(W=3.6um)
Complementary pass-

transistor logic ,in

Joules, is

energy =
1.86830-009

Encrgy consmmption for
conditional sum adder
(W=6um)
Complementary pass-
transistor logic ,in
Soules, is

energy =
2.54000-009

Dual pass-transistor
logic design style

Energy consumption for
conditional sum adder
{(W=1.8um) Dual pass-
transistor logic ,in
Joules, is

energy =

1.71080-009

Energy consumption for
conditional sum adder
{(W=3.6um) Dual pass-
transistor logic ,in
Joules, is

cncrgy =
2.04030-009

Encrgy coasumption for
Conditional ston adder
(W=6um) Dual pass-
transistor logic ,in
Joules, is

272510009



Output of the program listed in Appendix A1 for listing of adder designs satisfying

the delay and energy constraint.

Input—>

(22312 F 22222222 222 2222 222 22 22 22 2222 222l ittt ittt ittty d]

*

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

TSI IR IR RSS2 A2 22 22 224222 22 R2 2 222 22 2R R R R AR 222 AR 222 2R R 22 R 22t 2t

L

delay =
1.91240-008

Arschitectare=
Carry sclect
adder

Channel width=
3.6um

Logic design
stylc= Fully
siatic logic

delay =
1.5219¢-008

Architectare=
Caxvy select
adder

Chazmne) width=
6um

Logic design
aylo- Fally
static logic

delay =
2.25350-008

Architecture=
Cazry select
adder

Channel width=
Sum

Logic design
style= Domino
CMOS logic

delay =
2.0103¢-008

Carry select
adder

delay =
1.78380-008

Architecturo=

Carry look ahead

Channel width=
1.8um

Logic design
styles

pam-tansisior
logic

delay =
2.37182-008

Architocture=
Carry skip adder
Channel width=
1.8um

Logic design
style= Fully
static logic

delay =
2.37180-008

Architecturc=
Canry skip adder
Channel width=
3.6um
Logic design
style= Fully
satic logic
delay =
2.2155¢-008
Architocture=
Carry skip adder
Channcl width=
6um
Logic design
style= Domino
CMOS logic
delay =

3.4427¢-008

189

delay =

2.1842:-008
Architecture=
Carry skip adder
Channe] width=
3.6um

delay =
2.1842¢-008
Architecture=
Carry skip adder
Channel width=

delay =
2.2631¢-008
Architecture=

Conditional sum
adder

Channcl width=
3.6um

Logic design
sylce Fully
static logic

delay =
1.83340-008

Architocture=
Conditional sum
adder

Chasne! width=
6um

Logic design
style= Fully
static logic

delay =
1.89930-008

Architecture=
Conditional sum
adder

Channel width=
3.6um

Logic design
gtyle= Domino
CMOS logic

delay =
2.19610-008

Architocture=

Conditional sum

adder

Channcl width=
1.8um

Logic design

style=

Complementary

pass-transistor
logic



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
SRS EBESESRR B SRS S SRR A S SRS RSP RSB R R R R R R Rk R R BREFR R PR E )

%

encrgy =

2.833980-009
Architecture= Ripple cary adder
Channel width= 6om

Logic design style® Domino CMOS logic

energy =

3.3209c-009

Architocture= Carry scloct adder

Chaone width= 6um

Logic design style= Complementary pass-transistor logic
encrgy ©

3.08650-009

Architectures Carry look ahead adder

Channel width= 6um

Logic design style= Domino CMOS logic

nergy =

2.85830-009

Architecture= Carry Jook ahead adder
Cln‘nnd\\idthB.&n . .
Logic desipn style= Complementary pass-tansistor logic
encTgy =

3.21190-009

Architecture= Carry skip adder

Channe] width= 6um

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/))=1.8pm and fully static logic design style.

4-bit Rippl L

C1 b0 026.7041FF

C2 1125 0 6.82344FF

C3 1112 06.12144FF

C4 US/cmosinvl _2/out 0 17.4247FF
C5 US/rcacartyc_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

C10 1027 0 2.82528FF

C11 1021 0 5.65056FF

C12 a2 0 18.1876FF

C13 968 0 22 4266FF

C14 958 0 9.97272FF

C15 951 0 10.8302FF

C16 947 0 10.3594FF

C17 cin 0 15.9473FF

C18 898 0 22.4266FF

C19 893 0 9.97272FF

C20 881 0 10.8302FF

C21 878 0 10.3594FF

C22 a0 0 25.1806FF

C23 USkca_si_l/pic 0 19.224FF

C24 US5/rca_pi_1/pi 0 37.35FF

C25 799 0 6.82344FF

C26 788 0 6.12144FF

C27 US/rca_pi_l/aic 0 22.1227FF
C28 767 0 22.0446FF

C29 765 0 18.8658FF

C30 US/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

C35 b2 0 20.1195FF

C36 632 0 6.12144FF

C37 U6/cmosinv]_4/out 0 18.0436FF
C38 U6/cmosinvl _3/out_1 0 23.9501FF
C39 559 0 6.12144FF

C40 U2/rcafulladder_3/coc 0 38.2752FF
C41 490 0 10.8302FF

CA42 487 0 10.3594FF

C43 U6/cmosinvl_4/out_1 0 19.0998FF
C44 U6/cmosinvl_3/out 0 23.9101FF
CA4S 448 0 22.0446FF

C46 428 0 6.82344FF

CA7 b3 0 14.9384FF

C48 U7/rcacarryc_1/coc 0 34.1852FF
C49 a3 0 28 4816FF

C50 406 0 18.8658FF

C51 bl 021.7447FF

C52 UT/cacarryc_l/coc_1 0 34.3278FF
C53 al 0 24.1391FF

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/cmosinvi_1/in_2 0 39.2488FF
C63 Vdd 0 1287.79FF

C64 Us/rca_si_l/cic_2 0 20.884FF
C65 UB/rca_si_l/pic 0 20.2241FF
C66 190 0 9.6T752FF

C67 179 0 14.6966FF

C68 171 0 2.82528FF

C69 165 0 5.65056FF

C70 c2 0 45.7569FF

C71 U8/rea_si_1/pi_2 0 37.4605FF
C72 c3 0 20.1321FF

C73 U8/rca_si_l/cic_1 0 16.6655FF
C74 124 0 2.82528FF

C75 s0 0 43.8034FF

C76 c0 0 51.3619FF

C77 sl 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 UB/rca_si_1/pi 0 43.1206FF

C83 s2 0 25.4304FF

C84 53 0 39.1928FF

C85 56 0 9.67752FF

C86 43 0 14.6966FF

C87 35 0 2.82528FF

€88 29 0 5.65056FF

C89 U8/cmosinv]l_2/out_1 0 21.0384FF
C90 U8/cmosinv]_l/out 0 19.9444FF
C91 ¢l 0 50.0899FF



16-bit Ripple carry adder

C1 4590 0 2.82528FF
C2 U&/cmosinvl _l/out_1 0
17.9204FF
C3 U8/cmosinvl _2/out 0
22 5482FF
C4 4563 0 9.6T752FF
C5 4545 0 14.6966FF
C6 4530 0 5.65056FF
C7cin 0 17.2195FF
C8 b0 0 26.1868FF
C9 80 0 49.9975FF
C10 4507 0 22.0446FF
C11 4505 0 18.8658FF
C12 4482 0 6.82344FF
C13 4467 0 6.12144FF
C14 4440 0 22.4266FF
C15 4427 0 9.97272FF
C16 4415 0 10.8302FF
C17 4412 0 10.3594FF
C18 US/cmosinvi_3/out_2 0
22.9252FF
C19 U/cmosinvl_4/out_2 0
18.8428FF
C20 4325 0 22.4266FF
C21 4310 0 9.97272FF
C22 4298 0 10.8302FF
C23 4294 0 10.3594FF
C24 U8/cmosinv]_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 4199 0 6.82344FF
C304187 0 6.12144FF
C31 b8 0 39.8639FF
C32 a8 0 20.3612FF
C33 4160 0 22.0446FF
C34 4158 0 18.8658FF
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
CA41 4032 0 14.6966FF
CA42 4024 0 2.82528FF
CA43 4018 0 5.65056FF
C44 U9%/cmosinvl _1/out 0
18.5674FF
C45 3957 0 10.8302FF
C46 U9/cmosinvl _3/out 0
21.4661FF
C47 U/reacarryc_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_1/in_3 0
35.2415FF

C53 UB/rea_pi_l/pi_t O
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_1 0
18.7002FF

C59 3774 0 6.82344FF
C60 3761 0 6.12144FF
C61 US/cmosinvl_1/in_2 0
34.9132FF

C62 a2 0 33.3536FF

C63 b2 0 17.4751FF

C64 3729 0 22.0446FF
C65 3727 0 18.8658FF
C66 U9/cmosinv]l _3/out_2 0
21.7231FF

C67 UY9/rca_pi_1/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 UB/cmosinv]l_4/out 0
21.2663FF

C74 b10 0 42.8502FF
C75al00 30.1271FF

C76 3598 0 22.0446FF
C77 3596 0 18.8658FF
C78 3575 0 6.82344FF
C79 3563 0 6.12144FF
C80 U9/cmosinv]l _1/in 0
41.9234FF

C81 U8/rcacarryc_l/coc_1 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
C87 b9 0 55.0051FF

C88 U9/cmosinvl_4/out_2 0
18.1872FF

C89 a9 0 32.7748FF

C90 U9/cmosinvl_3/out_10

23.233FF
C91 3410 0 10.8302FF
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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_1/pi_2 0
40.7048FF

C99 b7 0 35.6026FF

C100 a7 0 53.334FF

C101 3320 0 22.0446FF
C102 3318 0 18.8658FF
C103 3293 0 6.82344FF
C104 3289 0 2.82528FF
C105 3277 0 6.12144FF
C106 cl 0 71.2213FF
C107 U10/cmosinv] _l/out 0
20.0772FF

C108 Ul0/cmosinvl_2/out 0
20.3818FF

C109 3246 0 9.67752FF
C110 3227 0 14.6966FF
Cl111 32100 5.65056FF
C112 U10/cmosinvl _1/in_2
0 47.3006FF

C113 3121 0 22.4266FF
C114 3107 0 9.97272FF
C115 3092 0 10.8302FF
C116 3089 0 10.3594FF
C117 bl2 0 57.0524FF
C118 al2 0 39.3116FF
C119 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
C1252979 0 6.82344FF
C126 2967 0 6.12144FF
C127 Ul0/cmosinvl _1/in 0
34.7576FF

C128 2941 0 9.67752FF
C129 2928 0 14.6966FF
C130 2916 0 2.82528FF
C131 2911 0 5.65056FF
C132 Ul0/cmosinvl _l/in_4
0 31.0%46FF

C133 Ul0/cmosinvl_3/out 0
24.2384FF

C134 2798 0 9.67752FF
C135 2779 0 14.6966FF
C136 2768 0 2.82528FF
C137 2762 0 5.65056FF
C138 2732 0 22.4266FF



C139 2721 0 9.97272FF
C140 2707 0 10.8302FF
C141 2704 0 10.3594FF
C142 Ul l/emosinv]_3/out_1
0 21.3%48FF

C143 2664 0 6.82344FF
C144 2652 0 6.12144FF
C145 b3 0 45.517SFF
C146 U10/cmosinv]_1/in_1
0 43.2562FF

C147 a3 0 56.3103FF

C148 2610 0 22.0446FF
C149 2608 0 18.8658FF
C150 U10/rca_pi_l/aic_1 0
22 4003FF

C151 Ul0#rca_pi_1/bic_1 0
24.9721FF

C152 2548 0 22.4266FF
C153 2534 0 9.97272FF
C154 2519 0 10.8302FF
C155 2516 0 10.3594FF
C156 b4 0 59.51FF

C157 2472 0 6.82344FF
C158 2458 0 6.12144FF
C159 a4 0 40.1765FF
C160 Ul V/emosinvl _1/in_2
0 39.055FF

C161 2398 0 18.8658FF
C162 2388 0 22.0446FF
C163 Ul0/cmosinvl_1/in_3
0 36.5569FF

C164 all 0 41.8655FF
C165 2350 0 22.4266FF
C166 2337 0 9.97272FF
C167 2322 0 10.8302FF
C168 2319 0 10.35%4FF
C169 U10/rca_si_1/pic O
19.859FF

C170b11 0 81.5303FF
C171 Ul0/cmosinv]_2/out_1
0 24.4469FF

C172 2230 0 2.82528FF
C173 Ull/rca_si_l/cic O
18.5209FF

C174 Ul l/emosinv] _1/out_2
0 17.5208FF

C175 2186 0 9.67752FF
C176 2167 0 14.6966FF
C177 2152 0 5.65056FF
C178
U4/8rca_1/4rca_2/rcafulladd
er_d/rcasum_1/N1_10
0.23976FF

C179 2117 0 22.4266FF
C180 2109 0 9.97272FF
C181 2097 0 10.8302FF
C182 2094 0 10.3594FF

C183 Ul l/emosinvl _4/out_2
0 21.3656FF

C184 2063 0 22.0446FF
C185 2061 0 18.8658FF
C186 2049 0 6.82344FF
C187 2034 0 6.12144FF
C188 Ul l/rcacarryc_1/coc_1
0 35.1184FF

C189 Ul2/cmosinvl_1/in_3
0 34.9132FF

C190 1979 0 9.67752FF
C191 1966 0 14.6966FF
C192 1956 0 2.82528FF
C193 1951 0 5.65056FF
C194 Ul 1/rca_pi_I/pi_1 0
53.1806FF

C195 Ul l/emosinvl_3/out 0
22.2145FF

C196 Ull/cmosinvl_4/out 0
22.9079FF

C197 1859 0 22.0446FF
C198 1857 0 18.8658FF
C199 c4 0 53.4575FF

C200 1840 0 6.82344FF
C201 1824 0 6.12144FF
C202 Ull/cmosinvl_1/in_3
0 34.79FF

C203 1780 0 22.4266FF
C204 1770 0 9.97272FF
C205 1756 0 10.8302FF
C206 1753 0 10.35%4FF
C207 Ull/rca_pi_l/aic 0
22.4003FF

