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ABSTRACT

This thesis work focuses on the reduction of the power dissipation, which is
showing an ever-increasing growth with the scaling down of the technologies.
Various techniques at the different levels of the design process have been
implemented to reduce the power dissipation at the circuit, architectural and
system level.

Furthermore, the number of gates per chip area is constantly increasing,
while the gate switching energy does not decrease at the same rate, so the power
dissipation rises and heat removal becomes more difficult and expensive. Then,
to limit the power dissipation, alternative solutions at each level of abstraction are
proposed.

The dynamic power requirement of CMOS circuitsis rapidly becoming a
major concern in the design of personal information systems and large compuiters.
In this thesis work different non-clocked logic styles have been compared on the
basis of power. The advartage of non-clocked logic styles is that there is less
switching power in these styles because there no clock is used Among DCVS,
DSL and CNTL logic styles, CNTL consumes less power because there is less
dynamic power dissipation in CNTL.

Multiplier is the most commonly used circuit in the digital devices.
Multiplication is one of the basic functions used in digital signal processing. Most
high performance DSP systems rely on hardware multiplication to achieve high
data throughput. There are various types of multipliers available depending upon
the application in which they are used. Full Adder is the main block of power
dissipation in multiplier. So reducing the power dissipation of full adder
ultimately reduces the power dissipation of multiplier. 8bit CNTL multiplier
consumes least power among the three non-clocked logic styles which has been
discussed in the thesis.
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CHAPTER

1

INTRODUCTION

1.1 Motivation

With much of the research efforts directed towards increasing the speed of digital systems,
present day technologies possess computing capabilities that make possible powerful
personal workstations, sophisticated computer graphics, and multimedia capabilities such as
real-time speech recognition and real-time video. High-speed computation has thus become
the expected norm for the average user, instead of being the province of the few with access
to a powerful mainframe. Likewise, another significant change in the attitude of users is the
desire to have access to this computation at any location, without the need to be physically
tethered to awired network. The requirement of portability thus places asevere restriction on
size, weight and power. Power is particularly important since conventional nickel-cadmium
battery technology only provides small amount of energy for each pound of weight.
I mprovements in battery technology are being made, but it is unlikely that a dramatic solution

to the power dissipation is forth coming.

Although the traditional mainstay of portable digital applications has been in low power, low
throughput uses such as wristwatches and pocket calculators, there are an ever increasng
number of portable applications requiring low power and high throughput. For example,
notebook and laptop computers, representing the fastest growing segment of the computer
industry, are demanding the same computations capabilities as found in desktop machines.
Equally demanding are developments in personal communications services (PCS), such as
the current generation of digital cellular telephony networks which employ complex speech
compression algorithms and sophisticated radio modems in a pocket sized device. Even more
dramatic are the proposed future PCS applications, with universal portable multimedia access

1



Chapter1: Introduction

supporting full motion digital video and control via speech recognition. In these applications,
not only will voice be transmitted via wireless links, but data as well. This will facilitate new
services such as multimedia access supporting database access and supercomputing for
simulation and design, through an intelligent network which allows communication with
these services or other people at any other place and time. Power for video compression and
decompression and speech recognition must be added to the portable unit to support these
services. Indeed, it is apparent that portability can no longer be associated with low
throughput; instead, vastly increasing capabilities, accuracy in excess of that demanded of
fixed workstations, must be placed in low power environment.

Even when low power is available in non portable applications, the issue of low power design
is becoming critical. Until now, this power consumption has not been of great concern, since
large packages, cooling fins, and fans have been capable of dissipating the generated hest.
However, as the density and size of the chips and systems continue to increase, the difficulty
in providing adequate cooling might either add significant cost to the system or provide a

[imit on the amount of functionality that can be provided.

Thus, it is evident that methodologies for the design of high throughput, low-power digital
systems are needed. Fortunately, there are clear technological trends that give us a new
degree of freedom, so that it may be possible to satisfy these seemingly contradictory
requirements. Scaling of device feature sizes, along with the development high density, low-
parasitic packaging, such as multichip modules, will alleviate the overriding concern with
number of transistors being used. The important consideration, particularly in portable
applications, is that many computations tasks are likely to be real-time; the radio modem,
speech and video compression, and speech recognition require computation that is always at
near-peak rates. Conventional schemes for conserving power in laptops, which are generally
based on power-down schemes, are not appropriate for these continually active computations.

1.2 Organization of ThesisWork

Thisthesis is organized as follows:
CHAPTER 1: INTRODUCTION. This chapter gives an idea of need for less power in digital

circuits.
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CHAPTER 2: LITERATURE SURVEY. The topic covers the comparative study of the three

non-clocked logic stylesi.e. DCVS, DSL and CNTL. It has been analyzed in this chapter that
CNTL consumes less dynamic power

CHAPTER 3: MULTIPLICATION BASICS. This chapter explains what multiplication

iIs? How multiplication is performed in digital domain? It also talks about various
multiplier architecturesin detail.

CHAPTER 4: DESIGN OF MULTIPLIER. This chapter focuses on the design of

multiplier. It explains the each step involved in designing a multiplier from a
designers point of view and also shows the simulated waveforms and there validation
by comparing with truth tables.

CHAPTER 5: PHSICAL LAYOUT DESIGN. This chapter discusses the designs of

layouts for the various blocks such as AND gates, OR gates, Adders and CNTL
multiplier, which are designed in Cadence Virtuoso UMC 0.18 micron Technology
and the Layout vs. Schematic (LVS) program was executed to perform a comparison
of the schematic to the physical layout.

CHAPTER 6: SSIMULATIONS AND RESULTS. This chapter discusses the schematic based

and post layout results of the full adders and multipliers.

CHAPTER 7: CONCLUSION AND FUTURE SCOPE. This chapter compares multiplier

design of three logic styles and future scope.



Chapter2: Literature Survey

CHAPTER

2 LITERATURE SURVEY

2.1 Sour ces of Power Dissipation

There are three major sources of power dissipation in digital CMOS circuits, which are

summarized in following equation:
— 2
I:{otal =a 'Cl '\/dd 'fclk +1 sc'\/dd + Ileakage'\/dd

The first term represents the switching component of power, where ¢ is the switching factor,
Ci is the loading capacitance, fqk is the clock frequency. In most cases, the voltage swing is
the same as the supply voltage Vyq ; however in some logic circuits, such as in single-gate
pass transistor implementations, the voltage swing on some internal nodes may be slightly
less. The second term is due to direct-path short circuit current |, which arises when both
NMOS and PMOS transistors are simultaneously active, conducting current directly from
supply to ground. Finally, leakage current | eaxage, Which can arise from substrate injection and
sub-threshold effects, is primarily determined by fabrication technology considerations. The
dominant term in a “well-designed” circuit is the switching component, and low power
design thus becomes the task of minimizing C;, V44, and fak, while retaining the required
functionality [1].

The power-delay product can be interpreted as the amount of energy expended in each
switching event (or transition) and is thus particularly useful in comparing the power

dissipation of various circuit styles.
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If it is assumed that only the switching component of the power dissipation is important, then
it isgiven by:

Energy per transition= P, / fy =CV,,

where C; isthe load capacitance being switched to perform the computation.

