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ABSTRAK 

Di zaman ini, para pereka cipta berlumba-lumba bersaing untuk mereka cipta 

pembalik yang berprestasi tinggi dan litar integrasi berkos efektif. Untuk itu, ilmu 

pengetahuan dari semua aspek reka cipta digital adalah sangat diperlukan. Para pereka 

harus mempertimbangkan perihal aplikasi algoritma kepada pembentukan dan pakej. 

Mereka cipta sebuah litar yang berupaya memacu muatan kapasitan dalam tempoh yang 

minimum adalah sangat penting untuk rekacipta litar berkonsepkan VLSI. Sekiranya 

hanya satu pembalik yang digunakan untuk memacu muatan kapasitan, Cl�,,! dari kapasitor, 

tempoh masa yang di ambil adalah agak lama sekiranya nilai kapasitan adalah besar. 

Maka, tujuan projek ini adalah untuk mereka cipta beberapa siri pembalik bagi memacu 

muatan kapasitan yang besar dengan tempoh masa yang minimum. Tempoh masa yang 

lama dapat dikurangkan dengan beberapa siri pembalik ini. Saiz pembalik bagi setiap siri 

dibesarkan lebarnya dengan faktor nisbah setiap peringkat, A. Rekaan ini dihasilkan 

dengan menggunakan Program Microwind. 
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ABSTRACT 

Nowadays, designers competing each other in designing inverters with high 

performance and cost-effective integrated circuit which demands knowledge of all aspects 

of digital design. Designers consider the application algorhythm to fabrication and 

packaging. Designing a circuit to drive a large capacitance load with minimum delay is 

important for Very Large Scale Integration (VLSI) circuit design. When a single inverter 

is used to drive a capacitance load, Cload from a capacitor, the delay would be large if the 

capacitance load is large. Therefore, the intention of this project is to design a cascade of 

inverters, known as buffer to drive a large capacitance load with a minimum delay. When 

moving toward the load, the delay time can be significantly reduced by cascading N 

numbers of inverters. Each inverter for each stage is larger by width, W than the previous 

by a factor of stage ratio, A. The layout design is done by using Microwind Layout Tools. 
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CHAPTER I 

INTRODUCTION 

1.1 INTRODUCTION TO VERY LARGE SCALE INTEGRATION DESIGN 

Very Large Scale Integration is well known as VLSI is system design disciplines 

that can be consider as somewhat different set of areas than does the study of circuit 

design. Today's VLSI design projects are, in many cases, mega-chips which not only 

attain tens (soon hundreds and thousands) of million transistors, but must also run at very 

high frequency. 

Beyond being large and fast, modern VLSI systems must frequently be designed 

for low power consumption. Low-power design is of course critical for battery operated 

devices, but the sheer size of those VLSI system means that excessive power 

consumption can lead to heat problems. Like testing, low-power design costs across all 

levels of abstraction. 

1.1.1 Very Large Scale Integration Technology 

Very Large Scale Integration or VLSI is the integration of many small transistors 

on a single chip (Chen, 1990). Shrinking the transistor size for VLSI implementation is 

another driving force for CMOS because, as transistors dimension are reduced, the 

current delivered by a p-channel transistor approaches the current provided by an n- 

channel device of the same size. The speed of VLSI depends more on the actual circuit 
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design rather than the moderate difference in device driving ability. Furthermore, as the 

design cost increases rapidly for VLSI, process complexity, makes much less impact on 

total cost. On the other hand, the turnaround times maybe a much important aspect. This 

feature is especially critical for Application Specific Integrated Circuits (ASICs). A brief 

explanation about the ASIC's implementation can be refer to APPENDIX G. 

1.1.2 Very Large Scale Integration Technology Scale Down 

The evolution of integrated circuit (IC) fabrication techniques is a unique fact in 

the history of modern industry. The improvements in terms of speed, density and cost 

have kept constant for more than 30 years. 

For example, in August 2002, there were three companies debuting the industry's 

first 90nm (0.09 micron) CMOS design platform and cell libraries for system on chip 

solution. The three companies are, Motorola, Phillips and STMicroelectronics. This new 

scale system is to start next generation system-on-chip (SoC) product development for 

low power, wireless, networking, consumer and high speed applications. The multiple 

threshold-based library elements can be selected at the design level and used in the same 

design block. This will provide users of the platform greater flexibility to optimize 

performance and power consumption. The capability enables faster development for 

used in high performance and power-sensitive products. Refer to APPENDIX H. 

The figure below shows the evolution of scaling down from 130 nm to 90 nm. 