C208 1698 0 10.8302FF
C209 Ul 1l/emosinvl_4/out_1
0 21.2663FF

C210 1672 0 22.4266FF
C211 1664 0 9.97272FF
C212 1652 0 10.3594FF
C213 Ul2/rca_si_1/pi 0
44.2091FF

C214 U12/cmosinv]_2/out 0
21.141FF

C215 1596 0 10.8302FF
C216 Ul2/rca_si_l/pic 0
20.0999FF

C217 ¢2 0 102.051FF

C218 b13 0 52.3494FF
C219 1559 0 22.4266FF
C220 1537 0 9.97272FF
C221 1522 0 10.3594FF
C222 Ul2/rca_pi_l/bic_10
23.7222FF

€223 U12/cmosinvl_3/out 0
21.1378FF

C224 al3 0 52.177FF

C225 1491 0 22.0446FF
C226 1489 0 18.8658FF
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C227 1471 0 6.82344FF
C228 1455 0 6.12144FF
C229 Ul2/rca_si_l/pic_1 0
18.3103FF

C230 ¢7 0 103.468FF

C231 Ul2/cmosinvl _1/in_1
0 56.0972FF

C232 Ul2/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
US5/8rca_2/4rca_1/rcafulledd
er_l/rcasum_1/cic O
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 Ul2/cmosinvl_1/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 c10 0 67.0666FF
C251 Ul2ZYemosinvl_4/out 0
22.2091FF

C252 Ul2/cmosinvl_3/out_!
021.4661FF

C253 1134 0 9.67752FF
C254 1114 0 14.6966FF
€255 1103 0 2.82528FF
C256 1097 0 5.65056FF
C257 Ul2/rca_pi_l/aic_10
22.3182FF

C258 Ul12Zcmosinvl_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 Ul3/cmosinvl_3/out 0
23.8896FF

C264 b6 0 55.0048FF

C265 Ul 3/cmosinvl_4/out 0
18.2585FF

C266 a6 0 75.1131FF

C267 918 0 2.82528FF
C268 Ul3/cmosinv]_1/in_1
0 34.3278FF

C269 857 0 2.82528FF
C270 852 0 5.65056FF



C271 845 0 5.65056FF
C272 b14 0 65.9068FF
C273 775 0 2.82528FF
C274 U13/rca_pi_l/bic 0
25.9078FF

C275 Ul3/cmosinv]_3/out_1
0 21.0665FF

C276 al4 0 43.715FF

C277 711 0 2.82528FF
C278 702 0 5.65056FF
C279 Ul3/cmosinv]_2/out_1
024.2773FF

C280 639 0 5.65056FF
C281 Ul3/cmosinvl_l/out 0
19.6949FF

C282 c11 0 81.1397FF
C283 Ul3/cmosinvl_1/in_2
0 54.1152FF

284 581 0 2.82528FF
C285 575 0 5.65056FF
C286 Ul 3/cmosinvl _l/out_2
022.261FF

C287 Ul3/cmosinvl _1/in 0
41.4113FF

C288 Ul3/cmosinvl_2/out_2
0 22.2685FF

C289 517 0 2.82528FF
C290 511 0 5.65056FF
C291 Ul3/cmosinvl_l/in_3
0 50.6941FF

C292 456 0 2.82528FF
C293 451 0 5.65056FF
C294 al5 0 72.4423FF
C295 b15 0 88.2979FF
C296 s0 0 64.1311FF

C297 s1 0 57.4785FF

C298 s3 0 48.8034FF

C299 54 0 52.6869FF

C300 373 0 14.6966FF
C301 Uld/frca_si_1/pi_ 40
32.9288FF

C302 Ul4/rea_si_1/pic_20
23.0123FF

C303 s6 0 29.326FF

C304 Ul4/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 Ul4/cmosinvl_1/in_6
0 59.3618FF

C310 328 0 14.6966FF
C311 Uldfrea_si_l/pic 0
19.562FF

C312 59 0 99.2794FF

C313 s2 0 67.8618FF

C356 ¢c150 16.5776FF
C357 Vdd 0 6260.12FF

C314 Ul4/cmosinv]_2/out O
23.2049FF :
C3155s11 0 69.3769FF
C316 812 0 62.7035FF
C317 Uld/frca_si_l/cic_3 0
18.1796FF

C318 Ul4/cmosinvl _1/in_3
0 43.7798FF

C319 513 0 28.6067FF
C320 Ul4/rca_si_l/pic_ 50
19.562FF

C321 s8 0 55.7129FF

C322 240 0 9.67752FF
C323 Ul4/cmosinv]_1/in_4
0 35.6094FF

C324 224 0 14.6966FF
C325 315 0 49.3859FF
C326 c0 0 84.3901FF

C327 s14 0 29.8454FF
C328 Ul4/rca_si_l/pic_1 0
18.9054FF

C329 c3 0 83.5%47FF

C330 Ul4/cmosinvl_2/out_3
0 24.1898FF

C331 184 0 9.67752FF
C332 169 0 14.6966FF
C333 35 0 51.9833FF

C334 Uld/rca_si_l/pic_ 40
18.1775FF

C335¢c6 0 97.391FF

C336 Ul4/cmosinvl_2/out_4
0 23.4619FF

C337 141 0 9.67752FF
C338 Ul4/cmosinvl _1/in_7
0 48.9537FF

C339 122 0 14.6966FF
C340 ¢8 0 74.6593FF

C341 510 0 50.7445FF
C342 Ul4/rca_si_l/pic_30
19.2337FF

C343 91 0 9.67752FF

C344 Ul4/cmosinvi_l/in_5
0 62.6087FF

C345 76 0 14.6966FF

C346 c9 0 55.0552FF

C347 Uld/cmosinv]_2/out_2
0 24.1898FF

C348 ¢12 0 98.7104FF
C349¢c13 0 117FF

C350 47 0 9.67752FF

C351 Ul4/cmosinvl_1/in_)
0 42.6217FF

C352 33 0 14.6966FF

C353 c14 0 30.5892FF
C354 Uld4/cmosinvl_2/out_1
022.3517FF

C355 Ul4/cmosinvl _1/out_l
021.2576FF
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Program to calculate all possible input patterns for 4-bit adders

clear all

APPENDIX A8

n=input('input no. of bits = ')

for i=0:(2"n)~-1

quot=i;
for j=1l:n

c{(j)=rem(quot,2);
quot=£fix (quot/2);

end
a(i+l,:)=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 carry adder

clear all
load inpgend.mat
a

n=input(input no. of bits

="

p=(2%a)+1;

for i=1:512;
al(iymot(ai,1)),

n2(i ynot(a(i,2));
a3(iy=zor(a(i, 1),a(i,2));
oA(inot(a(i,p));
a3(iyxor(a3(i), a(i,p));
n6(iy=not(n3(i)),
yl=and{a(i, 1),a(i,2));
x1=ar(a(i,1),a(i,2));
zl=and(x La(i,p)),
n7(i)not(or(z1,y1));
n8(iy=not(n7(i));

k=3;

nX(i oot(a(i k));
n10(iynot(a(i,(k+1)));
n11(i)=xor(a(i k)i (k+
1))

012(i)not{n8(i));
813(i)>xor(nl 1(i),
n8(i))

nl4(iynot(nl 1(i));
y2=and(a(i,k),a(i,(k+1)))

x2=on(afik)aGi,(k+1))k
22=and(x2,08(1));
n15(i)ot(or(22,y2));
n16(i Foot(n13(i),

k=5,

n17(i)=not{a(ik));
n18(i)=not{a(i,(k+1))
nl9(iy=xor(a(i,k),a(i(k+
1)) 3

n20(i =oot(al6(i));

n21(i)=xor(n19(i),
nl&(i)),
n22(iynot{n19(i));
y3=md(s(i,k)a{i,(k+1))

x3=or(a(i,k),afi(k+1))),
23=and(x3,n16()),
n23(i)~not(or(23,y3));
gimnﬂ(i)k

025(i yonot{a(i X)),
n26(iFnot(a(i,(k+1)));
n27(i)y=xor(a(i,k),ai,(k+
my

n28(i)Fnot(n24(i));
029(iFxor(n27(i),
n24(i)) .

030(i Foot(a27(i));
y4=and(a(i,k),a{i,(k+1)))

x4=or(a(i,k),ali,(k+1)))
24=and(x4,016(i));
n31(i)=not(or(z4,y4));
n32(i)=not(n3 1(i));
cl=0;
€2=0,c3=0;c4=0,c5$=0;c
6=0,c7=0;¢c8=0;¢9-0;¢cl
0=0,c11=0;c12=0;¢c13=0
1©14=0,¢15=0;¢16=0;¢c1
7=0;
c18=0;¢19=0;c20=0;¢21
=0,622-0;¢23-0;c24~0,
¢25=0;c26~0;c27=0;c28
=0,629=0;¢30=0;¢c31=0;
c32=0;

for i=1:512;

for j=1:512;

if al(iy==nl(j)

cl=el;

clss;

195

cl=el+l];

end;

if n2(i)==n2(j),
c2=¢2;

elsc;

c2=c2+];

end;

if n3(i)==n3(j),
c3=c3;

clse;

c3=c3+1;

end;

if nd(i)==nd(j)
cd=c4;

cloc;

cd=ucd+l;

end;

if nS(i)==n5()
cS=c§;

elsc

cS=cS+1;

end;

if 06(i)=nb(j)
cb=c6;

else;

cb6=cb+1;

cnd;

if n7(i)==n7()
c¢T=c7;

else;
eT=cT+1;

cnd;

if 08(i)==n8(j);
c8=c8;

clsc,

c8=c8+1;

end;

if n(iy==n9());
c9=c9;

clac;

c9=c9+1;

end;

if n10(i)==n10(j);
c10=¢10;

clse;

cl0=cl0+1];

cad;

if nl 1(iynl1()
cll=cll;

clso;

cll=cll+l;

cnd;

if al2(i)=m12(j)
cl2=cl2;

clsc;

cl2=cl2+1;

cnd,

if n13(i)==nl3(j);
cl3=¢cl3;

clsc;

cl3=cl3+1;

end,

if nl4(iy==n14();
cl4=cl4;

clse;

clé=cld+];

end;
if a1 5(iy==nl5G)%;
clS=cl$;

elas;
clS=cl§+1;
end;

if n16(i)==n16(j);
cl6=cl6;

clac;

cl6=cl6+1;

end;

if n12(i}==n17(j);
¢17=¢c17;

cloe;
cl7=¢c17+1;
end;



if nl18(i)==n18()).
c18=cl8;

clsc,

cl8=ci8~1;

end;

i n1XiF=nl9G).
c19=¢19,

clec;

cl19=¢19+1;

end;
if n20(i)==n20(j).
c20=¢20;

clac,

c20=c20+1;

end:

if n21(i)==n21(j):
c21=c21;

clac;

c21=c21+1;

end;

if n22(i)==n22(j);
c222c22,

clec;

c2=c22+];

ood,

if n23(i=n23()
¢23=c23;

clac;

c23=2¢23+1;

end;

if n24(i)==n24(j);
c24=c24;

clsc;

c245c24+1;
end;

if n23(i)==n25(j);
c25=¢c2S;

clac;
¢25mc25+1;

cnd;
if n26(iy==n26(j);
c26=c26;

clse;
c26=c26+1;

2) Program for Carry skip adder

p=(2*n)+1;

for i=1:512;
nl(i)y=not(a(i,1));
n2(iy-not(a(i,2));
n3(i)=xor(a(i,1),a(i,2));
o4{i F-oot(a(i,p)%
nS(iy=xor(n3(i),a(i.p));
nb(i =oot(a3(i))
yl=and(a(i,1),8(i.2)),
x)=or(a(i,1),a(i,2));
zl=and(x1,a(i,5))
a7(iyFnot(or(zl,y1));
8(i)not{n7(3));

k=3,

(i =not(a(i k));
n10(iy=not(a(i,(k+1))),
nl 1(ixor(a{i.k),ali,(k+
1)) 3

012(3)~not(n8(i)),
al3(iy-xor(n11(i).08(i));
al4iy=mot(nl 1(i));
y2=and(a(i,k)ali,(k+1)))

x2=or(a(i,k),ai.(k+1)));
2=and(x2,08(i))
n15(¢iynot(on(z2,y2));
016(i)=not(n15(i));

k=5,

n17(inot(a(ik));
n18(i)not(ali.(k+1)))
019G Pxoe(a(ik), afi.(k+
1)) 4

n20(i Foot{n16¢i));
a21(ixor(n19(i\n16(i)

3
a22(i Fnot(nl i)y,
y3=and(a(i, k) (k1))

x3=or(ali,k)a(i(k+ 1)K
B=and(x3,0160)%

823(inot(or(23,y3));,
a24(iy=not(n23(i));

k=7,

n25(i)=not(a(i,k));

026(iy=not(ali,(k+1)));

lll;f;(lha(l(i.k).l(i.(h
)

n28(i)=not(n24(i)),

n29(i)=xor(n27(i),n24(i)

%

n30(i)=not{n27(i));

y4=and(a(ik),a(i,(k+1)))

x4=or(a(i,k),a(i,(k+1)));
24=and(x4,n24(i)%;
n31(inot{or(z4,y4));
n32(i)oot{n3 1(i));
=ad(n3()nl1(i));
g=and(n1(i).n27())
n33(i)=not(and(s.8));
n34(iynot(n33(i)
n35(i yaot(and(n34(i).«
()3 .
n36(inot(n35(i))k
n37(i)~not{or(n36(i),n32
()3
n38(i)enot(n37(i))

end;

cl=0;
€2=0;c3=0;c4=0;¢5=0;¢c
6=0,¢7=0;c8=0;c9=0;cl
0=0;c11=0;c12=0;c13+0
1 14=0;¢15=0;c16=0;c1
7=0;
¢18=0;¢19=0;¢20=0;c21
=0;c22=0;c23-0;c24~0;
€25=0,c26=0;¢27=0,c28
=0,629=0;¢30-0;c3 10,
€32=0;¢33=0;c34<0;c35
=0;¢36=0;,¢37=0,c38=0;
for i=1:512;

for j=1:512;

if nl(i=nl();

cl=¢cl;

clac;

cl=cl+];
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end;

if 227(i)=m27(j);
c27=¢27,

elec;,
€27=¢27+1;

end;

if n28(i)=n28(j).
c28=c28;

clsc;

c28=c28+1;
end;

if a2%(i)==n29();
€29=¢c29,
clsc;
€29=c29+1;

cnd;

if n30(iy==n30( )
¢30=¢30;
clae;

c30=c30+1;

end;
if n31(1)==n31(j);

end;