Therefore for low power what we have to look out for is the switching power dissipation and
techniques to reduce switching power dissipation. Some general logic style requirements for

low-power circuit implementation are as follows:

1) Switched capacitance reduction:

Capacitive load, originating from transistor capacitances (gate and
diffusion) and interconnect wiring, is to be minimized. This is achieved by having as few
transistors and circuit nodes as possible, and by reducing transistor sizes to a minimum. In
particular, the number of (high capacitive) inter-cell connections and their length (influenced
by the circuit size) should be kept minimal. Transistor downsizing is an effective way to
reduce switched capacitance of logic gates on noncritical signal paths. For that purpose, a
logic style should be robust against transistor downsizing, i.e., correct functioning of logic

gates with minimal or near-minimal transistor sizes must be guaranteed [1].

2) Supply voltage reduction:

The supply voltage and the choice of logic style are indirectly
related through delay-driven voltage scaling. That is, a logic style providing fast logic gates
to speed up critical signal paths allows a reduction of the supply voltage in order to achieve a
given throughput. For that purpose, a logic style must be robust against supply voltage
reduction, i.e., performance and correct functioning of gates must be guaranteed a low
voltages as well. This becomes a severe problem at very low voltages of around 1 V and
lower, where noise margins become critical [1].

3) Switching activity reduction:

Switching activity of a circuit is predominantly controlled at the
architectural and registers transfer level (RTL). At the circuit level, large differences are
primarily observed between static and dynamic logic styles. On the other hand, only minor
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transition activity variations are observed among different static logic styles and among logic
gates of different complexity, also if glitching is concerned [1].

4) Short-circuit current reduction:

Short-circuit currents (also called dynamic leakage currents or
overlap currents) may vary by a considerable amount between different logic styles. They
also strongly depend on input signal slopes (i.e., steep and balanced signal slopes are better)
and thus on transistor sizing. Their contribution to the overall power consumption is rather
limited but ill not negligible (10-30%), except for very low voltages Vag <=Vin + Vi),
where the short-circuit currents disappear. A low-power logic style should have minimal
short-circuit currents and, of course, no satic currents besides the inherent CMOS leakage
currents [1].

So if we are looking out for low power design, it is preferable to use Non-Clocked logic

styles because they have less switching power dissipation. Now we will discuss about various
Non-Clocked logic styles and there advantages and disadvantages over one another.

2.2 Non-Clocked Logic Stylesfor L ow Power Design

Non-clocked logic is ubiquitous in electronic design, due to a number of considerations
including:

Low power consumption

Straightforward delay rule timing

Inherent reliability and noise immunity

Process variation and defect tolerance

Deterministic diagnostic capability

Migration into successive technology generations [2].

Some of the non-clocked logic styles are discussed ahead:
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2.2.1 Differential Cascode Voltage Switch Logic (DCVYS):

Logic design is achieved in DCVS by cascoding differential pairs of MOS devices into
powerful combinational logic tree networks capable of processing complex Boolean logic
functions within a single circuit delay. Logic trees of N-high cascoding of differential pairs of
NMOS devices are capable of processing Boolean functions with up to (2¥-1) input variables.
DCVS has been found to offer a performance advantage of up to 4X compared to the
CMOS/NMOS primitive NAND/NOR logic families, while maintaining the expected low
power characteristics of CMOS circuitry. Potentially DCVS is twice as dense as primitive
NAND/NOR logic, and is compatible with the existing design automation tools.
Combinational logic trees can be designed in cascoded high-performance NMOS devices
with unstacked PMOS devices used sparingly as pull-up devices in load and buffer circuitry.
Optimization of the PMOS devices and the criticality of PMOS to NMOS spacing can
therefore be relaxed, relieving the device/process complexity burden for DCV S designs [3].

The DCV S circuit family shares the sensitivity of static circuitry to device transconductance.
Specifically, since the evaluate path commonly comprises NMOS devices, changes in NMOS
device channel length, threshold or gate oxide will be immediately reflected in circuit

performance.

The performance of the stacked devices found in the static DCV'S evaluate trees suffer from
body effect. The logic evaluation trees must provide low resistance paths to ground in order
to switch the load circuit; positive NMOS source-substrate bias voltage increases threshold
voltage and introduces additional delay.

The DCV S circuit concept, in itsin differential formisillustrated in figure 2.1. Depending on
the differential inputs, either node N1 or node N2 is pulled down by the NMOS
combinational logic tree network. Regenerative action sets the PMOS latch to static outputs
Q, QBAR of full differential Vi and ground logic levels. The logic trees are free of direct
current after the latch sets. Since the inputs drive only the NMOS tree devices, input gate
capacitance loading is typically a factor of 3X smaller than CMOS circuits that require the



Chapter2: Literature Survey

complementary n-channel and p-channel devices to be driven. Performance of the circuit in
figure 2.1 is limited by the set time of PMOS latches [3].

1

N2

N1 ¢—o (OBAR
0 c—e——

@)

Inputs NMOS
o—
evaluate tree

' GND
Figure 2.1: Basic Circuit of DCVS|3]

2.2.1.1 Function:

True and complement versions of logical inputs A and B are supplied to the DCVS circuit in
figure 2.2. If A and B both transition high, then NMOS devices 3 and 4 are turned on, and
NMOS devices 5 and 6 are in their off state. Now the output Q goes low as it gets path to
ground via NMOS 3 and 4 but QBAR remains high as the NMOS 5 and 6 are off and it does
not get path to ground. As the two pull-down networks implement complementary functions
(Q and QBAR), and hence, the logic style has larger area or switched capacitance. However,
it should be noted that it is sometimes possible to share some logic in the two pull-down
networks to reduce the area. The complementary outputs can also help eliminate inverters,
which might otherwise be required [2].
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)
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B@—‘ﬁ .

Figure2.2: AND Logic Using DCVS|[2]

2.2.1.2 Characteristics:
The strengths of DCVS are:
Superior logic density
Implicit invert available

High reliability and noise immunity

The limitations of DCVS are:
Dual rail wiring
Struggle between PMOS output strength and latch hysteresis

Higher device count in some applications

The advantage of Differential Cascode Voltage Switching is realized in the logic density
achieved by evaluating complex trees of logic in one delay stage. Differential pair logic trees
may easily be 4 device tall and process (2*-1) inputs. Further efficiency is achieved in the
elimination of large PMOS from each logic function executed in the tree. Boolean functions
are implemented in NMOS only. The PMOS serve solely as pull up devices. Differential
Cascode Voltage Switch logic offers implicit noise immunity at each stage, due to its cross
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coupled nature. Performance is somewhat compromised by the hysteresis associated with
toggling the load devices. The PMOS load devices must be small enough that its on-current is
easily overcome by the switching logical pull-downs, but large enough to drive high outputs
with acceptable delays. Normal process tolerance can make it hard to remain within a
window of acceptable device strengths. Until the output node flips, the evaluate tree sinks
load current, highlighting the power trade-off that cross-coupled load devices require [2].