The smaller the scaling will improve the logic density, save power per gate and reducing 

the delay of the gate. 
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The table 1.1 below lists a set of key parameters, and their revolution with the 

technology. The increased number of metal inter connects the reduction of the power 

supply VDD and the reduction of the gate oxide down to atomic scale values. Table 1.1 

also shows the slow decrease of the threshold voltage of the MOS device and the 

increasing number of the input or output pads available on a single die. 

Lithography Year Metal 
La ers 

Core 
su ly (V) 

Core oxide 
(nm) 

Chip size 
(mm) 

Input/Output 
pads 

Microwind 2 
rule file 

1.2 m 1986 2 5.0 25 5x5 250 Cmosl2. rul 
0.7 m 1988 2 5.0 20 7x7 350 Cmos08. rul 
0.5 m 1992 3 3.3 12 I Ox lO 600 Cmos06. rul 
0.35 pm 1994 5 3.3 7 15x15 800 Cmos035. rul 
0.25 m 1996 6 2.5 5 17x17 1000 Cmos025. rul 
0.18 m 1998 6 1.8 3 20x20 1500 Cmos018. rul 
0.12 m 2001 6-8 1.2 2 22x20 1800 CmosOl2. rul 
90nm 2003 6-10 1.0 1.8 25x20 2000 Cmos90n. rul 
65nm 2005 6-12 0.8 1.6 25x20 3000 Cmos70n. rul 

Table 1.1 A set of key parameters, and the revolution with the technology 
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1.1.3 Very Large Scale Integration Design as a System Design Discipline 

1.1.3.1 A systematic design methodology reaching from circuits to architecture 

Modern logic design includes more than the traditional topics of adder design and 

two-level minimization-register-transfer design, scheduling, and allocation are all 

essential tools for the design and complex digital systems. Circuit and layout design tells 

which logic and architectural designs make the most sense for CMOS VLSI. 

1.1.3.2 Emphasis on top-down design starting from high-level models 

While no high-performance chip can be designed completely top-down, it is 

excellent discipline to start from a complete description of what the chip is to do; a 

number of experts estimate half of the application-specific ICs designed execute their 

delivery tests but do not work in their target system because the designer did not work 

from a complete specification. 

1.1.3.3 Testing and design-for-testability 

The customers demand both high quality and short design turnaround. Every 

designer must understand how chips are tested and what makes them hard to test. 

Relatively small changes to the architecture can make a chip drastically easier to test, 

while a poorly designed architecture cannot be adequately tested by even the best testing 

engineer. 
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1.1.3.4 Design algorithms 

Analysis and synthesis tools must be used to design almost any type of chip: large 

chips, to be able to complete them at all; relatively small ASICs, to meet performance 

and time-to-market goals. Making the best use of those tools requires understanding how 

the tools work and exactly what the design problem they are intended to solve. 

1.2 COMPLEMENTARY METAL OXIDE SILICON (CMOS) TECHNOLOGY 

1.2.1 Complementary Metal Oxide Silicon Circuit Techniques 

The most important difference between fabrication technologies is the types of 

transistors they can produce. Different transistor types require different circuit designs 

for Boolean logic and memory functions, which have very different speed and power 

characteristics. 

Figure 1.2 shows three different circuit topologies for an inverter, logic gate NOT, 

using different transistor types. A bipolar transistor circuit can be used along with a 

inverter to build an inverter. An n-channel enhancement mode MOS transistor can be 

coupled with an n-channel depletion mode transistor to create a static nMOS gate. While, 

a pair of p-type and n-type enhancement mode MOS transistors is used to build a static 

complementary, or CMOS inverter. The power for consumption for these circuits' 

decreases from left to right: the bipolar circuit requires a great deal of power, the nMOS 

circuit uses considerably less but still not negligible amounts, while the CMOS circuit 

requires very little power. While the bipolar transistor and the nMOS consume power in 

a steady state, the CMOS circuit consumes no steady state power. 
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Figure 1.2 Three Different Topologies for an Inverter 

1.2.2 CMOS Logic 

Logic elements process binary digits, 0 and 1. In any logic circuit, there is a 

range of voltages that is interpreted as a logic 0, and another, non-overlapping range that 

is interpreted as a logic 1. 

A typical CMOS Logic circuit operates from a 5-volt power supply. Such a 

circuit may interpret any voltage in the range 0-1.5 V as logic 0, and in the range 3.5-5.0 

V as a logic 1. Thus, the definition of LOW and HIGH for 5-volt CMOS logic is shown 

in Figure 1.3. Voltages in the intermediate range (1.5-3.5 V) are not expected to occur 

except during signal transitions, and yield undefined logic values. CMOS circuits using 

other power-supply voltages, such as 3.3 or 2.7 volts, partition the voltage range 

similarly. 
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Figure 1.3 Logic Levels for typical CMOS logic circuits. 