If n2(iy==n2(j);
c2=¢2;

clac,

€2=c2+1;

end;

If n3(i)y==n3G%
c3=¢3;

clac;

c3=¢3+1;

end;

If nd(i)==n4(j)

c4=¢c4;

clac;

c4=cd+];

end;

if nS(iy=n5()
c5=cS§;

clsc

cS5=cS+1;

end;

if p6(iy==n6(j)

cb=ch;

eclse;

cb=c6+1;

end;
if a7(i=n7()

c7=c7,

cT=c7+l;

end;

if o8(iy=n8(j)
c8=c8;

elsc;

c8=c8+1;

end;
if a9(i==n(j)%
c9=c9,

clss;

c9=c9+1;

end;

if al0(i)==n10();
cl10=¢10;

else;,

c10=cl0+1;

end

if n'l 1(6)y==n11G)

c31=¢31;

¢clac;

c31=c31+1;

cad;

if ;32(iy==n32(j).
c32=¢32;

clae;,

€32=¢32+1;

end;

eod;

end;
count=c | +c2+c3+c4+c$
+e6+cT+c8+cP+cl0+cli
+cl2+cl3+cld+clS+clé
+c17+c18+c19+c20+c21
+e22+c23+c24+¢25+¢26
+627+¢28+c29+¢30+¢31
+c32;
aver=count/(512°512);
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cll=cll;
clsc;
ell=cli+];

if n12(i)y==nl2(j);
cl2=¢c12;

clae;

cl2=c]2+1;

end;

if al3(i)==nl3(j);
¢l3=cl3;

clss;

cl3=cl3+1;

i n14i)==nl4G)
cldscld;

clss;
cld=cld+];
end;

if n15(i)==nl5()
c15=¢l$;

elss;

clS=cl5+1;

end;

if al6(iy==nl6(j)
cl6=cl6;

clac,

clé=clé+];

eod;

if a17(iy=nl7G);
cl7=l17;

clse;

cl7=c17+1;

end;

if al8(i)>=nl8(j);
cl8=¢l18;

clac;

cl8=c18+1;

od;

if alNiy==n19(j);
c19=¢c19;

clac;

cl19=c19+1;

end;

if n20(i)==n20G);
€20=c20;

clsc;,



c20=c20+1;
end;

f n21(iF=a21(j).
c21=¢2l;

clac;,

c2l=c2l+1;

cnd;

if n22(iy==n 224y,
cR2=c22;

clse,

c22=c22+1;

cod;

if a23(iy=>n23(j).
c23=e23;

clec,

cB=<23+1;

ond;

if n24(i)==n24(j},
c2U=c24;

clac,

€24=c24+1;

ond;

if n28(iF=n25(j),
€25=¢2S;

clac,

c25=c25+1;

end;

if n26(i)==n26(),
c26=¢26;

clse,
c26=c26+1;

end;
if a27(i)==n27(j);

€27=¢27,
clee;
c27=c27+1;

end;

if n28(i)y==n28(j):
c28=c28;

clsc;

c28=¢28+1;

end;

if n29(i==n29(),
c29=c29,

clac;

€29=c29+1;

end;
if n30(iy=n30();
30=c30;

clse;
c30=¢30+1;

cnd;

if a31(i)=n31(j),
c31=c3l;

clec;

c31=c3l+1;

ead;

if .3(iy==n32(j%
€32=¢32;

clsc;

€320c32+1;

end;

if n33(i)=n33(j)%
€33=¢33;

clac;

c33ac33+);

3) Program for Carry select adder

clear all
{oad inpgend.mat
a

n=input(inputno. of bits

=7

p=(2*n)+1
fori=1:512;

cinl=0;

al(i)-not{a(i, 1)),
a2(i)=not(a(i,2));
a3(i)=xor(a(i, 1),a(i,2));
o4(i)=not(cinl),
aS(i)=xor(n3(i), cinl);
06(i)=not(n3(i));
y1=and(a(i,1),a(i,2));
x1=or(a(i,1),8(i,2));
zloand(x],cinl),
aZ%(i)=not(or(z1,y1)),
n8(i)=not(n7(i));

k=3,

aX(i)=not({a(i,k)),
n10(i)=not(a(i,(k+1)));
ol 1(i)y=xor(a(i,k), afi,(k +
my

n12(i)=not(n8(i));

n13(i)"xor(nl 1(i)n8(i));
nl4{i)ynot(nl 1(i));

y2=and(a(ik)ali,(k+1))

x2=or(a(ik)a(i.(k+ 1))
22=and(x2.08(1));
n15(i)not{ar(22,y2));
n16(i)not(nl S(i));

k=5;
017()=not{a(ik));
n18(i)=not(a(i,(k+1)));
1:)1)9);(i)'m(a(i.k).a(i.(k+
a20(i)=not(n16(i));
n21(iyxon(n19(i)a16(i)

)4
022(i)=not{n1%i));
y3=and(a(i,k),aii,(k+1)))

x3=or(a(ik),a(i,(k+1));
23=end(x3,016(i))
n23(i)=not(oc(23,y3));
n24(i)=not(n23(i));

k=7,

025(i)=not{a(i,k));
n26(i)=not(a(i,(k+1)));
ﬁ;’)gi)“xu(a(ik).l(i.(k*
n28(i)=not(n24(i));
n29(i)=xor(n27(i)n24(i)

)
030(i)=not(n27(i));
y4=sand(a(i,k)a(i,(k+1)))

x4=or(a(ik),a(i,(k+1)));
zd=and(x4,024(i));
n31(i)-not(or(24,y4)),
n32(i)~not(n3 1(i));
cin2=1;

n31(i)not{a(i, 1))
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end;

if m34(i)=n34(j).
c34=c34;

clae;

c34=c34+1;

end;

if n35(i)==n3s(j);
c35=¢35;

clsc;

c35=¢c35+1;

cod;

if n36(i)==n36(j¥;
¢36=¢36;

clac;,

c36=c36+1;

end;

if n37()==n37(j);
c37=¢37;

clsc;

c37=¢37+1;

end;

if n38(i)y=~n38(j).
c38=c38;

clsc;

c38=c38+1;

cnod;

end;

end;
count=cl+c2+c3+cd+cS
+cbteT+c8+cO+c10+¢ll
+c12+¢13+cld+c15+c16
+c17+¢18+c19+c20+c21
+c22+c23+c24+¢25+c26

n32(i)y=not(a(i,2));

a33(i)=xor(a(i,1),a(i,2));
n34(i)=not(cin2);
n35(i)=xor(n33(i),
cin2);
n36(i)=not(n33(i));
yS=and(a(i,1),a(i,2)),
xS=or(a(i,1),8(i,2))
25=end(x5,cin2),
a37(i)=not(or(z5,y5)):
n38(i)=not(n37(i));

k=3;
n39(i)-not(a(i.k));
040(i)=not(a(i.(k+1)));
nd 1 yxor(a(ik),ali,(k+
1)))3

842(i)not(a38(i));

43(iyoxor(nl1(i),n38(i));
n44(i)=not(nd 1(i));

y6=and(a(i,k)ali.(k+ 1))

x6=or(a(i,k),a(i,(k+1)));
z6=and(x6,n38(i));
n45(i)=not{or(26,y6)),
n46(i)=not(nd5(i));

k=5,
n47(i)=not(a(i.k));
nd8(i)=not(a(i,(k+1)));
0d9(i)y=xon(a(i,k),ai,(k+
1)) 3
nS50(i)=not(nd46(i)),

+c274c28+c29+¢30+c31
+c32+¢33+¢34+¢35+c36
+c37+¢38;
aver=count/(512°512),
savo rescsk. mataver

a8 1(ixor(n49(i),n46(i)
%

052(i)=not{ndN(i));
y7=and(a(i.k),a(i,(k+1)))

"xP=or(a(i k)80, (1))
Z7=and(x7,046(i));
aS3(i)=not(on(z7,yT));
054(i)not(nS3(i));

k=7;

n55(i)=not(a(ik));
a56(i)=not(a(i,(k+1)));
aS7(i=xor(a(i,k),a(i, (k+
)3
n58(i)=not(nS4(i));
a5%(iyxor(a57(i),nS4(i)

%
n60(i)=not(nS7(i));
y8=and(a(i,k)a(i,(k+1)))

x8=on(a(ik),a(i,(k+1)));
z8=und(x8,n54(i));
n61(i)not{on(z8,y8)),
n62(i)=not(n61(i));

63(i)=not(and(n62(i),&(
15:))
064(i)=not{n63(i));

B oo )2
B66(i)not{osS(i));
n67(i)=not{n3(i));



068(i)=no(n35(i));
869(i)-not(a{i,p))
ql=and(a3S(i)ali.p));
p1=and(nS(i),069(i)),
aNi)=or(ql,pl).
a7l(i)=not(al2(i));
a72(i)=not(n43(i));
a73(i)=not(ai,p));
q2=and{nd3(i },M(i.p));
p2=and(n12(i)a73(i));
n74(i)=or(q2,p2)
a75(iy=not(n21(i))
a76(i)=not(nS 1(i));
aT(i)=not(a(i,p)),
q3=and(aS1Gi)a(i,p))
p3=and(n21(i),n77(i)).
a78(i)=or(q3,p3);
n7X(i)=not(n2i));
n80(i)=not(aSK(i));
n81(i)=not(a(i,p)):
q4=and(a$i).ali,p));
p4=and(n29().n81(i));
n82(i)=or(q4,p4);

end;

¢c1=0;,c2=0;¢c3=0;c4=0;¢
5=0;c6=0,¢7-0;c8=0;c9
=0;¢10=0;¢11=0;¢12=0;
¢13=0;¢14=0;c15=0;c16
=0;¢17=0;¢18-0;¢19=0;
€20=0;c2170;c22=0,c23
=0,c24=0;¢c25=0,c26<0;
€27=0,¢28=0;c29=0;c30
=0;¢31=0;¢32=0;¢33=0;
¢34<0;¢35=0;c36=0;c37
=0,c38=0,c39=0;c40-0;
c41=0,c42=0;,c43=0;c44
=0;c45=0;¢c46=0,c47-0;
c48<0;
c49=0;¢50=0;¢51=0;c52
=0;¢53=0;c54=0;c55=0,
©56=0;c57=0;c58=0;c59
=0,c60=0;c610,c62=0;
©63=0;c64=0;c65-0,c66
=0,c67=0;,c68-0;c69-0;
€70=0:¢71=0;c¢72=0;c7T3
=0,674-0;c75=0,c76-0;
cT7=0,c78=0;
¢79=0;c80<0;c81=0:c82
=0;
for i=1:512;

for j=1:512;

if nl(i}==nl(j);

cl=cl;

clsc ;

cl=cl+l;

end;

if a2(iy=n2(j),

c2=c2;

clse

c2=c2+1;

end;

if n3(iy==n3(%

e3=c3;

clsc;

c3=c3+1;

end; .

if pd(iF=04()

cd=cd;

clsc ;

cd=cd+l1;

d'
if aS(iF==a3()

c5=¢$§,

clse
cScc5+1;
end;

if n6(i)==nb(j)
c6=c6;

eclsc;
c6=c6+];

cnd;

if a7(i)y=n7()
c7=c7,

clsc ;
c7=c7+1;

cad,

if n8(i)==n8(j),
c8=c8;

clss ;
c8=c8+1];

cod;

if n9(i)==o9(j);
c9=c9;

clec;
c9=c9+1;

cnd;

if n10(iy=n10(j),
cl0=10;
clsc;
cl0=c10+1;
end;

if n11(i)=n11(),
cll=cll;
clsc;
cll=cll+];

end;

if al2(i=nl2(j),
cl2=c12;

elac ;
cl2=c12+1;

end;

if 813(i)==n13()
cl3=¢cl3;

else;
cl3=¢c13+1;

cnd;

if n14(iy==n14G);
cl4=xld;

elsc;
clé=cl4+l];

cnd;

if n15(i}=n15()%
cl5=cl$;

clsc;
cl5=c15+1;

end;

if n16(i)==n16(j);
cl6=16;

elsc ;
c16=c16+1;

if n17(1))==n17G);
c17=¢17;

clec;
cl7=c17+];

ead;

if 018(iyF=n18(j);
c18=¢18;

clsc;
cl8=cl18+1];

end;

if alXi)==n19G);
c19=19;

clsc;
c19=c19+1;
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end;

if n20(i)==n20(j);
€20=c20;

elsc ;
€20=c20+1;

end;

if a21(i)==n21(j);
c2l=c2l;

clse ;
c2l=c21+1;

end;

if n22(i)=m22(j)
c22=c22,

clse ;
c22=c22+1;

end;

if n23(i)==n23(j);
©€23=¢23;

else ;
c23=c23+1;

end;

if n24(i)=n24(j),
¢24=¢24;

clsc;
¢24=¢24+1;

end;

if n25(i)==n25(j)
c25=¢2S;

clse ;
c25=c25+1;

end;

if n26(i)=n26(j);
¢26=c26;

clsc;
c26=¢c26+1;

end;

if n2(i)y==n27(j),
¢27=c27,;

else;
¢27=c27+1;

end;
if n28(i)==m28(j);
¢28=c28;

olsc;
c28=c28+1;

end; .
if n29(i)==n29();
¢29=c29,

olso;
¢20=c29+1;

end;

if n30(i)==n30()
¢30-¢30;

clse ;
€30=c30+1;

end;

if n31(i)==n31(j):
e31=¢31;

clsc ;
c31=c31+];

end;

if i32(i)=n32( )
¢32=c32;

clsc ;
€32=c32+1;

end;

if n33(iy==n33(j);
c33=¢33;

clse;
©33=¢33+1;