2.2.2 Differential Split-Level Logic (DSL):

The DSL principle is shown in figure 2.3. Two extra NMOS transistors N10 and N20 are
placed between the PMOS part and the logic NMOS part. Their gates are controlled by the
reference voltage, which must be equal to half Vpp plus the threshold voltage of the NMOS
transistors to guarantee optimum circuit operation. The gates the PMOS transistors P1 and P2
are now connected to F and FN instead of outputs S and SN. Now we again switch input D
low and DN high. Then node SN has a high level of Vpp and node S a low level. The
reference voltage determines the high-level a node FN to be half Vpp. Node F has a low
level of about 100mV, because PMOS P2 is weakly on. This causes static power dissipation.
The NMOS transistor N1 is cut-off, which causes high impedance to Vpp for node FN while
there is low impedance to Vpp for node SN. If we now switch the inputs D and DN then
NMOS N1 turns on and N2 turns off [4].

10
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{ VDD

= ]

SNe——e e o §
N@l% Vrg%
Vref N20
N
FN ? !
D H N1 N2 P@ DN
A

Figure 2.3: Basic Circuit of DSL [4]

The half Vpp level a node FN will immediately be discharged and PMOS P2 turns more on
to its high drive state. At the same time node S and F start rising because PMOS P2 was
already partly on, causing PMOSPL to switch faster to its low drive state.

Differential split-level CMOS logic is a circuit technique which allows, in any given
technology, shorter channel length owing to areduced drain-source voltage.

2.2.2.1 Function:

With input B high and BBAR low, assume input A transitions from a low to a high (at
voltage Vpp), and input ABAR transitions from high value to low value, as shown in figure
2.4. With bias V¢ set at (Vppo/2+ V1n), PMOS load device 1, connected via node N2 as
shown, receives a bias of Vpp/2; PMOS load device has its gate grounded through devices 5
and 6. Signal QBAR develops a low output (ground) through devices 3 and 6, and signal Q is
developed as a high output (Vpp), as devices 7 and 8 are off [2].

11
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2
OBAR }—@ 0
@# O—

Vref 3 Vref 4

N2
L o

2 T

A o———e 8
AB%E{ BBAR

ot <~

L e

Figure2.4: AND Logic Using DSL [2]

2.2.2.2 Characteristics:
The strengths of DSL are:
Lower power
Superior gatic performance
High reliability

The limitations of DSL are:
Reference voltage generation required

High device count
DSL leverages the presence of a precision bias. Sampling output off immediately below the

load PMOS device provides a strong high output at full Vpp; a low output, however, is held
at ground through the resistance of the logic tree. The original literature recommends taking

12
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output from these uppermost nodes. Transitions are hastened because the node N1 needs only
to be discharged from Vpp/2 rather than Vpp.

The tree device gated by Vrer makes DSL substantially different from DCVS origin. Since
the NMOS pull down device never sees drain voltage higher than Vpp/2, the channel hot
electron-based performance degradation is minimized. It can argue that this enables usage of
technology with channels shorter than what would be expected for the given Vpp, realizing
higher performance. The added resistance of the added reference device necessarily reduces

the total possible tree height.

The presence of that device may also never allows the PMOS load device on the “0” side of
the output to be completely turned off, as its gate rise to (Vpp — V7). The presence of the
resulting current causes the “low” output to hover 100-200 mV above ground, causing DC
power consumption. This increase and the higher device count caused by the reduced logic
content must be weighed against the AC power savings realized by the limited swing [2].

2.2.3 Cascode Non-Threshold Logic (CNTL):

CMOS circuits have played a dominant role in digital VLSI circuits, mainly due to low dc
power consumption. However conventional static CMOS circuits suffer from speed and low
packaging density. Several new static and dynamic CMOS circuits have been proposed to
deal with these problems. Cascoding the differential NMOS logic trees while using only two
cross-coupled PMOS devices as loads is the main approach to save chip area in those new
static circuits. Of the various new static logic circuits, the differential split-level logic, DSL
derived from cascoded logic, has been used in low power and high speed CMOS complex-
gate applications. Two new CMOS logic circuits, one called the CMOS non-threshold logic
(CMOS NTL) and the other the CMOS cascode non-threshold logic (CMOS CNTL), are
there which have high speed and low power consumption than DSL. They are compatible in
process with conventional CMOS circuits, and are expected to extend the application field of

CMOS circuits to higher speed and low power regimes.
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As in “Differential Cascode Voltage-Switched Logic” considerable power is consumed in
cross-over current while switching the contents of the circuit. Additional power is consumed
in achieving the full swing of the internal node. DSL reduced active power consumption by
reducing voltage swing. Cascode Non-Threshold Logic (CNTL) further improves the

concept.

Cascode Non-threshold Logic makes use of a concept first implemented in bipolar transistors;
by resistively dividing the power supply voltage, the required output voltage swing can be
reduced, improving performance. CNTL is developed from CMOS Non-threshold Logic
(NTL), asingle ended CV S structure not present due to its excessive DC power consumption.
CNTL improves upon DSL by not requiring a precision voltage reference. The devices which
add additional voltage drop have their gates tied to Vpp or to a feedback node, instead of a
reference. The negative feedback substantially reduces the power consumption of the NTL
origin, but a the expense of some performance. The performance penalty is addressed with
the shunt capacitor. Like other CV'S design styles, the circuit comprises a differential logic
tree of NMOS, and a PMOS load circuit [5].

The CNTL principle is shown in figure 2.5. The circuit structure is similar to the differential-
split level (DSL), but the electrical behavior is essentially different. Like all cascode logic
circuits, the CNTL has a differential cascode voltage switch (DCVS) tree, constructed by
NMOS devices. Similar to the DSL circuit, two cross-coupled PMOS devices are used as
loads, and the two NMOS devices, Mn1 and Mg, are inserted between the PMOS loads and
the NMOS logic tree to split the supply voltage to reduce the output voltage swing. Q and
QBAR are the two true outputs nodes, and F and FBAR are two pseudo output nodes which
have similar voltage swings and be used for wire routing among different gates asin the DSL

circuits.
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Figure 2.5: Basic Circuit of CNTL [9]

The main difference between the CNTL and DSL circuit is that the two NMOS devices, Mns
and Mp4, and the two shunting capacitors, Cs; and Cs,, are added below the DCVS tree to
form non-threshold circuit. The shunting capacitors can be implemented using MOS
transistors asin the NTL case. The gate terminals of Mys and My are connected to the nodes
F and FBAR respectively, to make the layout more compact. It is found that this connection
does not affect the negative feedback effects of Mys and Mya. As expected, the NMOS My;
and My can further reduce the output voltage swing, and their negative feedback effects can

be reduced by Ca and Co.

