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ABSTRACT

During the 1990’s the main focus of chip design methodologies was on the timings and area
constraints. Power consumption was considered significant only after a drastic increase of device
densities from 130nm on as well as dramatic increases in sub threshold leakage. As technology
advanced from 130nm to 90nm and below there was a significant increase in leakage current due to
lower threshold voltage and the influence of the deep submicron effects. High power consumption
causes different problems such as increasing the cost of the product, reducing the reliability,
reducing the battery life among others. Therefore EDA tools were designed to maximize the speed
while minimizing area and only recently focused on improving power.

The main objective of this thesis is to complete a study of an ASIC (Application Specific
Integrated Circuit) design and test flow to establish a full design methodology for an undergraduate
class chip design and fabrication project from Verilog RTL to GDS2 for fabrication. The tools
includeSynopsys Design Compiler to generate a netlist of the physical design and Synopsys IC
Compiler to perform the placement and optimization followed by clock tree synthesis, routing and
lastly corechecking. The core is then inserted and connected with the chip pad frame using
Synopsys Custom Designer.The final chip GDS generated will be sent to Mosis for fabrication. The
Verification of the final chip design will be done usingCadenceVirtuoso. This project gives an
overview of different steps in the developmentof an ASIC, front end and back end design using
Synopsys Design Compiler and IC compiler flow. In this thesis a simple 8 bit counter is considered
as an example.

This Thesis will provide the students with familiarity with the current industry standard tools
from vendors like Synopsys and Cadence and thestudents will be well versed with acomprehensive

ASIC design flow. The final design will be sent to Mosis for fabrication and the student teams will
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have working silicon in their hands with five packaged chip per project the demonstration of which

will be beneficial when interviewing for a job in the chip industry.
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CHAPTER 1: INTRODUCTION

1.1 What is an ASIC?

Integrated circuits are usually fabricated on silicon wafers with the wafer containing
hundreds of dicestructures. ASIC stands for Application Specific Integrated Circuit and an IC
designed for a specific application while using standard cell library is referred to an ASIC. Examples
of ASICS include chips designed for satellites, chips designed for automotive systems, and chips
designed as interfaces between memory and CPU on a personal computer. Examples of IC’s which

are not ASIC include memories, microprocessors etc.

1.2 Types of ASICS

ASICS are categorized based on the technology used for manufacture. The various types are
full-custom ASICS and semi-custom and semi-custom can be further classified as standard cell

based ICs (CBICs), Gate Array (GA) type.
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Figure 1: Types Of ASICS

1.2.1 FuLL CustoM ASICS

The mask layers are customized in a full-custom ASIC where a majority of the design is done
at the transistor level in terms of layout and simulation. Full custom ASICS are designed if there are
no standard libraries available or when particular care is required to meet performance or power
requirements of an application. The full custom methodology offers the highest performance with
the disadvantages of increased design time, complexity, design expense, and highest risk.
Microprocessors are generally full-custom, but designers are increasingly turning to semicustom
ASIC techniques in this area as well. Other examples of full-custom ASICS are high-voltage
automobile, analog/digital (communications), or sensors and actuators.

The disadvantages of full custom ASIC are:

1. Design complexity

2. Lack of automation in the tools

3. Substantial design time



1.2.2 SEMI-CUSTOM ASICS

Semi-custom ASICS are ASICS that are customized in one or two areas. A semi-custom
ASIC is manufactured with the masks for the diffused layers already fully defined, so the transistors
and other active components of the circuit are already fixed. The customization of the final ASIC
product to the intended application is done by varying the masks of the interconnection layers, e.g.,

the metallization layers.

1.2.3 STANDARD CELL ASICS

A standard cell-based ASIC uses standard cells which are predesigned logic cells (AND
gates, OR gates, multiplexers, and flip-flops, for example). The standard-cell areas (also called
flexible blocks) in a Standard Cell Based ASIC are built of rows of standard cells. The standard-cell

areas may be used in combination with larger predesigned cells like memories or analog circuits.
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Figure 2:Standard Cell Based ASIC

1.2.4 GATE ARRAY ASICS

Gate array ASICS are partially finished with rows of transistors and resistors required but the
transistors are unconnected. The chip is completed by connecting the required transistors and
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resistors with the back-end metal layers. The Gate array is made of “basic cells”, where individual
cells contain some number of transistors and resistors depending on the vendor. Using a cell library
(gates, registers, etc...) and a macro library (more complex functions),the customer designs the chip
and the vendot’s software generates the interconnection masks.