end;

if n34(i)==n34();
c34=c34;

else ;
c34=c34+1;

end;

if n35(i=n35(j),
c35=¢3S;

clec;
c35=¢35+1;

cud;

if a36(i)=n36();
¢36=¢36;

clsc ;
c36=c36+1;

ond;

if n372(iy=a37(),
¢37=¢37;

clss;
¢37=c37+1;

end;

if n38(i)==n38(j);
c38=c38;

clas ;
c38=¢c38+1;

end;

if n39(1)==n3%):
¢39=c39;

clsc ;
€39=c39+1;

cod;

if 040(i)=nd0(j);
¢40=c40,

clsc;
¢40=c40+1;

end;

if nd1(i)==nd1(j);
cdl=c4l;

clse ;
cdl=cdl+];

end;

if 042(i)=nd2(j);
c425c42;

olse;
cd42=c42+1;

end;

if n43(i)==nd3(j);
c43=c43;

clso ;
cd3=c43+1;

end;

if nd4(i)==nd4(j);
c44=cd44;

else ;
cddcdd+l;

end;

if n45(i)==nd5(j);
c45=c4S;

elsc ;
c45=c45+1;

end;

if nd46(iy=nd6(j);
c46=c46;

eles;
c46=cd6+1;

end;

if d7(iy==nd7(j)
c47=47,

clse ;
c47=cd+1;
cnd;

if nd48(iy—n48(j);
c48=c48;



clsc
cd48=c48+];
end;

if 049 F=n49(j)
¢49=c49,

clse ;
c49vcd9+1;

end;

if nS0(i)==n50(j)
¢50=c50;

clse ;
¢50=c30+1,
cnd;

if aS1(iy==n51()).
c51=c51;

clec;
cS5lecSl+l;

end;

if nS2iF=nS2(G ),
c$52=c52,

clec ;
c$2sc82+1;

end;

if eS3(iy==n33()
c53=c53,

clsc;

c53=c53*l

d n54(1)===n54(1);
c54=c54;

clsc;
cS4=cS54+1;

end;

if n85(iy==nS5()
c55=c55;

clsc ;

c”-cﬁ*l

if n56(|)==n56(j)'.
¢56=¢56;

elsc;
c56=c56+1;

end;

if a57(iy==nS7G),
c57=57,

chc;
c57=¢87+1;

end;

if a38(i)=~n38(j);
c58=c58;

cloe ;
c58=c58+1;

end;
if a5%(i)==nS9;);
¢59=c59;

clsc ;
c59=c59+1;

end;

if n60(i)==n60());
¢60=c60;

clac ;
c60=c60+1;

end;

if 08 1(iy=0b1(j),
c61=c61;

else;
cbl=c61+];

end;

if 062(iy=062( ),
c62=¢62;

cloe ;
c62=¢62+1;
end;

if 083(iy=nb3(j),
¢63=c63;

clee;
c63=c63+1;

cod;
if n64(i)=nb4(j);
c64=c64

olsc ; ’
c64=c64+1];

cnd;

if 065(i)==065(j);
c65=ch5;

clsc;

065%654'1

lf 066(1)==066(l)'.

oln

c66=e66+1 ;

end;

if 067(i)==n67(j);
c6T=c67,;

clse ;
c67=c67+1;

eod;
if 068(i)==068()):
c68-c68;

4) Program for Conditional sum adder

clear all

load inpgend.mat

F

a~mput(iapuino. of bits
=

p=(2*n)+1

for i=1:512;
al(i)y=not(a(i,1));
n2(i)~oot((a(i,2))),
n3(iyxon(a(i, 1),5(i,2));
nd(iaot((a3(i))k
nS(iy-not(xor(a(i, 1).a(,2
)3

o6(i Poot(aS(i)
n1(l)=m‘(lnd(l(l. Dali,

owrm«n"ﬁ
i Fenot(or(a(i, 1),a(i,2)

»

810¢i) not(aXi)k
n41(i)y=not(n6(i));
4 2(i)Pnot{nd(i));
3G Pnot(ali.p));
p44(iyor((and(a(i,p),06(
) (and(043().04(i)))):

k=3;

nl1(i)y=not(a(i k));
al2(iyonot{(a(i.(k+1)));
I;;):’;;(i)’m(l(i.k).l(i.(k"
al4(i)not{(nl (i)},
n15(i)not(xor(a(i,k),a(t,
e+ 1)));
al6(iynot(al5(i)),
017(i)~not(and(a(i,k),a(i
Ak+10));
n18(i)y=not{nl17(i)),
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clsc ;
c68=c68+];

cnd;

if n69(i>=n69(G).
<6969,

cloc ;
€69=c69+1;

end;

if n70(i)==n70(j ).
¢70=c70;

cloc ;
c70=c70+1;

end;

if a71(i)==n71();
e71=c71;

else;
cTlecT1+1;

end;

if n72i)==n72(),
c72=¢72,;

else ;
cT2=cT2+1;

end;

if a73(iy=n73().
¢T3=cT3;

clse ;
eT3=cT3+1;

end;

if n74(i)=n74(j);
c74=c74;

cloc ;
¢c74=c74+1;

end;

if 075(i)==n75());
c75=¢7S;

clse ;
¢75c75+1;

end;

if n76(i)==a76(j);
¢76=c76;

clsc;
¢76x76+1;

end;

if n77()==nT7(;);
eTI=cT7,

clsc ;
cTI=cT7+1;

cnd;
if n78(i)=n78(j)
¢78=78;

019(i)=not(or(a(i,k),afi(
1331))) 4 X
n20(iFnot(n1Xi)k
045(ioot(nl6(i))
nd6(iynot(n14(i)%
47(iy=not(n8(i));

o48(i y=or((and(n8(i),al6
(i))).(xnd(nd7(i),n14(i)))
)

n49(inot(n16(i));,
nS0(i=not({n14(i));
a31(i)-not(nl0())
n32(i)=or((xnd(n10(i),nl
t)i)(i))).(md(nﬂ(i).nld(i »
n53(iynot(n48(i));
nS4(iynot(nS52(i)),
n55(i)=not(a(i,p)):

elae ;
¢78=¢78+1;

end;

if a?7%{(i)==n79(j).
c79=c79,

clac ;
cT9=c79+1;

end;

if n80{1)==n80(j):
¢80-c80;

cloe ;
c80=c80+1;

end;

if n81(i)==m81();
c81=c81;

clse ;

c8l=c81+1;

end;

if n82(i)==n82(j);
c82=c82;

clse ;

c82=c82+1;

end;

end;

cod;
count=cl+c2+c3+cd+cS
+cb+cT+e8+cH+clO+cll
+c12+¢13+¢c)4+c1S+cl6
+e]17+c18+c19+c20+c21
+c22+¢23+c24+¢25+c26
+¢27+c28+c29+¢30+¢31
+¢32+¢33+c34+c35+c36
+c3T+c38+¢39+c40+cdl
+ed2+cA3redd+edS+edb
+c4T+c48+cA9+c50+cS)
+c52+c53+c84+c55+c56
+¢57+c58+c39+c60+c61
+c62+c63+cb4+c65+c66
+c67+c68+c69+¢T0+cT1
+¢T2+cT3+cT4+cT5+¢76
+T74+c78+c79+80+c8)

+c82;
aver=count{(512°512),
save rescrl.mat sver

086(i)=or((xnd(a(i.p),0é
8(NHand(nSS(i)a52())
»

a57()not(nl8());
nS8(i)=not(n20(i))

039 )-not(n8(3));
060(iy=or{(and(nS9(i),n2
;(i»).(md(ns(ixnls(i)»
261(i)=not(n18(3));
052(i)=not{n20(i))
053(i)=not(n10());
064(i F=or{(and(063(i),n2
?)(i))»(m«ului).nmi»

k=§;

a2)(iy=not(alik));
22 Fnot((a(i(k+ 1)),



n23(i)=xor(a(ik).a(i.(k+
1})) 4

n24(i Foot{(nl 1(i)),
n25(i Fnot{ xon{afi, k), ai,
k+1)));

0261 F=oot(n25(i));
n27(iFnot(and(a(i,k),a(i
N(3d)))) ]

n28(i oot(n27(i)),
n29(i )=not(or(ai,k),a(i,(
k+1)))k
n30(ioot(n29(i)):
065(i)~not(n24(i)),
p66(i Foot(n26(i)),
067(i)=not{n60(i)),
n68(i )=or( (and(n60(i),n2
4i)))(and(n67(i n26(i))
)

n6%(i Fnot(n24(i)),
n70(1)=not(n26(i)Y,
a71(i)"not{n64(i))
n72(i)y=or((and(n64(i),n2
4(i)))(and(n71(i),n26(i))
»

a73(i)not(n68(i)).
074(iPnot(a 72(i)),
n75(i)y=not{a(i,p))

076(i y=or((and(a(i,p),n7
i) (and(n75(i),068(i))
»

a77(i)"not(n28(i)),

078(i Fnot(n30(i))
079(i ) oot{n60(i)),
n80(ior( (and(n30(i),06
0(1)))(a0d(a28(i),n79(i))
»

n81(iy=not{n28(i));
n82(iy-not(n30(i)),
083(i)ynot(064(i));
884(i)=or((and(n83(i),n2
&(i))).(xnd(n64(i),n30(i))
»

k=7,

n31(i)=not(a(i k));
n32(i)not((a(i,(k+ 1))
n33(i)=xor(a(i k),a(i.(k+
nmy
n34(i)=not((n33(i)));
n35(i y>not(xor(a(i,k),a(i,
&+1))N)

n36(i "pot(n35(i)),
n37(iy=not( and(a{i,k),a(i
L+1NX
n38(i)not(n37()),
n39(i not{ ar(a(i,k),a(i,(
k+1)))
040(i=not(n39(i)),
n85(i)y"not(n34(i)),
086(i not(n36(i)),
n87(iynot(n80(i)),
n88(i)=or((xnd(n80(i),n3
4(i)))(and(n87(i),n36(i))

»

n8%i)~not(n34(i)),
n90(i Frot(r36(i));
m91(i)Fnot(n84(i)),
192(i y=or((and(n84(i),n3
&) (and(n91(i)036(i))

»

193(i)=not{n83(i));
n94(i)rot(r92(i)X;
n95(i)oot(ali,p)%

n96(i)=or((and(a(i,p).n®
(i), (and(u95(i).n88(:))
»

n97(iFnot(n38(i)),
n98(i)=not{nd{i));,
n9(i not(nB0(i)),
8100(iy=or((and(n80(i),n
4)(;3)))4&6(0990).1:3%
)

nl101(iy-not{n38(i));
0102(iFnot(n40(i)),
n103(i ynot(n84(i));
n104(i)=or((znd(n84(i),n
40(i))),(a0d(n103(i),n38(
1)) 4
n105iyoot{n1001));
n106(i)y"not{n104(i));
n107G )=not(a(i.p));
n108(iy=or((and(n104(i),
a(i,p))),(and(n100(i),n10
R(0)) 4

cod;

cl=0,
€2=0;¢3=0;¢4=0;c5=0;¢c
6=0;¢7=0;¢8=0;c9=0:cl
0=0;c11=0;c12=0,¢13<0
1¢14=0;¢15=0,¢16=0;c1
7=0,
¢18=0;¢19=0;c20=0;c21
=0,c22=0;c23=0,c24=0;
€25=0,¢26-0;¢27=0;c28
=0,629-0;¢30-0;c31=0;
c32=0;
€33=0;c34=0;¢35=0;c36
=0;c37=0;¢c38=0;¢c39=0;
cA0=0;c41=0;c42=0;c43
=0;c44=0;c45<=0;c46-0;
cA7=0,048=0;
¢49=0,¢50=0;¢51=0;c52
=0,c53=0;c54=0,c55-0;
©56=0;c57=0,c58=0;c59
=0,060=0;¢61=0;c62<0;
©63=0;
c54=0;065=0;c66=0;c67
=0;068=0;069-0,c70=0;
cT1=0,c72=0,c73=0,c74
=0;675<0;,c76=0,¢77-0;
c78=0,
¢79=0;c80=0;c81=0;c82
=0c83=0;c84=0,c85=0;
¢86=0;c87=0;c88=0;c89
=0,¢90=0;c91=0;c92=0;
€93=0;
€94=0,c95=0;c96=0,c97
=0,c98-0;c99-0;c100=0
+©101=0;¢102=0;¢103=0
1£104=0;¢105=0;c106=0
:¢107=0;¢108=0;

for i=1:512;

for j=1:512;

if nl@@)==n1(),

cl=cl;

else;

cl=cl+l;

end;

if R2(iy=n2(j)
c2=c2;

clas;

c2oe2+1;

end;

if a3(i=m3(j)

c3=e3;
clee;
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c3=¢3+1;

end;

if nd(iy=nd(j)
cd=c4;

clsc;

cd=cd+l;

cad;

if n3(iy=n3(j),
c$=c§;

clsc

cS=c5+1;

end;

if n6(i)==n6(j)
c6=¢6;

cloe;

cb=cH+1;

end;

if n7(i)==n7(j)
c7=c7;

¢lee;

cT=eT+1;

and;

if n8(1)y==ns(j),
c8=c8;

else;,

c8=¢c8+1;

end;

if n(i)==n9j),
c9=c9;

else;

cO=cO+1;

end;

if n10(iy=n10(j);
c10=c10;

clsc;

cl0=c10+1;

end,

if al1(iy==nl11();
cli=ecll;

eloo;

cli=cli+];

end;

if nl2i)=nl12j);
cl12=cl2;

else;

cl2=cl2+1;

end;

if a13(i)==n13()
cl3=¢l3;

clse;

cl3=cl3+1;

end;

if n14(i)==n14();
clé=l4;

clse;

clé=cld+1;

end;

if n15(i==n15(GY,
c15=clS;

cloe;

clS=c15+1;

end;

if n16(i)==n16(j);
cl6=¢c16;

clse;

cl6=c16+1;

ond;

if n17(iy==n17();
¢l7=¢17;

clss;

clT=cl7+1;

end;

if n18(iy==n18(),

cl8=cl8;
clsc;
cl8=cl8+];

cod;

if al¥(i)==n19);
cl19=¢c19;

clac;

c]19=cl19+];

end;

tf n20(i)==n20(j),
c20=c20;

clss,

¢20=¢c20+1;

cod;

if n21(i)==n21(j);
c21=¢21;

clse;,

c2l=c21+1;

end;

if n22(i)==n22(j),
N2=c22;

cloc;

c22=c22+1;

end;

if n23(i)==n23(j);
c23=¢23;

elec;