However, the gates of the two NMOS devices My; and My, are connected together to Vpp,
not to reference voltage as in DSL circuits. So the voltage reference circuit and the routing

area needed for reference voltage is eliminated [5].
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Typical dc voltage characteristics of CMOS CNTL inverters are shown in figure 2.6(a) and
(b) for two different dimension designs are taken reference [5]. For the solid lines in these
figures, the abscissa stands for the input voltage, and the ordinate for the output voltage, and
vice versa for the dotted lines. As may be seen from these figures, the transfer curves are
quite smooth. Thisimplies no clear cut at logic threshold. However, the two cross point p and
g guarantee a correct logic operation. This is why the name non-threshold is adopted

2.2.3.1 Function:

True and complement logic inputs are provided to the DCV S tree of NMOS devices in figure
2.7. The load circuit comprised of devices 1, 2, 3 and 4 latches in the direction determined by
the logic tree. NMOS devices 2 and 4 limit the upper end of the logic voltage swing. NMOS
devices 9 and 10 generate negative feedback to their respective trees by increasing there on
resistance as the tree discharges, limiting the lower end of the logic voltage swing. Capacitors
C1 and C2 are present to shunt the effect of the devices 9 and 10 and moderate the negative
feedback. The transfer function associated with this style has no distinct “break” at a logic
threshold, but produces logically valid outputs levels[2].
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Figure2.7: AND Logic Using CNTL [2]

2.2.3.2 Characteristics:
The strengths of CNTL are:
Low power
Heavy load drive capability
Differential noise immunity
The limitations of CNTL are:
Separate rail-level interface required
Compromised performance

Substantial areaincrease[2].
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CHAPTER

Sl Muitiplication Basics

3.1 Introduction

Digital multipliers are major source of power dissipation in Digital Signal Processors. High
power dissipation in these structures is mainly due to the switching of alarge number of gates
during multiplication. In addition, much power is also dissipated due to a large number of
spurious transitions on internal nodes. Timing analyss of a full adder, which is a basic
building block in multipliers, has resulted in a different array connection pattern that reduces
power dissipation due to the spurious transition activity. Furthermore, this connection pattern

also improves the multiplier throughput.

A variety of measures can be used to evaluate the efficiency of the processors. So both the
area occupied by the circuit and the time required for the performance of computation must
be taken into consideration. The speed of the multiplier is determined by both architecture
and circuit. The speed can be expressed by the number of the cell delays along the critical
path on the architecture level of the multiplier. The cell delay, which is normally the delay of
the adder, is determined by the design of the circuit of the cell. Therefore depending on the
speed and area requirements, the digital multipliers used can be either of bit-serial or a bit-
parallel based architecture. The bit-serial approach processes the data serially where at every
clock cycle a single data bit is fed to the processor to be processed. In contrast, the parallel
approach processes the data bits in a parallel fashion in just one clock cycle.

Digital multiplication is a series of bit shifts and bit additions, where two numbers, the
multiplicand and the multiplier are combined into the result. Considering the bit

representations of the multiplicand XoXi1 Xz.... X n.1 and the multiplier YoY1Ya.... Y ., in order
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to form the product, up to n shifted copies of the multiplicand is to be added for unsigned
multiplication. The entire process consists of three steps, partial product generation, partial
product reduction and final addition [6].

Digital multiplication consists of three basic steps, these are:-
1. Generation of Partial Product Array
2. Reduction of Partial Product Array
3. Final Addition

Figure 3.1 below represents the multiplication flow in detail.

Moo o) n-bit inputs operands (n = 4)

Partial Product Array Generation
= n shifted binary numbers

E Partial Product Array Reduction
= reduction to 2 binary numbers
R = e
= In-bit final product

—

Figure 3.1: Multiplication Flow [6]

3.2 Partial Product Generation

In digital multiplication, as an initial step, one needs to generate n shifted copies of the
multiplicand, which may be added in the coming stage. The value of the multiplier bit
determines whether the shifted copy is to be added or not: if the i bit (0« i+ n«1) of the
multiplier is ‘1, then the shifted copy of the multiplicand is added. If the bit is ‘0", it's not
added. A logical AND gate can implement this operation, by performing the function AND
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(xy;)) Qe i*nel& 0+ ye ne1). Theresulting values are called partial products. Fig.3.2
shows a trapezoidal structure, called partial product array (PPA), where the partial product
bits are arranged in columns to be added in order to form the product. This process is called

product array generation [6].

multiplicand multiplier

cs —Co Ps—— Po > = —
|

\— columns to be added
Figure 3.2: Partial Product Generation [6]

3.3 Partial Product Reduction

Efficient implementation of a digital multiplier depends on the method of the addition of
partial product array bits. Since each shifted version of the multiplicand will give a delay
proportional to the width of the multiplicand, the multiplier block will require a large amount
of time to perform the operation if conventional adders were used to implement this addition.
Hence, the partial products are reduced using a technique, called carry-save addition, which

allows successive additions in one global step.

Considering the addition of two bits from two vectors, X and Y, where numerical bit vector
representations are of the form X= xp.1Xn-2...... X1 Xo and Y= Yn.1Yn-2... Y1 Yo, conventional full-
adder can be used, which takes in three bits and outputs a sum and a carry bit, so the block
adds two bits at a given position with the carry in from the previous bit position. Considering
the case of adding two bit vectors, two bits are added at the lowest bit position and the carry
IS propagated to the next bit position. At the higher positions, two inputs and the carry bit are
to be combined and a carry out is generated. This rippling technique of adding two n-bit
numbers requires O (n) sequential bit additions, hence a delay of O (n). For the addition of
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three n-bit vectors X, Y and Z, this method can be used to add X and Y, then to add Z to the
sum of X +Y; so the total number of bit additions of n shifted copies of an n-bit multiplicand
is O (n) where the total delay is O (n?), assuming that the add operations are dependent on the

previous ones since the output of earlier operations areinputs to later operations.

Even though the result comes from the combination of all operations, a certain amount of
independence exists between each operation, considering the addition on a particular column.
All the bits in a column must be added together along with the carry in bits coming from the
previous column. Carry save addition influences that addition in separate columns can be
performed independently. For example, in order to add three vectors of bits, full-adders can
be used to perform the addition of three bits in each column. Except the lowest and the
highest bit positions, the result is a carry and a sum bit in each bit position. So, the three bit
vectors have been reduced to two bit vectors. Using carry save addition technique, a set of
vectors, which are to be added together, can be reduced to two bit vectors. Carry save
addition is one of the ways to make a multiplication faster than the conventional methods,

considering the number of necessary additions[6].

There are several ways to implement addition of partial products in the trapezoidal array.
This also forms the basis of classification among parallel multipliers. In the following section
we would discuss the two most commonly used methods.

1. Array Multiplier

2. Tree Multiplier

3.3.1 Array Multiplier

Array multiplier is well known due to its regular structure. In array multiplier, the counters
and compressors are connected in a serial fashion for all bit slices of the Partial Product
parallelogram.

There are several possible array topologies including simple, double and higher order arrays.
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‘ Ripple Carry Adder‘

Figure 3.3: Array Multiplier Mechanism [7]

3.3.1.1 Smple Array Multiplier

The array multiplier originates from the multiplication parallelogram. As shown in Figure
3.4, each stage of the parallel adders should receive some partial product inputs. The carry-
out is propagated into the next row. The bold line is the critical path of the multiplier. In array
multiplier, all of the partial products are generated at the same time. It is observed that the
critical path consists of two parts: vertical and horizontal. Both have the same delay in terms of
full adder delays and gate delays. For an n-bit by n-bit array multiplier, the vertical and the
horizontal delays are both the same as the delay of an n-bit full adder.