These final masking stages are less costly than those associated with designing a full-custom
ASIC from scratch.

A gate array circuit is a prefabricated circuit with no particular function in which transistors,
standard logic gates, and other active devices are placed at regular predefined positions and
manufactured on a wafer, usually called Master Slice. Creation of a circuit with a specified function
is achieved by connecting the required elements using metal layers at the time of manufacture and
this can be done on wafers that have already been fabricated with complete transistors (front end)
and thus eliminate the amount of time between completing the design and obtaining silicon. The gate

array drawbacks are low density and low performance as compared to full custom or standard cell

ASICS.
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1.2.5 PROGRAMMABLE ASICS

a) PLDs are programmable logic devices that can be used to perform complex
functions. PLDs can be programmed for specific applications. PLDs use different technologies to
allow programming of the device.

PLDs are having these common features:

o No customized mask layers or logic cells

o Fast design turnaround

o A single large block of programmable interconnect

o A matrix of logic macro cells that usually consist of programmable array logic

followed by a flip-flop or latch.
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b) FPGA (Field Programmable Gate Array) are first developed in the mid of 80’s by
Xilinx. FPGAs are better in terms of functionality in comparison with PLLDs and can be used for
more complex and denser designs.

FPGAs are composed of logic blocks instead of unwired transistors.

The core of the FPGA is an array for logic cells that can perform combinational and
sequential logic

FPGAs have the following features:

o Less dense than custom mask

o Higher unit cost

o Ready to be used out the box

o Reprogrammable

o In this project, in which a methodology is established to be used in an undergraduate

design project, which ends with a free 0.5 micron CMOS fabrication, an FPGA-based emulation
process is used to evaluate and validate a design written in Verilog — similar to the approach taken by
industry. This significantly reduces the risk of the chip design being fabricated that is wrong.

Application Specific Integrated Circuits (ASICS) and Field Programmable Gate Arrays
(FPGAs) are different types of custom chips, which differ in their properties, cost, and
manufacturing process. The choice of which to use depends on the required application and its
requirements and in some applications, FPGAs are used to prototype a design given the low NRE
expense, but are replaced in production by ASICS to improve the per device costs [2].

Older style ASICS were of gate array type which consisted of unconnected transistors. The
most common type of ASIC currently used is the standard cell based ASIC which accounts for most
digital logic fabricated today. Many electronics companies with a core competency outside of the

chip industry (e.g. routers, cell phones, graphics processing) can design customized chips with the
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standard cell library and fabricate the chips at a silicon foundry. Examples of such fab-less
companies include NVidia or Qualcomm and this business model is gaining popularity given the
huge costs associated with silicon manufacturing and the availability of reliable and inexpensive
foundry services. The most popular foundry services are now located in Taiwan and China with
companies like the Taiwanese Semiconductor Manufacturing Company or Universal Manufacturing
Company. Companies like IBM and Texas Instruments in the USA also provide these services

generally providing better performance but at an increased cost per die [2].

1.3 Chapter Organization

The focus of this thesis is to develop a methodology to generate chips at an education level
for undergraduatesusing standard industry EDA tools by vendors like Synopsys and Cadence. The
remainder of this thesis is organized as follows:In chapter 2 the main focus is on how this new ASIC
design methodology has made the whole process of chip production fast, easy and efficient. The
chapter also discusses digital logic basics defining terms like propagation delays with a brief
description of the power consumption in digital circuits. Chapter 3focuses mainly on the tool
Design Compiler (DC) by Synopsys used for the synthesis of RTL. Chapter 4 mainly talks about the
synthesis optimization techniques that could be used for improving area and speed of the final
chip.Chapter5 describes focuses on the tool IC Compiler by Synopsys which is used mainly for the
place and route operation to generate the final core of the chip in design. Inchapter 6 the
methodology used is discussed.Chapter 7 provides the conclusion and future work. Appendix A
lists the Verilog code for the simple 8 bit counter used to test the methodology. Appendix B shows
the synthesis TCL script that was used. Appendix C lists the IC Compiler TCL script that was used

for design place and route operation.