€23=¢23+1;

end;

if n24(iy==n24();
€24+c24;

clsc;

©€245c24+1;

end;
if n25(i)==n25(j);
©€25=¢2S;

clse;
c25=c25+1;

end;
if n26(i)=~n26()),
©€26=c26;

elsc;
c26°¢26+1;
end; .
if n27(i)==n27(j);
c27=¢27;
else;
€27=c27+1;
eod;
if n28(i)==n28(j);
€28=¢c28;
clsc;
c28=¢28+1;
end;
if n29(i)==n29j);
€29=¢29;
clse;
c29=c29+1;
end;
if n30(iy==n30(j);
¢30=c30;

cloe;
¢c30=¢30+1;

end;

if n31(i)=n31();
¢31=c31;

clac;

e31=c31+];

end;

if .32(i=n32(%
c32=¢32,

clsc;

€327¢32+1;



end;

if n33(i)==n33(),
c33=c33;

clse;

c33=c33+1;

end;

if a34(i=u34()
c34=¢34;

clee;

c34=c34+1;

cod;

if a38(i==n35(j%
c35=c35;

clsc,

c35=¢35+1;

end,

if n36(iy=n36(j).
c36=¢36;

clse,
¢36=c36+1;

ond;

if a3%(i==n37().
¢37=e37,

clsc;

c37=c37+1;

end;

if n38(i)==n38(j).
c38=c38;

clse;

c38=¢38+1;

ond;

if .3%(i==n39()
€39=¢39,

clac;

c39=¢c39+1;

ond;

if 040(i=n40(j %,
c40=c40;

clsc;

c40=c40+1;

end;

if nd1(i)==nd1(j).
c4l=cll;

clac,

cdl=cdl+];

eod;

if Ai)==nd2(j);
cA2=c42;

clse;

cA2=cd2+1;

od;
if p43(iy==nd3(j),
c43=cA3;
elsc;,
cd3=c43+1;
ond;
if nd4(i)==ndd(j);
cdd=cdd;
clse;
cdd=c44+];

end;
if 4343}
cA5=cAS;

else;
cAS=ed5+1;

end;

if n46(iy>=0d6()),
c46=cb;

clse;

cA6ochb+];

cnd; .
if nd7(iy==047()
cAT=cAT,

else;
cAT=c47+1;

cod;

if 048(i—nd8(j).
cA8=c48;

clac

c48=c48+1;

end;

if 049(1)==n49(j)
cA9=ch9;

clac;
c49=c49+1;

end;

if nS0(i)==n50()
c50=c50;

clsc;
c50=cS0+1;

end;

if aS1(ir=uS1(j)
cS1=c51;

clac;

cS51=cS1+1;

end;

if nS2(iy=n52()%
c52=c52;

clac;

c52=¢52+1;

end,

if aS3(i=m53(),
c53=cS$3;

clse;

c53=¢c53+1;

end;

if a54(iy>=n34());
¢54=c54;

elec;

c54=c54+];

end;

if n55(i)=nSsG)
c55=c55;

clsc;

c55=c55+1;

end;

if nS6(i)==nS6(j);
c56=c56;

clsc;
c56=c56+1;

cud;
if aS7(iy=nS7Gx
¢57=¢57,

clsc;
c57=c57+1;

cnd;
if n$8(i)==n58().
¢58-¢38;
clsc;
c58=¢58+1;

if nS9(@)==nS9);
¢59=¢cS9;

clso;

€59=c59+1;

end;

if 060(i)=n60();
©60=c60;

clsc;

c60=c60+1;

end;

if n61(i)==n61G);
cbl=chl;

clsc;

c61=c61+1;

end;
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if 062(1)==062(j )
©62=c62; .
clac,
c62=c62+1;
end;
if 063(i)==n63( )
o63=c63;
clsc;
c63=c63+1;
end;
if n64(i)==064());
ob4=cH4;

cles;
c64nc64+1;

end;
if 865(1)==n65(j);
c65=c65;
clsc;
c65=c65+1;
end;
if n66(i)=nb66(});
¢66=c66;
clec;
cb66=c66+1;

ond;

if 067(i)==n67(j)
c67=c67,

else;

bT=c67+1;

end;

if n68(i)==068(j);
c682c68;

else;

c68=c68+1;

end;

if 06Ki)==n69();

69=¢69;

clso;

c69=c69+1;

end;

if n20(iy==n70();

¢70=c70;

cloc;

¢70=c70+1;

ond;

if n71(i)==n71G);
c¢Tl=c71;

¢
cTl=c7l+1;

cnd;

if n72i)==n72(j)
cT2=cT2;

clsc,

cT2=cT2+1;

end; .
if n73(i)==73();
c73=cT3;

clsc;

c73=cT3+1;

end;

if 074(1)==074(j);
c74=c4,

else;

¢74=c74+1;

end;

if 075(iy=n75();
c75=¢75;

clac;

c75=¢75+1;

end;

if a76(iy==n76(),
¢76=c76;

clac;

c76=c76+1;
cnd;

if a77(i)=n77();
- u

clsc;

cTI=cT7+1;

end;
if a78(i)==n78(j).
¢78=c78;

clec;
cT8=c78+1;

end;

if a?9(i)>=n79(};
c79=¢79,

clscy

cT9=c79+1;

end;

if n80(i)==n80(j);
c80=c80;

clsc,

c80=c80+1;

end;
if n81(i)==n81());
c81=c8l;

else;
c8l=c81+1;
end;

if n82(i)==n82(j);
c82=¢82;

clec;
c82=c82+1;

end;
if a83(i)==n83(j);
c83=¢83;
clse;

c835¢83+1;

cnd;

if n84(i)==n84(j);
c84=c84;

elac;

c84=c84+1;

end;
if n85(i)==n83();
c85=c85;

elec;
c85=c85+1;

end;
if n86(i)==n86(j);
c86=c86;
r-3
c86=c86+1;
end;

if n87(i)==n87(j);
c87=c87;
clsc;
c87=c87+1;
cad;

if n88(i)==n88(j);
c88=c88;

cloc,
c88=c88+1;



if e91(1)==n91(j)
c91=c91;

clac,

c91=c9l+1;

end:

if 092(iy=n92(j ),
c92=c92;

clse;

€92=¢92+1;

ond;

if 893(iy==n93(j).,
€93=c93;

clse,

c93=c93+1;

end;

if n94(i)=n94(j).
c94=cd;

cisc;

cHM=cHM+1;

end;
if 095(i)==n95().
c95=c95;

clsc;
c95=c95+1;

end;

if 296(iy=n96(Y,
€96=c96;

clsc;

c96=c96+1;

end;

if 19%(iy=n97(j)
c97=c97,

elsc;,

c97=c97+1;

cod,

if n98(i)==n98(j);
c98=c98;

clsc;

c98=coB8+1;

end;

if R9(iy=u9% ).
€99=¢99,

clec;

c99=c99+1;

cod;
if 8100¢iy==n100();

¢100=c100;

clso;
¢100=c100+1;

cod;

if n101(iy==n101(j}%;
cl0l=¢101;

else;

cl101=cl101+1;

end;
if 0102(i)==n102(j);
¢102=c102;

clac;
c102=¢102+1;

cod;

if n103(iy==n103(j),
¢103=c103;

clac;

cl103=c103+1;

5) Program for Carry look-ahead adder

clear all
load inpgend.mat
s

a=input(inputno. of bits

=9

p=(2%n)+1

for i=1:512;
al(i)>not(and(a(i, 1),8(i,
)%

a2(i)=not(n1(i));

a3 Faot(n2(i));

o4(i Fnot(or(a(i, 1),(i,2)
)3

n5(i ynot(nd(i)),

o6(i Poot(nS(i)),
n7(i)=not(a(i,p)),

k=3;

a%(i not(xnd(a(i,k),a(i,(
k+1))%
n10(iyot{nS(i)%
all(iyoot(n10Gi))
a12(iynot{or(afi.k),a(i(
132))))3
al3(inot{n12(i))y;
nl4(i)y-not(n13(i));
a17%(inot(or(and({n5(i),
p10G))Hn13(i));
al8(iFnot(nl7(i)),

n19(i onot{and(n2(i),nl
oG .

n20(i ooot(n19G)));
n21(i)not(on(nS(i).(and
2L

a2 Fnot(n21())
ol5(ioot{n22Gi)y,
x2=a0d(n10(i),and{n14(i
w226

y2=and(n15(i),(or(n13(i)
S1N)
nl6G)or(x2,y2);
x1=and(n2(i),and(ns(i),a
(X)) 3
yleand((a(i,p)),or(nS(i),
a}(i));

n8(i)=or(x1,y1).

k=5;
023(i)=not(and(a(i,k),a(i
X(3d)))
024(i)Fnot(n23(i)),
n25(i ynot(n24(i));
026(i)Foot{or(a(i,k),a(i,(
k1))

027G yoot(n26G)%
028(i ynot{n27(i))

k=7,

a3 1(iFnot(and(a(i,k),a(i
N(3g2)))) 4

032G pot(n3 1(i)),
033(i)not(n32(i)),
n34(i)uot(or(a(ik),a(i,(
132))))3
035(i)=not(n34(i)),
n36(i)not(n35(i));
n39(iy-not{or(and(n27(i)
A32(i)),n35(i)));
n40(iy~not(n39(i));

04 1(i)=not{and{n24(i),n
326)));
o42(i ) not(ed1(i))
o45(i)Pnot(or(and(n18(i)
H4U1))040());

p46(i Foot(nd 5(i)),
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end;

if n104(i}==n104();
c104=c104;

clsc;

cl04=c104+1;

end;
if n105(i)==n105(j);
¢105=c10S;
clsc;
cl05=c105+1;
end;
if n106(i)==n106(}),
c106=¢c106;

clse;

cl06=c106+1;

end;

if n107(iy==n107(j);
c107=¢107;

clac;
¢107=¢107+1;

end;

if n108(i}>=n108(j)
c108=c108;

elac;

c108=c108+1;

end;

end;

end;

count I=cl+c2+c3+cd+e
S+c6+cT+cB8+c9+c10+c]
1+¢12+¢13+c14+¢cl5+cl
6+c17+c18+¢19+c20+c2

047(i)=pot{and(n20(i),n
4i);
048(iy=not(n47(i)),
pd4%(i)=not(or(n18(i),(an
d(n20(i), o(i,p)N))
aS0(i)"not(nd%i));
nd3(i)"not{or(n27(i),(an
d(n24(i)nS0G)N)
044(i y"oot(nd3(i));
n37(iy-not(nd3(i));
x4=and(n32(i),and(n34i
»043()));
y4=and(n37(i),on(n35(i),
n33@)):
n38(i)=on(x4,y4);

n29(i )=not{n50(i));
x3-and(n24(i), and(n28(i

»n50(i))); .
y3=and(n29(i),ar(n27(i),
025G
n30(iy=on(x3,y3);

ead;

cl=0;
€2=0;,c3=0;c4=0;c5=0;¢
6=0;¢7=0;c8<0;c9=0;cl
0=0;c11=0;¢12=0;c13<0
1€14=0;¢15=0;¢16=0:cl
7=0;
¢18=0;¢19=0;c20=0;c21
=0;c22=0;,c23=0;c24=0;
©25=0,¢26=0;¢27=0;c28
=0;¢29=0;¢30=0;c3 1=0;
32=0;
€330;c34=0;c35=0,c36
=0;¢37=0;c38=0;c39=0;
¢40=0;c41=0;c42=0;,c43
=0;c44=0;¢45=0,c46=0;
c47=0;c48=0;

1+c2+c23+¢24+c25+¢2
6+c27+c28+¢29+c30+c3
14c32+c33+c34+c35+c3
6+¢37+c38+c3%+cd0+c4
1+c42+c43+c44+cd5+cd
6+c47+c48+c49+¢50;
count2=count1+cS1+¢52
+c53+¢54+c55+e56+¢57
+¢58+c5%H+c60+c61+c62
+c63 +c64 +c65+e66+c67
+c68+c69+¢70+cT1+cT2
+cT3+cT4+cT5+cTV6+T7
+c78+cT79+80+c8]1+c82
+c83+c84+cBS;
count=cound2+c86+c87
+c88+c89+cO0+c91+¢92
+€93 +¢I4+cOS+c96+¢97
+c98+c99+c100+c102+c
103+c104+c105+cl06+c
107+¢108;

aver=count/(512°512);
save reecnda mat sver
save resends.mat count

c49=0;c50=0;
for i=1:512;
for j=1:512;
if nl(i)==nl();
cl=cl;

clse;

cl=el+l;

end;

if n2(i)==n2(j)
c25¢2;

clsc;

c20¢2+);

end;

if 3(i)=n3(j),
¢3=c3;

clac;

c3=c3+1];

end;

if nd(i)==n4(j)
cd=c4;

else;

cA=cd+l;

end;

if nS(iy=n3(j),
cS=cS;

clee

cS=eS+1;

cud;

if n6(iy==06(j)
c6=c6;

clac;

cb=chb+1;

end;

if n7(iy=n1(j)
cT=¢7,

¢else,
cT=cT+1;

end;



if n8(i)==n8(j)
c8=c8;

clsc,

c8=c8+1;

end;

if a(i)==n(),
c9=c9,

elac,

c9=co+1;

end;

if n10Gi)==n10( %
cl0=¢l0;

clsc,

cl10=c10+1;

end;

if al 1(iy==n1 1),
cll=ell;

clsc,

cll=cli+];

end;

if n12(iy==nl2(j).
cl2=¢cl2;

clse,

cl12=cl2+1;

cnd;

if al3(iF=nl13G)
cl3=¢cl3;

clse;

cl3=cl3+1;

end;

if nl4(i)==nl4();
cl4=cl4;

clse;

cld=cld+];

cod;

if al5(iyF=n15()
cl5=cl$;

clse,

c15=¢c15+1;

end;

if n16(i)==n16(j);
c16=¢16;

clsc,

cl6=c16+1;

cnd;
if a1 %i)=n17G),
cl17=¢17,
clac,
c17=¢17+1;
end;
if n18(iy=>n18(),
cl8=cl8;
clsc;
cl8=c18+1;

end;

if n19G)==n19G);
c19=c19;

else;

c19=c19+1;

end;

if n20(iy==n20(j),
€20=c20;

clsc;
€20=c20+1;

end; .
if n21(iy==n21();
c21=c2l;

clse,

e2)=c21+1;

end; .
if n22(i)==a22(j).
c22=c22,

clac,

c22=c22+1;

end;

if n23(i)==n23();
€23=¢23;

clse;