In the simple array, each row of [3:2] compressors adds a partial product to the partial sum,
generating a new partial sum and a sequence of carries. The delay of the array depends on the
depth of the array. Therefore, the summing time for the simple array is (N-2) [3:2]
compressor delays, where N is the number of partial products. The drawback of this type of
array is the hardware is underutilized. The counters are used only once in the calculation of
the result, for the remaining time, they are idle. This drawback can be diminished by
pipelining the array so that several multiplications can occur simultaneously. Pipelining
would increase the throughput of the multiplier, but would also increase the latency and area
of the multiplier. A fully pipelined array is normally avoided, since the array would be faster
than the clock of processor. Since the intermediate partial sum is kept in a redundant, carry-
save form there is no carry propagation. This means that the delay of an array multiplier is
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only dependent upon the depth of the array, and is independent of the partial-product width
[7].

Partial Product

SR oo B

Figure3.4: 4x4 Array Multiplier [7]

3.3.1.2 Advantages of Array Multiplier

One advantage of the array multiplier comes from itsregular structure. Since it isregular, it is
easy to layout and has a small size. The design time of an array multiplier is much less than
that of atree multiplier.

A second advantage of the array multiplier is its ease of design for a pipelined architecture. A
fully pipelined array of the multiplier with a stage delay equal to the delay of a 1-bit full
adder plus a register has been successfully designed for high-speed DSP applications. Also it
can be easily pipelined by inserting latches after CSA (carry save adders) or after every few
rows|[7].
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3.3.1.3 Limitations of Array Multiplier

The biggest problem with full linear array multipliers is that they are very large. As operand
sizes increase, linear arrays grow in size at arate equal to the square of the operand size. This
is because the number of rows in the array is equal to the length of the multiplier, with the
width of each row equal to the width of multiplicand. The large size of full arrays typically
prohibits their use, except for small operand sizes, or on special purpose math chips where a
major portion of the silicon area can be assigned to the multiplier array.

Another problem with array multipliers is that the hardware is underutilized. As the sum is
propagated down through the array, each row of CSA’s computes a result only once, when
the active computation front passes that row. Thus, the hardware is doing useful work only a
very small percentage of the time. This low hardware utilization in conventional linear array
multipliers makes performance gains possible through increased efficiency [7].

3.3.2 TreeMultiplier

Trees are an extremely fast structure for summing partial-products. In alinear array, each row
sums one additional partial product. As such, linear arrays require order N stages to reduce N
partial products. In contrast, by doing the additions in parallel, tree structures require only
order log N stages to reduce N partial products.

The result of the multiplication is obtained by first generating partial products and then
adding the partial products. The critical path of a multiplier depends on the delay of the carry
chain through all of the adders. Table 3.1 shows the truth table of a full adder, which is the
basic addition process usually employed in a computer to add two numbers together. A and B
are the adder inputs, and C is the carry input. The full adder produces a bit of summand and a
bit of carry out. It can be observed that a full adder is actually a “one's counter”. A, B and C
can all be seen as the inputs of [3:2] compressor. The outputs, Carry and Sum, are the
encoded output of the three inputs in binary notation. The tree multiplier is based on this
property of the full adder. The addition of summands can be accelerated by adopting a [3:2]

compressor [8].

A [3:2] compressor adds three bits and produces a two-bit binary number whose value is
equal to that of the original three. The advantage of the [3:2] compressor is that it can operate
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without carry propagation along its digital stages and hence is much faster than the
conventional adder. In any scheme employing [3:2] compressors, the number of adder passes
occurring in a multiplication before the product is reduced to the sum of two numbers, will be
two less than the number of summands, since each pass through an adder converts three
numbers to two, reducing the count of numbers by one. To improve the speed of the
multiplication, one must arrange many of these passes to occur smultaneously by providing
several [3:2] compressors

Table 3.1: Truth Table of Full Adder

No. of Zeros | Carry Sum

WININFRIN|IFR|IR|IO
RO OO0
R OO ORIk IO
RO I0I0 >
RIRIOO|FRIFIOIO w
R OIRIO|IRIO|IRIO @)

Thus, the best first step for a tree multiplier is to group the summands into threes, and
introduce each group into its own [3:2] compressor, thus reducing the count of numbers by a
factor of 1.5. The second step is to group the numbers resulting from the first step into threes
and again add each group in its own [3:2] compressors. By continuing such steps until only
two numbers remain, the addition is completed in a time proportional to the logarithm of the
number of summands Figure 3.5 shows a 4-bit by 4-bit tree multiplier. It should be noted that
[4:2] compression can also be used besides the [3:2] compression. A [4:2] compression can
be achieved by combining two full adders.

To improve the speed of the multiplication, one must arrange many of these passes to occur
simultaneously by providing several [3:2] compressors. Thus, the best first step for a tree
multiplier is to group the summands into threes, and introduce each group into its own[3:2]
compressors, thus reducing the count of numbers by a factor of 1.5. The second step is to
group the numbers resulting from the first step into threes and again add each group in its
own [3:2] compressors. By continuing such steps until only two numbers remain, the addition
is completed in atime proportional to the logarithm of the number of summands [8].
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Figure 3.5: 4x4 Tree M ultiplier [8]

The first tree structure was introduced by Wallace. Wallace showed that PPs can be reduced
by connecting [3:2] compressors in parallel in atree topology. The regular trees include [3:2]

aswell as[4:2] compressors.

3.3.2.1 Wallace Tree M ultiplier

Several popular and well-known schemes, with the objective of improving the speed of the
parallel multiplier, have been developed in past. In 1964, C.S. Wallace observed that it is
possible to find a structure, which performs the addition operations in parallel; thus resulting
in less delay. A Wallace tree is an implementation of an adder tree designed for minimum
propagation delay. Rather than completely adding the partial products in pairs like the ripple

adder tree does, the Wallace tree sums up al the bits of the same weights in a merged tree

[8].

A Wallace tree is an efficient hardware implementation of a digital circuit that multiplies two
integers. The Wallace tree has three steps:
Multiply (that is - AND) each bit of one of the arguments, by each bit of the other,
yielding n? results. Depending on position of the multiplied bits, the wires carry
different weights.
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Reduce the number of partial productsto two by layers of full and half adders.
Group the wires in two numbers, and add them with a conventional adder.
The second phase works as follows:
Aslong as there are three or more wires with the same weight add a following layer:
Take any three wires with the same weights and input them into a full adder. The
result will be an output wire of the same weight and an output wire with a higher
weight for each three input wires.
If there are two wires of the same weight left, input them into ahalf adder
If there is just one wire left, connect it to the next layer.
Wallace introduced a different way of parallel addition of the partial product bits

using atree of carry save adders, which is known as “Wallace Tree".

In order to perform the multiplication of two numbers with the Wallace method, partial
product matrix is reduced to atwo row matrix by using a carry save adder and the remaining
two rows are summed using a fast carry-propagate adder to form the product. Wallace tree

flow can be seen in Figure 3.6.

In WT architecture, al the bits of all of the partial products in each column are added
together by a set of counters in parallel without propagating any carries. Another set of
counters then reduces this new matrix and so on, until a two-row matrix is generated. Here a
[3:2] counter is used. Then, a fast adder is used at the end to produce the final result. The
advantage of Wallace tree is speed because the addition of partial products is now a function
of (log N) [8].