1.3 PROJECT OVERVIEW 

In high-speed digital VLSI design, bounding the load capacitance at gate outputs 

is a well-known part of today's electrical correctness methodologies. Bounds on load 

capacitance improve coupling noise immunity, reduce degradation of signal transition 

edges, and reduce delay. 

The objective of this project is to design buffer to drive large capacitive load with 

a minimum delay. As the feature size of integrated circuits decreases, gate delays 

decrease and interconnect delays increase. The overall logic-stage delay consists of a gate 

delay component plus an interconnect delay component. The gate delay component 

could be estimated by modeling the entire interconnect tree at the gate output as a simple 

lumped capacitance. Currently, with increased interconnect resistance and larger 

interconnect trees, the lumped capacitance approximation results in pessimistic delay and 

rise time calculations. Accurate estimation of gate delay and rise time closely depends on 
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the model for the driving point admittance of a load interconnect tree at the output of a 

gate. 

The formula to calculate the delay and number of inverter will be discussed more 

in Chapter 2. Chapter 2 will also concern on the characteristics of CMOS inverter and 

the power dissipation. Chapter 3 discusses the design methodologies and shows the 

design for each of the inverter in each stages, the cross section views and the 3- 

dimensional views of the design. Software program named Microwind is used to design 

the buffer. Chapter 4 focuses on the results and the discussion from the simulation of the 

design. The conclusion for the project is in Chapter 5 which covers the future prospects 

and difficulties in doing this project. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 THE COMPLEMENTARY METAL OXIDE SILICON INVERTER 

The inverter is known as the nucleus of all digital designs. It is the basic building 

block for the digital circuit design. The electrical behavior of these complex circuits can 

be almost completely derived by extrapolating the results obtained for inverters. The 

analysis for inverters can be extended to explain the behaviour of more complex gates such 

as NAND, NOR or XOR, which in turn form the building blocks of modules such as 

multipliers and processors. 

In 
0 

Figure 2.1 CMOS Inverter 
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The inverter performs the logic operation of A to A. When the input to the inverter 

is connected to the ground, the output is pulled to 5V through the p-channel transistor. 

When the input terminal is connected to VDD, the output is pulled to the ground through the 

n-channel MOSFET. 

There are several important characteristics of the CMOS inverter: 

i. Its output voltage swings from VDD to ground unlike other logic families 

that never quite reach the supply levels, 

ii. The static power dissipation of the CMOS inverter is practically zero, 

iii. The inverter can be sized to give equal sourcing and sinking capabilities, 

and 

iv. The logic switching threshold can be set by changing the size of the device. 

The common symbol for the inverter and the diagram in Figure 2.2 shows the 

normally used inverter circuit diagram. 

Input 

Input 

Output 

Output 

vs s 
(logic "0'ý 

Figure 2.2 Inverter Circuit Diagram 

The standard CMOS inverter is quite simple: one p-type transistor connected to the 

power rail joined at the inverter output to one n-type connected to the ground with rail with 

their common gates connected to the inverter input. 
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" p-type is always used to make output logic "I" (VDD) 

" n-type is always used to make output logic "0" (Vss) 

The key to full voltage levels of the CMOS inverter output is that the output is a 

drain of both of the transistors. 

If there is OV on the input to this inverter, the p-type is switched ON and the n-type 

is switched OFF; thus, there is a connection between the power rail and the output, and so 

charge flows onto the output. If there is 5V on the input, the p-type is OFF and n-type is 

ON; any charge on the output flows through the channel in the n-type to the ground rail. A 

HIGH voltage on the input leads to a LOW voltage on the output; a LOW voltage on the 

input leads leads to a HIGH voltage on the output: we have an electrical implementation of 

NOT gate. 

Input 
ý0 

p-type 
ON 

n-type 
OFF 

output 
ýI 

0 OFF ON 0 

Referring to Figure 2.1, CMOS inverter consists of a p-channel and an n-channel 

driver, both are enhancement mode devices. The source and substrate of the p-channel are 

connected to VDD, whereas the source and the substrate of the n-channel are grounded. 

This arrangement ensures that VBS =0 for both devices. Thus, no body effect exists in the 

CMOS inverter. The input of the inverter (V;,, ) is connected to both p- and n-channel gates 

and the drain areas of the two devices are also tied together for output (V,,,,, ). If the input is 

at VDD, the n-channel device is on and the p-channel is off. When the input is switched to 

zero, the channel device is off, while the p-channel load device is on because VGS in p- 

channel is now at -VDD. 
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