€23=¢23+1;

cnd;

if n24(i)=mn24(j);
c24=c24;

clse;

c2A=c24+1,

cod;

if n25(i)==n25(j);
c25=¢2S;

clac;

c25=c25+1,

end;

if n26(iy=n26()%
©26=¢26;

clsc;

€26=c26+1;

cad;
if a27(iy==n27(j)
c27=c27;

clsc;
c27=c27+1;
end;

if n28(i)==n28(j);
©28=c28;

clsc;

€28=¢28+1;

cod;

if n29(i)==n29(j);
¢29=c29,

clee;

€29=c29+1;

end,

if n30(i=n30();
€30=c30;

clsc;
c30=c30+1;
end;
if 31()=n31(j);
c31=c3l;
clsc;
e31=c31+];
cad;
if a32(iF=n32(j),
€32=c32;
clse;
c32=c32+1;
end;
if n33(i)==n33(j%
©€33=¢33;
clse;
€33=c33+1;
end;
if n34(i)==n34(j);
c34=¢34;

clsc;
€34=c34+1;

end;
if n35(iy=n35(%
€35=¢35;

clee;
€35=c35+1;

cod;
if n36(iy=n36(G);
¢36=c36;

elsc;

€36=¢c36+1;

end;

if m37(iy=n37(),
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c37=c37;
else; .
c37=c37+1;

cnd,

if n38(i)==n38():
c38=c38;

clse;

c38=c38+1;

end;

if n39(i)==n39():
¢39=¢39,
clse;
c39=c39+1;
end;
if n40(i)==n40(j);
c40=¢c40;
clse;
c40=c40+1;
end;
if nd1(i)==nd1(j);
cdl=cdl;
clae;
cdl=cdl+1;
cod;
if n42(i)==n42(j);
c42=c42,
clse;
cd42=c42+1;
end;

if 043(i)==n43(j)
c43=c43;

elsc;
c43=cd3+1;
end;

if n44(i)==nd4(j);
c44=cd4;

cleo;

c44=c44+1;

end;

if nd45(iy==nd5();
c45=c4S;

clec;

c45=c45+1;

end;

if 046(1)==n46(j).
c46=c46;

clse;

cdbecdb+1;

end;

if nd7(i)==n47()

c47=¢AT,

clse;

cAT=cAT+1;

end;

if n48(iy=n48(j),
c48=c48;

clse

c48=c48+1;

end;

if ndX(iy=n49()
c49=c49;

clse;
c49=c49+1];

cod;

if n30(i)==n50(j)
c50=c50;

clse;
c50=c50+1;

end;

end,;

end;
count=cl+c2+c3+cd+c$
+cb+eT+c8+cP+cl0+cl]
+c12+c13+cld+cIS+cl6
+c]17+c18+¢19+c20+c21
+e22+c23+c24+c25+¢26
+¢27+c28+c29+c30+c31
+¢32+¢33+c34+¢354c36
+c37+c38+¢39+c40+c4]
+c42+c43+cdd+cd5+c46
+c4T+cd8+c49+c50;
aver=count/(512°512);
save resfociamat aver



APPENDIX A9

CMOS inverter with full high-level logic at the input

Variation of output voltage with time for (w/) =5
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CMOS inverter with degraded high-level logic at the input

Vanation of output voltage with time for (w/l) =5
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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 Vt0=0.622490 Uo=1215.74

+ Uexp=4.612355E-2 Ucrit=174667 Delta=0.0

+ Vmax=177269 Xj=0.%9u

+ Nfs=4.55168E+12 Neff=4.68830 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 Vt0=-0.63025 Uo0=361.941

+ Uexp=8.886957E-02 Ucrit=637449 Delta=0.0

+ Vmax=63253.3 Xj=0.11279%u

+ Nfs=1.668437E+11 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
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APPENDIX B2

Results of worst-case propagation delay without taking circuit parasitics into
account for fully static logic design style

Worst-case propagation delay (ns)
Transistor | Operand Canry Condition- | Carry | Carry | Ripple
size Size look- al sum select skip carry
/) ahead

4 1.4 1.78 1.41 1.44 1.24

8 1.97 2.64 1.93 2.67 2.61

s 16 2.58 4.30 3.28 3.38 5.28
. 32 3.19 7.65 5.9 493 10.65
64 3.89 14.38 11.25 7.88 21.44

4 1.32 1.73 1.35 1.37 1.20

8 1.89 2.58 1.87 2.58 2.51

3 16 2.48 423 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

4 1.31 1.69 1.34 1.36 1.19

8 1.86 2.55 1.84 2.52 2.47

5 16 2.44 418 3.11 3.21 5.03
32 3.09 7.49 5.7 4.66 10.30
64 3.75 14.07 10.95 7.53 20.70
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APPENDIX B3

Simulation results of different adders

Results of ripple car dder

TABLE T1: WORST-CASE PROPAGATION-DELAY AND ENERGY-CONSUMPTION PER ADDITION OF
RIPPLE CARRY ADDER FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

FULLY STATIC CMOSLOGIC  (/=1.2pm)

(w/l) Performance metrics 4-bit | 8-bit | 16-bit | 32-bit | 64-bit
Worst-case propagation delay
1.5 in (Secondsx10°%) 3.51 8.09 | 18.01 | 46.09 | 120.70
Energy consumption per additon in
(Joules x10°1? 027 | 067 | 1.58 | 430 [ 1196
Worst-case propagation delay
3 |in (Secondsx10®) 268 | 6.07 | 13.30 | 31.01 | 75.69
Energy consumption per additon in
(Joules x107? 041 [ 098 | 226 | 551 | 13.95
Worst-case propagation delay
5 in (Secondsx10%) 2.39 5.30 11,87 | 25.52 | 60.33
Energy consumption per additon in
(Joules x1071? 059 | 1.41 | 323 | 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 CMOSLOGIC (=1.2pm)

w) Performance metrics 4-bit | 8-bit | 16-bit | 32-bit | 64-bit
Worst-case propagation delay in
1.5 | (Secondsx10?) 6.29 146 | 31.03 | 73.36 | 183.38
Energy consumption per additon in
(Joules x101” . 1.04 | 222 | 478 [ 1098 | 26.82
Worst-case propagation delay in
3 (Secondsxw'9) 458 | 1044 | 226 | 50.86 | 116.82
Energy consumption per additon in
(Joules x107? 1.59 | 3.42 | 7.26 | 15.99 | 36.33
Worst-case propagation delay in
5 (Secondsx10 424 | 899 | 18.88 ( 41.20 | 91.66
Energy consumption per additon in
(Joules x10°'? 241 | 493 | 1028 | 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 (F1.2pm)

w/l) Performance metrics 4-bit | 8-bit | 16-bit | 32-bit | 64-bit
Worst-case propagation delay in
15 | (Secondsx10?) 3.62 | 737 | 17.11 | 39.78 | 97.32
Energy consumption per additon in
(Joules x107'? 056 | 1.16 | 282 | 632 | 17.76
Worst-case propagation delay in
3 (Secondsx10®) 2.73 | 5.55 | 11.77 | 26.62 | 69.52
Energy consumption per additon in
(Joules x107'? 082 | 1.73 | 3.80 | 865 | 24.11
Worst-case propagation delay in
5 (Secondsx10 240 | 4.93 | 1037 | 22.18 | 53.10
Energy consumption per additon in
(Joules x10°'? 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)

i) Porformance mewics 2ot | 8-bit | 16-bit | 32-bit | 64-bit
Worst-case propagation delay in
15 | (Secondsx10?) 543 | 12.42 | 27.34 | 60.34 [142.18
Energy consumption per additon in
(Joules x1071? 0.63 | 1.43 | 329 | 736 | 17.56
Worst-case propagation delay in
3 (Secondsx10) 4.16 | 9.07 | 19.05 | 42.12 | 96.05
Energy consumption per additon in
(Joules x107'? 0.95 | 2.14 | 454 | 10.20 | 24.10
Worst-case propagation delay in
5 (Secondsx10 364 | 793 | 16.51 | 35.57 | 78.68
Energy consumption per additon in
(Joules x10™” 1.36 | 3.04 | 650 | 1423 | 32.22
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Results of ca 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 (If=l.2pm)
w/l) Performance metrics 4-bit | 8-bit | 16-bit | 32-bit | 64-bit

Worst-case propagation delay

15 | in (Secondsx10?) 418 | 7.90 | 11.74 | 18.79 | 37.12
Energy consumption per additon in
(Joules x107'? 031 | 075 | 193 | 491 | 13.24
Worst-case propagation delay

3 |in (Secondsx10%) 3.6 | 600 | 830 | 13.09 | 24.68
Energy consumption per additon in
(Joules x107'? 045 | 1.08 | 261 | 645 | 16.89
Worst-case propagation delay

5 in (Secondsx10™%) 267 | 538 | 721 | 10.78 | 19.66
Energy consumption per additon in
(Joules x107? 067 | 1.64 | 3.79 | 873 | 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 (i=1.2pm)
(w/) Performance metrics 4-bit | 8-bit | 16-bit | 32-bit | 64-bit

Worst-case propagation delay in

1.5 | (Secondsx10®) 6.86 | 14.84 | 19.74 | 32.22 | 64.84
Energy consumption per additon in
(Joules x1071? 1.12 | 239 | 530 | 12.28 | 30.50
Worst-case propagation delay in

3 (Secondsx10"%) 544 | 10.88 | 14.25 | 22.43 | 42.08
Energy consumption per additon in
(Joules x10'? 1.79 | 3.70 | 8.02 | 17.98 | 41.65
Worst-case pro ion delay in

5 (Secondsx10 464 | 902 | 1192|1805 | 3223
Energy consumption per additon in
(Youles x107'” 258 | 522 | 1141 | 24.87 | 56.31
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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 (=1.2pm)

w/l) Performance metrics 4-bit | 8-bit | 16-bit | 32-bit | 64-bit
Worst-case propagation delay in
1.5 | (Secondsx10?) 490 | 9.08 | 15.73 | 26.27 | 57.12
Energy consumption per additon in
(Joules x10°1? 065 | 1.65 | 405 | 9.06 | 25.60
Worst-case propagation delay in
3 (Secondsx10®) 3.33 | 6.54 | 10.16 | 17.61 | 33.54
Energy consumption per additon in
(Joules x107? 090 | 241 | 562 | 12.59 | 33.05
Worst-case propagation delay in
5 (Secondsx10 305 | 577 | 857 | 148 | 289
Energy consumption per additon in
(Joules x1071? 1.38 | 358 | 7.94 | 18.04 | 47.12

TABLE T8: WORST-CASE PROPAGATION DELAY AND ENERGY CONSUMPTION OF CARRY SKIP
ADDER FOR DIFFERENT OPERAND SIZES AND TRASISTOR SIZES
DUAL PASS TRANSISTOR LOGIC (=L.2pm)

w/) Performance metrics 4-bit | 8-bit | 16-bit | 32-bit | 64-bit
Worst-case propagation delay in
1.5 | (Secondsx10) 6.66 | 14.15 | 21.44 | 35.77 | 70.35
Energy consumption per additon in
(Joules x10™? 074 | 1.82 | 427 | 10.06 | 24.36
Worst-case propagation delay in
3 (Secondsx10%) 484 | 952 | 12.98 | 23.97 | 45.50
Energy consumption per additon in
(Joules x1071? 1.07 | 246 | 6.05 | 13.54 | 32.19
Worst-case propagation delay in
5 (Secondsx10 423 | 843 | 1254 | 20.44 | 39.21
Energy consumption per additon in
(Joules x10™'? 1.52 | 365 | 868 | 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 (<1.2pm)

(w/l) Performance metrics 4-bit | 8-bit | 16-bit | 32-bit | 64-bit

Worst-case propagation delay in

15 | (Secondsx10™) 490 | 9.08 | 15.73 | 26.27 | 57.12
Energy consumption per additon in
(Joules x107'? 065 | 1.65 | 405 | 9.06 | 25.60
Worst-case propagation delay in

3 (Secondsx10?) 3.33 | 6.54 | 10.16 | 17.61 | 33.54
Energy consumption per additon in
(Joules x107'? 090 | 241 | 562 | 12.59 | 33.05
Worst-case pro ion delay in

5 (Secondsx10 305 | 577 | 857 | 148 | 289
Energy consumption per additon in
(Joules x1071? 1.38 | 3.58 | 7.94 | 18.04 | 47.12