Wallace method uses three-steps to process the multiplication operation:

Formation of bit products

The bit product matrix is reduced to a 2-row matrix by using a carry-save adder

The remaining two rows are summed using a fast carry-propagate adder to produce
the product.
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2n bit| Operands

Carry Propagate Adder

Figure 3.6: Flow of Wallace Tree Multiplier [8]

In general, its multiplication process can be summarized as follows:

1. After generating the partial products, a set of counters reduces the partial product
matrix but it does not propagate the carries.

2. Theresulting matrix is composed of the sums and carries of the courters.

3. Another set of counters then reduces this matrix and the whole process continues until
atwo row matrix is generated.

4. The two rows get summed up with a final adder, preferably by a carry propagate
adder. This method takes advantage of the carry save architecture in order to avoid the
carry propagation until the final adder. In this scheme, the number of levels is crucial
since they determine the speed of the multiplier.

The conventional Wallace tree agorithm reduces the propagation by incorporating [3:2]

compressors.

28



Chapter3: Multiplication Basics

The Figure 3.7 explains the various steps of Wallace tree multiplier. In stage 1 the partial
products are reduced using compressors. The partial terms marked as red are kept as such, the
one marked with dark green indicates that they are compressed with full adder, the one
marked with light yellow indicate 3:2 compressors and the one with white box indicates [4:2]
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Figure 3.7: Wallace Tree Example[§]

3.4 Compressors

Compressors are mostly used in multipliers to reduce the operands while adding terms of
partial products. A compressor Ci is a combinatorial device that compresses N input lines in
the position i to 2 output lines i.e. sum and carry. In addition, there areL inputs lines coming
to the compressor to different levels . Figure 3.8 shows a simple compressor.

TN

\ Generic N

L Compressor L
2

Figure 3.8: A Generic Compressor
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3.4.1[3:2] Compressor

A [3:2] compressor is basically a Full adder. It has 3 inputs A, B and C to be summed up and
provides 2 outputs (sum and carry). Gate level diagram of [3:2] compressor is shown in
Figure3.9 [9].

; : D—\ Sum

Cine ))

\4

[ C

ikl

Carry

Figure 3.9: Gate level design of [3:2] compressor

3.4.2 [4:2] Compressor

4 to 2 compressor is shown in figure below. It takes four inputs of equal weight and
produces two outputs. [4:2] compressors can be used in binary tree to produce a much
more regular layout. It can be constructed from two [3:2] compressors and OR Gate.
Hence we see that it aso plays an important role in optimizing the partial products.
Talking about design of this compressor it consist of two 1-bit full adders placed in series,
first full adder takes in the three inputs to be added and the next full adder takes in the
fourth bit to be added, sum of the first adder and third input is grounded. The carryout of
first adder and the second adder is given as input to OR Gate. Output of the OR Gate is
the carryout of the [4:2] compressor and the output of the second full adder is the sum of
the [4:2] compressor. Block diagram of [4:2] compressor is shown in figure 3.10 [9].
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Figure 3.10: [4:2] compressor using [3:2] compressor [9]

Table 3.2: Truth Table of [4:2] Compressor
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CHAPTER

A

Design of Multiplier

4.1 Introduction

Multiplier design can be divided into two blocks. These are

1. Partial Product Generation
2. Partial product Addition

This chapter discusses in detail the design steps; verify the truth tables with simulations

results.

4.2 Partial Product Generation

Partial product is basically an AND operation of the i bit of multiplier with k™ bit of

multiplicand. So we design an AND

gate using different non-clocked logic styles (DCV'S,

DSL, CNTL). For n-bit multiplication we require i* AND gates, hence for our design of 8-bit
multiplier we require 64 AND gates. The schematic of AND gate using DCVS, DSL, CNTL
is shown in figure 2.2, 2.4, 2.7 respectively. Truth table of AND gate is given in table 4.1 and

its logical output waveform is given in figure 4.1.

Table4.1: Truth Table of AND Gate
A B VOUT
0 0 0
0 1 0
1 0 0
1 1 1
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Figure4.1: Logical Output Waveform of AND Gate

4.3 Partial Product Addition

The second step in the design of multiplier isto add the partial products generated in previous
step. Various algorithms are present to add these partial terms, here we would use Wallace
tree algorithm. So addition of partial product terms in this algorithm can be divided into two

steps:-

1. Reduction of Partial Products

2. Final addition of Reduced Product

Reduction of partial products can be done with the use of compressors; [3:2] Compressor and

[4:2] Compressor.
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4.3.1[3:2] Compressor

[3:2] compressor is basically a 1-bit full adder. Before discussing full adder, we will first
discuss half adder using DCVS, DSL, CNTL respectively which can be used as a component
to make 1-bit full adder Considering that A and B are the input bits to be added, S is the sum
output and C isthe carry output, the truth table of the half adder cell is shown in Table 4.2.

Table4.2: Truth Table of Half Adder

| | O ol >
R o] r| O T
o| r| | o
R o] o o 0O

3 ¢ ra il
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Figure 4.2: Schematic of DCVS Half Adder
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Figure 4.3: Logical Output Waveform of DCVS Half Adder

Now we will discuss about the DSL Half Adder. The schematic for DSL half adder is given
in figure 4.4 below:

Figure 4.4: Schematic of DSL Half Adder
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Figure 4.5: Logical Output Waveform of DSL Half Adder

We can see from the simulation result that we are not getting the full swing in DSL Half
adder but the dynamic power consumed is less than the DCV S logic style.

Now the Half Adder in third logic stylei.e. CNTL isdiscussed in figure 4.6 below:

Figure 4.6: Schematic of CNTL Half Adder
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Figure4.7: Logical Output Waveform of CNTL Half Adder

The output swing in CNTL is aso less than the DCV S logic style but the dynamic power
consumed is less than the DCV S logic style.

For 1-bit full adder we also need OR gate which will generate the carry output of the full
adder. Truth table, schematic and simulation are given in table 4.3, figure 4.8 and figure 4.9

respectively for OR gate.

Table4.3: Truth Table of OR Gate

A B Vout
0 0 0
0 1 1
1 0 1
1 1 1
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Figure 4.8: Schematic of OR Gate

Transient Response
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Figure4.9: Logical Output Waveform of OR Gate
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Block diagram of full adder is given in figure 4.10 below:

vdd
-~

1

@ Half RAdder = | 1% or cate
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cine »-surm
7

Figure 4.10: Block Diagram of Full Adder

Truth Table of full adder is given in table 4.4 below:

Table4.4: Truth Table of Full Adder

) carry

a B cin Sum Carry
0 0 0 0 0
0 0 1 1 0
0 1 0 1 0
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 0 0 1
1 1 1 1 1
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Figure4.11: Logical Output Waveform of CNTL Full Adder