TABLE T8: WORST-CASE PROPAGATION DELAY AND ENERGY CONSUMPTION OF CARRY SKIP
ADDER FOR DIFFERENT OPERAND SIZES AND TRASISTOR SIZES
DUAL PASS TRANSISTOR LOGIC ($=1.2pm)

w/l) Performance metrics 4-bit | 8-bit | 16-bit [ 32-bit | 64-bit
Worst-case propagation delay in
15 | (Secondsx10) 6.66 | 14.15 | 21.44 | 35.77 | 70.35
Energy consumption per additon in
(Joules x1071? 074 | 1.82 | 427 | 10.06 | 24.36
Worst-case propagation delay in
3 (Secondsx10®%) 484 | 952 | 12.98 | 23.97 | 45.50
Energy consumption per additon in
(Joules x107'9 1.07 | 2.46 | 6.05 | 13.54 | 32.19
Worst-case propagation delay in
5 (Secondsx10 423 | 843 | 12.54 | 20.44 | 39.21
Energy consumption per additon in
(Joules x10™'¥ 1.52 | 365 | 868 | 1878 | 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 CMOSLOGIC  (/=1.2pm)

w/l) Performance metrics 4-bit 8-bit | 16-bit | 32-bit | 64-bit
Worst-case propagation delay
15 | in(Secondsx10™) 3.55 | 5.14 | 11.00 | 22.32 | 48.10
Energy consumption per additon in
(Joules x10°'? 061 | 1.08 | 304 | 7.30 | 17.09
Worst-case propagation delay
3 |in (Secondsx10%) 2.85 | 401 | 7.90 | 15.28 | 31.85
Energy consumption per additon in
(Joules x10°'? 0.94 | 1.59 | 4.38 | 10.02 | 23.77
Worst-case propagation delay
5 in (Secondsx10®) 265 | 3.61 | 6.16 | 12.13 | 25.95
Energy consumption per additon in
(Joules x10™'? 1.38 | 237 | 6.07 | 14.18 | 36.84

TABLE T10: WORST-CASE PROPAGATION DELAY AND ENERGY CONSUMPTION OF CARRY SELECT
ADDER FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

DOMINO CMOS LOGIC (F~1.2pm)

(w/l) Performance metrics 4-bit | 8-bit | 16-bit | 32-bit | 64-bit
Worst-case propagation delay in
15 | (Secondsx10®) 7.02 | 1005 | 153 | 32.4 | 84.88
Energy consumption per additon in
(Joules x1071¥ 240 | 3.44 | 837 | 19.58 | 48.44
Worst-case propagation delay in
3 (Secondsx10™) 549 | 7.34 | 10.83 | 22.31 | 53.30
Energy consumption per additon in
(Joules x107 3.84 | 532 [ 12.78 | 29.73 | 68.32
Worst-case propagation delay in
3 (Secondsx10 486 | 623 | 9.56 | 17.74 | 40.44
Energy consumption per additon in
(Joules x10" 5.64 | 7.71 | 18.75 | 42.26 | 97.12
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TABLE T11: WORST-CASE PROPAGATION DELAY AND ENERGY CONSUMPTION OF CARRY SELECT

ADDER FOR DIFFERENT OPERAND SIZES AND TRASISTOR SIZES
COMPLEMENTARY PASS TRANSISTOR LOGIC (=1.2pm)

(w/l) Performance metrics 4-bit | 8-bit | 16-bit | 32-bit | 64-bit
Worst-case propagation delay in
L5 | (Secondsx10") 426 | 560 | 10.30 | 22.94 | 57.11
Energy consumption per additon in
(Youles x1071? 119 | 1.59 | 3.81 | 10.39 | 24.96
Worst-case propagation delay in
3 (Secondsx1 0’9) 3.15 4.14 6.67 17.04 | 32.54
Energy consumption per additon in
(Joules x107? 1.80 | 226 | 5.35 | 14.41 | 31.77
Worst-case propagation delay in
3 (Secondsx10 2.86 | 350 | 578 | 12.73 | 26.63
Energy consumption per additon in
(Joules x107? 2.71 | 357 | 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/l) Performance metrics 4-bit | 8-bit | 16-bit | 32-bit | 64-bit

Worst-case propagation delay in

1.5 | (Secondsx10%) 631 [ 7.81 | 14.55 | 29.82 | 70.53
Energy consumption per additon in
(Joules x10°'? 1.43 | 220 | 6.11 | 16.40 | 31.11
Worst-case propagation delay in

3 (Secondsx10™®) 469 | 619 | 10.19 | 19.84 | 44.39
Energy consumption per additon in
(Joules x10™® 211 | 3.18 | 921 | 22.39 | 41.82
Worst-case propagation delay in

5 (Secondsx10 406 | 533 | 859 | 16.19 |34.43
Energy consumption per additon in
(Joules x10™'? 296 | 458 | 1501 | 3492 | 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 (F1.2pm)

(w/l) Performance metrics 4-bit | 8-bit | 16-bit | 32-bit | 64-bit
Worst-case propagation delay
15 | in (Secondsx10?) 462 | 626 | 11.67 | 27.00 | 61.70
Energy consumption per additon in
(Joules x10"'? 090 | 1.81 | 3.76 | 7.90 | 22.14
Worst-case propagation delay
3 in (Seconds><10'9) 3.62 4,95 8.51 18.24 | 38.98
Energy consumption per additon in
(Joules x107'9 1.35 2.71 5.60 11.31 | 30.49
Worst-case propagation delay
5 in (Secondsx10™) 3.17 | 439 | 735 | 143 | 323
Energy consumption per additon in
(Joules x10"'? 1.98 | 4.04 | 828 | 16.76 | 41.80

TABLE T14: WORST-CASE PROPAGATION DELAY AND ENERGY CONSUMPTION OF CONDITIONAL
SUM ADDER FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES
DOMINO CMOS LOGIC (i=1.2pm)

(w/l) Performance metrics 4-bit | 8-bit | 16-bit | 32-bit | 64-bit
Worst-case propagation delay in
15 | (Secondsx10?) 480 | 632 | 1053 ] 23.30 | 54.08
Energy consumption per additon in
(Joules x1071? 142 | 299 | 622 | 13.65 | 29.77
Worst-case propagation delay in
3 (Secondsx10®) 369 | 474 | 748 | 1530 | 32.52
Energy consumption per additon in
(Joules x107'¥ 219 | 463 | 9.54 | 20.46 | 43.47
Worst-case propagation delay in
5 (Secondsx10 3.19 | 402 | 6.19 | 11.85 | 24.40
Energy consumption per additon in
(Joules x10°'? 323 | 665 | 13.97 | 2925 | 61.92

214



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=1.2pm)

(w/l) Performance metrics 4-bit | 8-bit | 16-bit | 32-bit | 64-bit

Worst-case propagation delay in

1.5 | (Secondsx10”) 3.50 | 436 | 7.43 | 17.15 | 41.31
Energy consumptlon per additon in
(Joules x10™ 0.80 1.65 | 329 | 7.55 | 19.39
Worst-case propagation delay in

3 (Secondsx107%) 222 | 324 | 509 | 10.66 | 24.59
Energy consumptlon per additon in
(Joules x10°1° 1.16 2.33 4.53 10.00 [ 24.58
Worst-case propagation delay in

5 | (Secondsx10 198 | 278 | 442 | 940 | 188
Energy consumption per additon in
(Joules x10°'¢ 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 (k=1.2pm)

w/l) Performance metrics 4-bit | 8-bit | 16-bit | 32-bit | 64-bit
Worst-case propagation delay in
15 | (Secondsx10%) 431 | 491 | 7.54 | 13.93 | 31.09
Energy consumption per additon in
(Joules x10? 108 | 192 | 405 | 921 | 2270
Worst-case propagation delay in
3 (Secondsx10) 293 | 347 | 514 | 889 | 18.29
Energy consumption per additon in
(Joules x1071? 1.40 | 2.58 | 5.34 | 11.34 | 26.63
Worst-case propagation delay in
5 (Secondsx10 259 | 302 | 435 | 7.26 | 14.39
Energy consumption per additon in
(Joules x107? 194 | 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 CMOSLOGIC  (/=1.2pm)

w/l) Performance metrics 4-bit | 8-bit | 16-bit | 32-bit | 64-bit

Worst-case propagation delay

15 | in (Secondsx10®) 3.91 | 548 | 7.290 | 10.34 | 14.27
Energy consumption per additon in
(Joules x107? 037 | 083 | 1.92 | 482 | 11.61
Worst-case propagation delay

3 |in (Secondsx10?) 302 | 419 | 550 | 7.67 | 10.27
Energy consumption per additon in
(Joules x1071? 061 | 1.22 | 265 | 6.16 | 15.85
Worst-case propagation delay

5 in (Secondsx10%) 265 | 355 | 474 | 6.15 | 8.38
Energy consumption per additon in
(Joules x10? 086 ( 1.71 | 382 | 853 | 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 (&=1.2pm)

(w/l) Performance metrics 4-bit | 8-bit | 16-bit | 32-bit | 64-bit
Worst-case propagation delay in
15 [ (Secondsx10) 551 | 8.50 | 11.25 | 1546 | 26.40
Energy consumption per additon in
(Joules x10°'? 1.14 | 2.48 | 532 | 12.06 | 28.41
Worst-case propagation delay in
3| (Secondsx10"%) 423 | 605 | 814 | 1087 | 16.82
Energy consumption per additon in
(Joules x107'? 1.81 | 376 | 7.90 | 17.47 | 38.65
Worst-case propagation delay in
3 (Secondsx10 364 | 521 | 684 | 9.01 | 13.44
Energy consumption per additon in
(Joules x1071? 260 | 540 [ 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 TRASISTOR SIZES

COMPLEMENTARY PASS TRANSISTOR LOGIC (=1.2pm)

(w/l) Performance metrics 4-bit | 8-bit | 16-bit | 32-bit | 64-bit

Worst-case propagation delay in

15 1 (Secondsx10™) 456 | 646 | 11.22 | 14.78 | 22.85
Energy consumption per additon in
(Joules x10'? 0.78 | 292 | 6.85 | 15.49 | 39.59
Worst-case propagation delay in

3 (Secondsx10®) 337 | 499 | 7.05 | 10.81 | 1494
Energy consumption per additon in
(Joules x10°'? 1.18 | 431 | 9.73 | 21.87 | 51.73
Worst-case propagation delay in

5 (Secondsx10 292 | 432 | 587 | 830 | 11.09
Energy consumption per additon in ’
(Joules x107'® 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 (5=1.2pm)

(w/l) Performance metrics 4-bit | 8-bit | 16-bit | 32-bit | 64-bit

Worst-case propagation delay in

15 | (Secondsx10%) 738 | 11.15 | 15.85 | 23.22 | 34.14
Energy consumption per additon in ‘
(Joules x10™? 085 | 1.80 | 3.86 | 9.40 [ 23.63
Worst-case propagation delay in

3| (Secondsx10™%) 542 | 828 | 11.95 | 16.45 | 22.90
Energy consumption per additon in
(Joules x1071? 1.24 | 260 | 569 | 13.00 | 30.33
Worst-case propagation delay in

3 (Secondsx10 464 | 7.08 | 10.11 | 13.72 | 18.68
Energy consumption per additon in
(Joules x10"? 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

TABLE T30: PARASTIC DEGRADATION FACTOR (a) AND GATE COUNT (n) OF RIPPLE CARRY ADDER
FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

FULLY STATIC CMOSLOGIC  (=1.2pm)

4-bit 8-bit 16-bit 32-bit 64-bit
w/ n=8 n=16 n=32 n=64 n=128
) a a a (1] a
1.5 1.661 1.919 2.145 2.742 3.581
3 1.554 1.743 1.983 2.258 2.719
) 1.600 1.587 1.935 2.160 2.535

TABLE T31: PARASTIC DEGRADATION FACTOR (a) AND GATE COUNT (n) OF RIPPLE CARRY ADDER
FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

DOMINO CMOS LOGIC ((1.2pm)

4-bit 8-bit 16-bit 32-bit 64-bit
wl) | n=16 n=32 n=64 n=128 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  (/=1.2pm)

4-bit 8-bit 16-bit 32-bit 64-bit
w/l) n=13 n=25 n=49 n=97 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  (#=1.2pm)
4-bit 8-bit 16-bit 32-bit 64-bit
W) n=16 n=32 n=64 n=128 n=256
[+ a a a a
1.5 1.656 1.890 2.078 2.293 2.699

1.602 1.747 1.780 1.942 2.214
1.569 1.692 1.778 1.911 2.116

W
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RESULTS OF CARRY SKIP ADDER

TABLE T34: PARASTIC DEGRADATION FACTOR (@) AND GATE COUNT (n) OF CARRY SKIP ADDER
FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

FULLY STATIC CMOSLOGIC  (/=1.2pm)

4-bit 8-bit 16-bit 32-bit 64-bit
w/1 n=12 n=22 n=30 n=46 n=78
) o 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
S 1.121 1.158 1.136 1.184 1.274

TABLE T35: PARASTIC DEGRADATION FACTOR (a) AND GATE COUNT (n) OF CARRY SKIP ADDER
FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

DOMINO CMOSLOGIC  (F1.2pm)

4-bit 8-bit 16-bit 32-bit 64-bit
w/l) |  n=20 n=38 n=46 n=62 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 TRANSISTORLOGIC  (~1.2pm)

4-bit 8-bit 16-bit 32-bit 64-bit
w/) n=16 n=26 n=34 n=50 n=82
a a a a o
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

TABLE T37: PARASTIC DEGRADATION FACTOR (a) AND GATE COUNT (n) OF CARRY SKIP ADDER
FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

DUAL PASS TRANSISTOR LOGIC ~ (¥=1.2pm)

4-bit 8-bit 16-bit 32-bit 64-bit
w/) n=19 | n=35 n=43 n=59 n=91
a a a a a
1.5 1.656 1.901 2.351 2.849 3.645
1.478 1.627 1.811 2.322 2.856
5 1.485 1.580 1.909 2.308 2.846

w
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RESULTS OF CARRY SELECT ADDER

TABLE T38: PARASTIC DEGRADATION FACTOR (a) AND GATE COUNT (n) OF CARRY SELECT

ADDER FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

FULLY STATIC CMOSLOGIC  (F=1.2pm)
4-bit 8-bit 16-bit 32-bit 64-bit
w/l) n=10 n=12 n=20 n=36 n=68
a a a aQ 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 CMOSLOGIC  (/=1.2pm)
4-bit 8-bit 16-bit 32-bit 64-bit
w/A) n=20 n=20 n=28 n=44 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

TABLE T40: PARASTIC DEGRADATION FACTOR (a) AND GATE COUNT (n) OF CARRY SELECT

ADDER FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

COMPLEMENTARY PASS TRANSISTOR LOGIC  (F1.2pm)
4-bit 8-bit 16-bit 32-bit 64-bit
W) n=17 =17 n=25 n=41 n=73
a [+ a a o
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

TABLE T41: PARASTIC DEGRADATION FACTOR () AND GATE COUNT (n) OF CARRY SELECT

ADDER FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

DUAL PASS TRANSISTORLOGIC  (F=1.2pm)
4-bit 8-bit 16-bit 32-bit 64-bit
w) n=20 n=20 n=28 n=44 n=76
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 STATICCMOSLOGIC (1.2pm)

4-bit 8-bit 16-bit 32-bit 64-bit
w/) n=10 n=12 n=16 n=24 n=40
a a a o a

1.5 1.334 1.511 2.107 3.335 4459
3 1.264 1.407 1.870 2.665 3.401
5 1.132 1.358 1.873 2.424 3.305

TABLE T43: PARASTIC DEGRADATION FACTOR (¢) AND GATE COUNT (n) OF CONDITIONAL SUM
ADDER FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES
DOMINO CMOSLOGIC  (F=1.2am)
4-bit 8-bit 16-bit 32-bit 64-bit
w/) n=10 n=12 n=16 n=24 n=40

a a a a a

1.5 2.041 2.247 2.805 4.114 5.749
1.939 2.086 2.422 3.294 4.176
1.883 2.028 2.336 2.983 3.660

wniw

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  (=1.2pm)
4-bit 8-bit 16-bit 32-bit 64-bit
W) | n=11 n=14 n=20 n=32 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
S 0.926 1.063 1.184 1.540 1.812

TABLE T45: PARASTIC DEGRADATION FACTOR (a) AND GATE COUNT (n) OF CONDITIONAL SUM
ADDER FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

DUAL PASS TRANSISTOR LOGIC  (=1.2pm)

4-bit 8-bit 16-bit 32-bit 64-bit
(w/l) n=11 n=14 n=20 n=32 n=55
a a a a a

1.5 0.888 0.795 0.949 1.217 1.675
0.740 0.682 0.788 0.941 1.202
5 0.735 0.668 0.760 0.895 1.098

w
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RESULTS OF CARRY LOOK-AHEAD ADDER

TABLE T46: PARASTIC DEGRADATION FACTOR (a) AND GATE COUNT (n) OF CARRY-LOOK AHEAD
ADDER FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

FULLY STATIC CMOSLOGIC (FF1.2pm)

' 4-bit 8-bit 16-bit 32-bit 64-bit
w/l) n=12 n=16 n=20 n=24 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

TABLE T47: PARASTIC DEGRADATION FACTOR (a) AND GATE COUNT (n) OF CARRY-LOOK AHEAD
ADDER FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES
DOMINO CMOS LOGIC  (/=1.2pm)

4-bit 8-bit 16-bit 32-bit 64-bit
w/l) n=10 n=14 n=18 n=22 n=26
a o o o a
1.5 1.965 2.164 2.225 2.503 3,615
1.835 1.872 1.959 2.143 2.797
1.839 1.879 1.929 2.074 2.620

w

[V,

TABLE T48: PARASTIC DEGRADATION FACTOR (a) AND GATE COUNT (n) CARRY-LOOK AHEAD
ADDER FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES
COMPLEMENTARY PASSTRANSISTOR LOGIC  (/=1.2pm)

4-bit 8-bit 16-bit 32-bit 64-bit
w/l) n=12 n=16 =20 =24 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

TABLE T49: PARASTIC DEGRADATION FACTOR (a) AND GATE COUNT (n) CARRY LOOK-AHEAD
ADDER FOR DIFFERENT OPERAND SIZES AND TRANSISTOR SIZES

DUAL PASS TRANSISTOR LOGIC  (i=1.2pm)
4-bit 8-bit 16-bit 32-bit 64-bit
wA) n=12 n=16 n=20 n=24 n=28
a a a a a
1.5 1.860 2.108 2.394 2935 3.688
1.659 1.897 2.195 2.530 2.999
5 1.657 1.900 2,164 2,446 2.857

w
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Energy-delay product (EDP) of different adders

Energy-delay product of Ripple carry adder

TABLE T50: ENERGY DELAY PRODUCT OF RIPPLE CARRY ADDER FOR DIFFERENT LOGIC DESIGN

APPENDIX BS

STYLES AND TRANSISTOR SIZES

(F1.2pm)
Logic design style | (w/)) EDP in (Joules-sec x10™")
4-bit 8-bit | 16-bit | 32-bit 64-bit
1.5 0.970 5.488 | 28.506 | 198.233 | 1444.764
Fully static CMOS 3 1.093 6.001 | 30.173 | 170.870 | 1055.965
5 1.423 7.466 | 38.429 | 182.964 | 1106.776
1.5 6.552 | 32.536 | 148.463 | 805.576 | 4919.352
Domino CMOS 3 7.319 | 35.727 | 164.077 | 813.338 | 4244.932
5 10.204 | 44.386 | 194.242 | 912.382 | 4494.149
1.5 2.039 8.586 | 48.283 | 251.517 | 1728.942
CPL 3 2.254 9.640 | 44.777 | 230.417 | 1676.437
5 2977 |12.423] 56.155 | 262.693 | 1627.743
1.5 3435 |17.766| 90.018 | 443.861 | 2496.525
DPL 3 3.935 |19.392] 86.436 | 429.607 [2314.917
5 4960 | 24.096|107.302 [ 505.997 | 2535.070

Energy-delay product of Carry skip adder
TABLE T51: ENERGY DELAY PRODUCT OF CARRY SKIP ADDER FOR DIFFERENT LOGIC DESIGN

STYLES AND TRANSISTOR SIZES
(=1.2pm)
Logic design style | w/) EDP in (Joules-sec x10™)
4-bit 8-bit | 16-bit | 32-bit 64-bit
1.5 1.326 5010 | 22.722 | 92.345 | 491.752
Fully static CMOS 3 1.428 6.487 | 21.723 | 84.529 | 417.009
5 1.813 8.834 | 27.390 | 94.192 | 415.120
1.5 7.692 | 35.508 | 104.705 | 395.979 | 1978.020
Domino CMOS 3 9.772 | 40.308 | 114.396 | 403.410 | 1752.878
s 11.987 | 47.135] 136.135 | 449.169 | 1815.228
1.5 3.190 | 15.039| 63.808 | 237.984 | 1503.516
CPL 3 3.006 |15.739] 57.100 | 221.783 | 1108.498
S 4213 | 20.670| 68.074 | 267.097 | 1361.797
1.5 4911 |25.809] 91.461 | 359.840 | 1713.574
DPL 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 | (w/l) EDP in (Joules-sec x10°™)
4-bit 8-bit | 16-bit | 32-bit | 64-bit
1.5 2.178 5.583 | 33.541 | 162.953 | 822.065
Fully static CMOS 3 2.691 6.397 | 34.602 | 153.125 | 757.286
5 3.671 8.577 | 37.441 | 172.089 | 956.188
1.5 16.901 | 34.587 | 128.084 | 634.556 | 4111.623
Domino CMOS 3 21.132 | 39.097 | 138.423 | 663.347 | 3641.943
5 27.420 | 48.060 | 179.252 | 749.869 | 3927.642
1.5 5.110 8.951 | 39.255 | 238.516 | 1425.785
CPL 3 5.685 9372 | 35.688 | 245.644 | 1033.827
5 7.752 | 12.504 | 45.007 | 248.834 | 1076.593
1.5 9.004 | 17.209 | 88.831 | 489.048 | 2194.421
DPL 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

(=1.2pm)
Logic design style | (w/) EDP in (Joules-sec 10 )
4-bit 8-bit 16-bit 32-bit 64-bit
1.5 4,253 11.834 | 49.277 | 269.644 | 1366.246
Fully static CMOS 3 5.076 14.294 | 56.758 | 267.806 | 1188.771
5 6.359 18.909 | 64.403 | 275.764 | 1350.191
1.5 6.830 18.916 | 65.482 | 318.223 | 1610.230
Domino CMOS 3 8.126 21.952| 71.408 | 313.168 | 1413.880
5 10.310 26.791 | 86.514 | 346.705 | 1510.901
1.5 2.811 7.195 | 24.463 | 129.518 | 801.102
CPL 3 2.589 7.568 | 23.101 | 106.601 | 604.505
5 3.368 9.379 | 28.607 | 131.524 | 622.131
1.5 4.664 9.416 | 30.520 | 128.307 | 705.598
DPL 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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Energy-delay product of Carry look-ahead adder

TABLE T$4: 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 x10™)
4-bit 8-bit 16-bit 32-bit 64-bit

1.5 1.471 4.569 | 14.033 49.859 165.743

Fully static CMOS 3 1.835 5.130 | 14.621 47.279 162.872
5 2.302 6.056 | 18.123 52.514 171.736

1.5 6.315 21.145] 59.910 | 186.480 | 750.227

Domino CMOS 3 7.664 22.777| 64.327 | 189.974 | 650.209
5 9.497 28.137 | 76.366 | 217.684 | 716.533

1.5 3.563 18.888 | 76.960 | 229.037 | 904.637

CPL 3 3.983 21.494 | 68.632 | 236.469 | 772.992
5 4,994 26.998 | 80.443 | 261.355 | 783.581

1.5 6.299 20.081 | 61.133 | 218.347 | 806.610

DPL - 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)

TABLE T55: CORE AREA OF DIFFERENT 64-BIT ADDERS FOR DIFFERENT LOGIC DESIGN STYLES WITH

wih=15 (=1.2um)
Logic Core Area in (um)*
design | Ripple carry Carry skip Carry select Conditional Carry look
style adder adder adder sum adder ahead adder

Fully
static 6,022,972.08 | 6,792,722.64 | 9,399,124.80 | 10,959,092.64 | 7,276,699.80
CMOS
Domino | 9,355,792.32 | 10,364,664.96 | 18,029,017.44 | 13,215,294.00 | 10,930,532.40
CMOS
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
i  Logic Operand Adder
design size | Ripple carry | Carry skip | Carry select | Conditional | Carry look-

style sum ahead

4 144 172 356 382 198

Fully 8 288 316 500 764 406
static 16 576 660 1212 1528 822
CMOS 32 1152 1348 2636 3056 1654
64 2304 2724 5484 6112 3318

4 224 254 530 416 258

Domino 8 448 478 754 832 518
CMOS 16 896 986 1814 1664 1038
32 1792 2002 3934 3328 2078

64 3584 4034 8174 6656 4158

4 120 156 280 170 204

8 240 320 400 340 420

CPL 16 480 640 960 680 852
32 960 1280 2080 1360 1716

64 1920 2560 4320 2720 3444

4 216 274 488 306 324

8 432 548 704 612 668
DPL 16 864 1096 1680 1224 1356
32 1728 2192 3632 2448 2732
64 3456 4384 7536 4896 5484
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APPENDIX B7

Energy consumption per addition of different 4-bit adders for random inputs

TABLE T57: AVERAGE ENERGY CONSUMPTION PER ADDITION OF DIFFERENT 4-BIT
ADDERS WITH RANDOMLY APPLIED TEN SETS OF INPUTS

wh=15, (ElL2pm)

4-bit Adder Energy Consumption per addition (Joules x 107")
Fully static | Domino CPL DPL

M CMOS M M M
Ripple carry 0.343 1 1.24 | 0.890 |0.85 |0.514 |0.91 |0.686 | 0.73
Carry skip 0.383 | 1.21 1 0943 |0.84 |0.626 | 0.96 | 0.855 | 0.80
Carry select 0853 11.39 12115 1088 |1.173 [0.98 |1.673 {10.79
Conditional select | 0.955 | 1.04 | 1.255 | 0.88 | 0.878 | 1.09 | 1.224 | 0.88
Carry look-ahead | 0.459 | 1.22 | 0.978 |[0.85 | 0.696 | 0.89 | 1.024 | 0.82

TABLE T58: AVERAGE ENERGY CONSUMPTION PER ADDITION OF DIFFERENT 4-BIT
ADDERS WITH RANDOMLY APPLIED TEN SETS OF INPUTS

wd=3 , (=1.2pm)

4-bit Adder Energy Consumption per addition (Joulesx 107
Fully static | Domino CPL DPL

M | CMOS M M M
Ripple carry 0.549 | 1.35 | 1.342 [0.84 [ 0.794 | 0.96 | 1.060 | 1.12
Carry skip 0.587 | 1.30 | 1.518 {0.85 |0.902 | 1.00 |1.272 | 1.19
Carry 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
Carry look-ahead | 0.734 | 1.21 | 1.566 | 0.86 | 1.041 | 0.88 | 1.534 | 1.24
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TABLE T59: AVERAGE ENERGY CONSUMPTION PER ADDITION OF DIFFERENT 4-BIT
ADDERS WITH RANDOMLY APPLIED TEN SETS OF INPUTS

owh=5 , (E1.2pm)

4-bit Adder Energy Consumption per addition (Joulesx 10™")
Fully static | Domino CMOS CPL DPL

M M M M
Ripple carry 0.819 1 1.38 | 2.095 |0.87 |1.192 1096 |1.544 | 1.13
Carry skip 0.907 | 1.34 | 2.237 (0.87 [1.400 | 1.01 {1900 | 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
Carry look-ahead | 1.076 | 1.24 | 2.335 }10.90 | 1.536 | 0.90 }{2.225 | 1.25

Energy-Delay Product for full custom adder designs

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
FULLY STATIC CMOS LOGIC (F1.2pm)
w/l) Performance metrics 64-bit Adder EDP (J-Secx10")
RCA CLA RCA CLA
Worst-case propagation delay 714 9.70
1.5 | (Secondsx10”) 397.768 | 86.968
Energy consumption per additon 5.57 8.97
(Joules x107?
Worst-case propagation delay 49.74 | 7.55
3 | (Secondsx10®) 394.494 | 86.558
Energy consumption per additon 793 |11.46
(Joules x107?
Worst-case propagation delay 4126 |6.22
S | in (Secondsx10%) 569.299 | 94.919
Energy consumption per additon 13.80 | 15.26
(Joules x1071?

229









LIST OF PUBLICATION

1) Gupta, A, and Shekhra, C., “Optimal Adder Architectures for Fully Static and
Complementary Pass Logic Designs,” Proc. National Seminar on VLSI: Systems,

Designs and Technology, pp. 140-145, IIT, Bombay, Dec. 2000.

232