4.3.2 [4:2] Compressor

[4:2] compressor is shown in figure below. It takes four inputs of equal weight and produces
two outputs. [4:2] compressors can be used in binary tree to produce a much more regular
layout. It can be constructed from two [3:2] compressors and OR Gate. Hence we see that it
also plays an important role in optimizing the partial products. Talking about design of this
compressor it consist of two 1-bit full adders placed in series, first full adder takes in the three
inputs to be added and the next full adder takes in the fourth bit to be added, sum of the first
adder and third input is grounded. The carryout of first adder and the second adder is given as
input to OR Gate. Output of the OR Gate is the carryout of the [4:2] compressor and the
output of the second full adder is the sum of the [4:2] compressor. Block diagram of [4:2]
compressor is shown in figure 4.12.
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Figure 4.12: Block Diagram of [4:2] compressor

Figure 4.13 below shows the simulation results of [4:2] compressor.
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Figure 4.13: Logical Output Waveform of 4:2 compressors

After reduction of partial products as per Wallace Tree Multiplier algorithm, discussed in
chapter 3, we have reduced the partial productsto two bits in a column. Finally we would add
up these bits to get the final product. Now to add these bits we can use any of the following
adders of required width:-
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1. Ripple Carry Adder
2. Carry Propagate Adder
3. Carry Select Adder

Choice of adder differs from designer to designer depending upon his specifications. If a
designer is aiming at low complexity and minimum area he goes for ripple carry adder but it
lacks in performance in terms of speed. Similarly carry select adder is good a speed but
reguires large area and huge complexity in design. If we compensate on some aspects than we
find that carry propagate adder is a good choice with high speed and design complexity
moderately less than carry select adders. Following sections discusses the design of carry

propagate adder [9].

4.3.3 Carry Propagate Adder

The last stage of design consist of a carry propagate adder, it adds up al the two bits of
partial product to give usthe final product term. CPA consists of two following blocks:

1. Carry Propagate Block
2. Full Adder

4.3.3.1 Carry Propagate Block

Carry propagate block is the one that decides whether the carry has to propagate, generate or
killed. It takes in the two numbers to be added and carry in from any previous stage and
produces carry out signal as per the conditions. This block internally creates three signals
propagate, generate and kill.

Propagate (Pi) = Ai xor Bi
Generate (Gi) = Ai and Bi
Kill (Ki) = Ai nor Bi

Now depending on the condition of these three signals carry out is fed with proper value, i.e.
if propagate is high carry out is fed with carry in, if generate is high carry out is fed with high
signal and if kill is high carry out is made low. This can be modeled at transistor level as
shown in figure 4.14 [9].
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Figure 4.14: Schematic of carry propagate block [9]

So the design of 4-bit carry propagate adder is shown in figure 4.15. We can design any n-bit
CPA adder by moving on the same lines. In my design i have designed a 12-hit carry

propagate adder.
a3 b3 4 bl a1 Bl al oo
Carry cin Carry cin Carry cin Carry cin
—1 Propagate — —1 Propagate — Propagate [— — Propagate —
A A A
| Full | |, Ful L1 Full L 1 Full
Adder Adder Adder Adder
Cin Cin Cin Cin
¢ 33 2 82 €l sl o sl

Figure 4.15: Schematic of carry propagate adder
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Figure 4.16 shows the simulation waveforms for carry propagate adder.
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Figure 4.16: Logical Output Waveform of Carry Propagate Adder

So now after design each block we now can design a multiplier as per our requirement, we

discuss the design of 8-bit multiplier.

As per the first step we would generate partial products, so we would 64 AND gates and
place, as a part of second step we would place compressors and feed them with the required
partial product input, this reduction would be completed in two steps . Finally we would use
CPA to add the reduced partial products, we would require a 13-bit CPA in last stage. Figure
4.17 shows the block diagram of 8-bit multiplier.
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Figure 4.18 shows the simulated waveforms form 8-bit CNTL multiplier.
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Figure 4.18: Logical Output Waveform of 8-bit CNTL Multiplier
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CHAPTER

5 Physical Layout Design

5.1 What isLayout?

Integrated Circuit (1C) Layout or mask design is the representation of an integrated circuit in
terms of planar geometric shapes which correspond to the patterns of metal, oxide, or
semiconductor layers that make up the components of the integrated circuit. In other words,
Layout is the process by which a circuit specification is converted to a physical
implementation with enough information to deduce all the relevant physical parameters of the
circuit. A layout engineer’s job is to place and connect all the components that make up a
chip so that they meet all criteria. Typical goals are performance, size, and manufacturability

path on the architecture level of the multiplier [10].

5.2 The Role of Layout in the Design Process

From a computer scientist’s point of view, the layout process seems familiar enough. We are
given a piece of source code, this time usually in terms of a circuit diagram, and we want to
compile it to an object codei.e. the physical layout of the circuit.

The layout step is the last major step in the design process before testing and fabrication; it is
the step which reveals to the designer all the subtle electrical characteristics of the clean and
logical digital systems[10].
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5.3 Tolerances and Design Rules

The layout must pass a series of checks in a process known as Verification. The two most
common checks in the verification process are Design Rule Checking (DRC), and Layout
Versus Schematic (LVS). When all verification is complete, the data is translated into an
industry standard format, typically GDSII, and sent to a semiconductor foundry. The process
of sending this data to the foundry is called tape out, due to the fact the data used to be
shipped out on a magnetic tape. The foundry convertsthe datainto another format and uses it
to generate the photo masks used in a photolithographic process of semiconductor device
fabrication.

5.4 Design Rule Checking

Design Rule Checking of Check(s) (DRC) is the area of Electronic Design Automation that
determines whether a particular chip layout satisfies a series of recommended parameters
called Design Rules. Design Rule Checking is a major step during Physical Verification of
the design, which also involves LVS (Layout Versus Schematic) Check, XOR Checks.
Design rules are a set of parameters provided by the semiconductor manufacturer that enable
the designer to verify the correctness of the mask set. Design rules are specific to a particular
semiconductor manufacturing process. A design rule set specifies a minimum size or spacing
requirements between the layers of the same type or of different types. This provides a safety
margin for various process variations, to ensure that the design will still have reasonable
performance after the circuit is fabricated. There is a limit to how small features the
photolithographic process can generate. Generally, this feature size is the width of a single
minimum-width polysilicon wire used as a transistor gate (since this is the most important
physical circuit dimension in determining circuit speed) [10].

5.5 Design Rule Checking (DRC) Software

The main objective of design rule checking (DRC) is to achieve a high overall yield and
reliability for the design. If the design rules are violated the design may not be functional.
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While design rule checks do not validate that the design will operate correctly, they are
constructed to verify that the structure meets the process constraints for a given design type
and process technology.

DRC software usually takes as input a layout in the GDSII standard format and a list of rules
specific to the semiconductor process chosen for fabrication. From these it produces a report
of design rule violations that the designer may or may not choose to correct. DRC products
define rules in alanguage to describe the operations needed to e performed in DRC.

Some example of DRC’s in IC design includes:

Active to active spacing,

Well to well spacing,

Minimum channel length of the transistor,

Minimum metal width,

Metal to metal spacing,

ESD and I/O rules

5.6 Layout vs. Schematic (LVYS)

The Layout vs. Schematic (LVS) is the class of electronic design automation (EDA)
verification software that determines whether a particular integrated circuit layout

corresponds to the original schematic of circuit diagram of the design.

A successful Design rule check (DRC) ensures that the layout conforms to the rules designed
required for faultless fabrication. However, it does not guarantee if it really represents the
circuit you desire to fabricate. This is where an LV'S check is used. LVS checking software
recognizes the drawn shapes of the layout that represent the electrical components of the
circuit, as well as the connections between them. The software then compares them with the
schematic or circuit diagram. In most cases the layout will not pass LVS the first time
requiring the layout engineer to examine the LV'S software's reports and make changes to the
layout.
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5.7 Physical Layout Design of Different Blocks of Multiplier

The physical layout design of different cells based on different non-clocked logic styles i.e.
DCVS, DSL, CNTL is done in standard UMC 0.18 « m CMOS technology. For this project
work, Cadence Corporation Ltd, Virtuoso was used for the design of physical layout along
with spectre simulator for validating the physical layout designs.

This section discusses the various layout designs of different blocks of multiplier and the
LVS program was made to run for the comparison of the schematic to the physical layout
structures. It will use both the extracted view and the schematic view of the physical layout.

5.7.1 Layout Cell Design of Various Gates

The layout of various gates in different logic styles are shown in figure 5.1, 5.2, 5.3, 5.4

Figure5.1: CNTL AND Gate layout
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Figure5.2: Layout of DCVS OR Gate

Figure5.3: Layout of DSL OR Gate

50



Chapter5: Physical Layout Design

Figure5.4: Layout of CNTL OR Gate

5.7.2 Layout Cell Design of Various Adders

The layout of half adders, full adders and [4:2] compressorsin different logic stylesis
shown infigure 5.5, 5.6, 5.7, 5.8, 5.9, 5.10, 5.11.

Figure5.5: Layout of DCVS Half Adder
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Figure5.6: Layout of DSL Half Adder

Figure5.7: Layout of CNTL Half Adder
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Figure5.9: Layout of 4-bit DSL Full Adder
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Figure5.10: Layout of 4-bit CNTL Full Adder

Figure5.11: Layout of CNTL [4:2] Compressor

5.7.3 Layout Cell Design of Carry Propagate Block

The layout of carry propagate block and carry propagate adder is shown in figure 5.12, 5.13
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Figure5.12: Layout of Carry Propagate Block

Figure5.13: Layout of CNTL Carry Propagate Adder
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5.7.4 Layout Cell Design of CNTL 8-bit multiplier
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Figure5.14: Layout of CNTL 8-bit multiplier



Chapter6: Simulation and Results

CHAPTER

SIMULATIONS
AND
RESULTS

6.1 Simulations Based on Schematic

The power curves for 1-bit full adder (DCV'S, DSL and CNTL) are given below:
Curve (a) shows the total current Ip drawn from the circuit.

Curve (b) shows the total current drawn multiplied by Vpp.

Curve (c) shows the integration of 15.Vpp.

Curve (d) shows thetotal power (Static and Dynamic) of the circuit.
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Figure 6.1: Power curvefor 1-bit DCVS Full Adder
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Figure 6.2 shows the power curve for 1-bit DSL Full Adder below:
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Figure 6.2: Power curvefor 1-bit DSL Full Adder

Figure 6.3 shows the power curve for 1-bit CNTL Full Adder below:

Transiant Rasponse

4
kS
Fa
i
= |
X R N I
1

|
—

o 50.0 Lo 150 z00

Figure 6.3: Power curvefor 1-bit CNTL Full Adder
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Table 6.1 shows the comparison of the power of 1-bit Full Adder (DCVS, DSL and CNTL):

Table 6.1: Power comparison of 1-bit Full Adder

Logic Styles Static Power (LW) Dynamic Power (LW)
(25 MH2Z)
DCVS 6.15 19.75
DSL 3.83 14.67
CNTL 1.78 13.23

Power curves for 4-bit Full Adder are given below:
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Figure 6.4: Power curvefor 4-bit DCVS Full Adder
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Figure 6.5: Power curvefor 4-bit DSL Full Adder
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Table 6.2 shows the comparison of the power of 4-bit Full Adder (DCVS, DSL and CNTL):

Table 6.2: Power comparison of 4-bit Full Adder

Logic Styles Static Power (LW) Dynamic Power (LW)
(25 MH2Z)
DCVS 25.19 66.59
DSL 11.24 50.23
CNTL 5.48 45.62

As we can see from Table 6.1 and Table 6.2 the power of 4-bit Full Adder is approximately
four times the power of 1-bit Full Adder.

6.2 Post Layout Smulations

The post layout power curves for 4-bit Full Adder are given below:
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Figure 6.7: Post Layout power curvefor 4-bit DCVS Full Adder
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Transiant Response
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Figure 6.8: Post Layout power curvefor 4-bit DSL Full Adder
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Table 6.3 shows the post layout power comparison for the three 4-bit Full Adder:

Table 6.3: Post Layout power comparison of 4-bit Full Adder

Logic Styles Static Power (LW) Dynamic Power (LW)
(25 MH2Z)
DCVS 25.19 72.24
DSL 11.24 56.47
CNTL 5.48 51.43

6.3 Simulations Based on Schematic for 8-bit Multipliers

Power curvefor 8-bit CNTL multiplier is given below:
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Figure 6.10: Power curvefor 8-bit CNTL Multiplier
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Power curvefor 8-bit DSL multiplier is given below:
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Figure 6.11: Power curvefor 8-bit DSL Multiplier

Power curvefor 8-bit DCVS multiplier is given below:
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Figure 6.12: Power curvefor 8-bit DCVS Multiplier
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Table 6.4 shows the power comparison for the three 8-bit Multipliers:

Table 6.4: Power comparison of 8-bit Multipliers

Logic Styles Power Dissipated(mWw)
(At 25 MHZ)
DCVS 14.7
DSL 6.66
CNTL 2.42

6.4 Post Layout Simulation 8-bit CNTL M ultiplier

(i)

Figure 6.13: Post Layout power curvefor 8-bit CNTL Multiplier

The power after post layout simulation of 8-bit multiplier comes out to be 3.07 mW which is
more than the schematic level simulation because parasitic capacitances come into picture in
post layout simulation.
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CHAPTER

CONCLUSIONS
7 AND
FUTURE SCOPE

7.1 CONCLUSIONS

The primary goal of thisthesis work isto show a successful try in terms of reduction
of power dissipation. The low power CMOS cell structures as like atwo-input AND
gate, a two-input OR gate, Half Adders and eventually the 8bit Multipliers are
designed using different non-clocked logic styles that are DCVS, DSL, CNTL. Out
of these CNTL isthe best logic style on the basis of power.

The entire CMOS cell structures which are designed in this thesis work are designed
in Cadence Schematic Editor in Virtuoso Analog Design environment using standard
UMC 0.18 *m Technology. Because of the main concern is power dissipation so
after the schematic design and the simulation, power dissipation for all the logic
styles are compared with each other. All the circuits operate & a supply voltage of
1.8V.

With CNTL technique, the circuit consumes less dynamic power and hence is power
efficient. It saves approximately 70% of power as compared to other techniques.

7.2 FUTURE SCOPE OF WORK

@ This thesis work is based on combinational circuit design but these techniques can
also be used in sequential circuits. In low power VLS| design CNTL technique has
very good scope for future because of less power consumption.
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