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Abstraci— This paper explores an important aspect of VLSI design:
how can the design processes assure tha! a product Is reliable.
While refiability is closely refated toyield, we will show that it is not
sufficient fo improve yield to assure high reliability. This & the first
stage in exploring the topic and needs further study to reach some
pragical agpproach jor design for reliahility. In this paper we
explore a methodology to guide the engineers design choices
toward an optimal implemeniation of reliable VLST design.
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L. INTRODUCTION

Traditionally, the word “reliability” in electronic design
alludes to IC fabrication and the special steps taken during
the physical design process to minimize process defects and
to increase the yield. Many studies have been conducted to
improve yield, but without evidence of improved reliability.
How toimprove the reliability is a fundamental question that
needs to be answered particularly in the context of present
nano-size technology features. In addition, the response o
this question should not be addressed only at the backend of
the design but also at the front end. As the technology,
feature size, becomes of the order of few nanometers, more
numerous and newer defects are encountered. In order to
increase the reliability of the product it is important to
consider the different steps taken during the whole design
process: from concept to fabrication including the
management. In this presentation, an attempt is made to
provide a framework to assess and improve reliability from
the early stage of the design to the completion of the product.

In the rest of this paper we will first give the
motivation for raising the issue in Section II, then in Section
T we will contrast yield and reliability. In Section IV we
define reliability defects and in Section V we relate reliability
to different phases of design. The last section of the paper
explores the scope of Design for Reliability.

. MOTIVATION

Electronic Products are globally ubiquitous. The electronic
market is driven by consumers who are obsessed with newer

gadgets and higher-speed products at lower cost. Mogt of
these products

include many functions that are not necessary and often used
by consumers. For example, a picture and web phone or a
has become actually an entertainment center. In order to mest
this growth, the industry is struggling with the challenge of
designing nanoelectronics products whose lifetime is shorter
than the time to market on one hand, and, the continual rise
in awareness for reliability and sustainability on the other.
To optimize cost and profitability, many efforts are taken
which concentrate on improving the yield.

II. YIELD AND RELIABILTY

Yield i the ratio of the number of known good chips to the
total number of chips at the beginning of production. It is the
most important index of IC manufacturing and increasing the
yield makes good business sense. Although many vield
models are used , the value of this statistical parameter is a
function of different stages through which the product passes
as illustrated by Fig. 1. The yield may be improved with
higher precision fabrication, packaging, and increased fauk

coverage, Usually it is also improved by burn-in process
before shipping.
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Figure 1. Stages of yield calculation (Kuo 1999)

Reliability, on the other hand, is the ability of a system or
component to perform its required functions under stated
conditions for a specified period of time [IEEE’90].

It s givenby: R = e '™ = g™ m

where, R is the Reliability (Probability of success), ¢ & the
Mission time, m i the Mean Time Between Failure (MTBF),
and A isthe Failure Rate (1/MTBF). The Failure Rat is a
function of time and varies through the lifetime of the
product as illustrated with the well-known bathtub curve. At
the beginning of the product life, the reliability can be



expressed as function of the defect level D, pthat is, the
number of chips that are not defective: R = 1- D, There are
different ways of the expressing D; in terms of the yield and
the fault coverage, T, among these:

R=1-D, =Y"" [Kim 1998] )

Reliability & a function of quality and time while Yield is a
function of quality at a certain time. A high yield does not
guarantee reliable ICs as yield may be low but reliability can
be high as indicated in Fig. 2.
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Scattered evidence showing cormrelation between yield and
relmbility is available [Kim 1998], [Jensen 1999] and
[Huston 1992]. Nevertheless, such evidence does not
constitute a proof. Cormrelation simply indicates possibility.
Some evidence from IBM are given in [Melan 1982], [Jensen
1988] and [Stapper 1982]. If the testing process is thorough,
both the yield and the reliability are affected by the fault
coverage as indicated by the last expression, Eq. 2. This
explains the emphasis on testing and design for testability
particularly in the 1980s: Full Scan design and BIST for
R.AMSs and logic circuits.

Tedting uncovers mostly manufacturing defects and
incorrect design. However, good testability is not a guarantee
for product endurance unless the fault coverage includes
reliability defects.

IV. RELIABILITY DEFECTS

While industry is placing its emphasis on catastrophic
defects which are usually of large sizes or large clusters,
defects undermining reliability are relatively small The
industry is faced with a fab process that in consmntly
changing while the design process remains stable. This isa
wrong assumption since the reliability is affected by non-
catastrophic defects. A very common distribution of defects
sizes is shown in Fig. 3. For example, gate oxide defects
will results in yield loss or reliability failure depending on
the size of the defects as illustrated in Fig. 4.

The relation between yield and reliability defects has been
expressed as

R=Y*

R=(Y/M)*

where k =Ar/Ay [Huston 1995) and a= Dw/Dy and M a
clustering effect [Kuper 1996]. A and D are the areas and
density of reliability and yield.

Reliability defects are small in size. They are activated
by the use of the produet, (utilization) examples: thin oxide
including leakage, large current densities, overheating tight
pitch of interconnects. Design process is unable io cope with
the constant scaling down of the technology. Weak
interaction exists between logic and physical synthesis.
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Figure 3. Distribution of Defects

All these demands create a problematic simation because of
the characteristics of present ICs, such as the newest
communication and networking ICs, which are DSP based,
using mixed signal (digital and analog); or for system on a
chip (S80C) paradigm where there is embedded sofiware,
control, data path, DRAMSs, etc. making the system larger
and more complex.
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Fig. 4, Type of failure according to defect size.

V. RELATING RELIABILITY TO DESIGN

The failure rate is givenby A = A, 70 . 7 .70 3)
where, the multiplier /v is a factor that reflects the technology,
the environment E, the quality of the process Q, and the type
of circuit F. Originally, the Circuit Type Multiplier was held
constant, but subsequent findings redefine it in term of a
maore specific type of circuit such as PL A or a RAM:

=T Ty [Stapper 1995) @)



These multipliers underestimates the elaborate design
cyele encountered in modern products.
The product’s reliability depends also on the Design Cycle
stages, the CAD took used and the management of the

project.
We propose a multiplier that includes the different design

processes, logic synthesis physical design, and testing
Np =Rppfp " Rr ®)

V1. DESIGN FOR RELIABILITY

The main issue therefore, i how to minimize potential
problems that may be caused by reliability defects? Moreover,
how to reflect effects of design siages in the design
multiplier?

In future paper, we will respond to these questions by
investigating the following issues and making
recommendations to improve reliability.

1. Co-synthesis Paradigm: Combining logic and
physical synthesis in Vertical Integration [Sakk
1999] and concurrent integration [Pedram 1998].
Also the need for specifying the boundary protocol
for Hardware/Software Co-Design:

2. Verification: Simulation, [MacMillen], Emulation,
and Formmal verification

3. Tesing: which fault model © -emphasize?
Representation, if possible, of design utilization
failures. Moise Margin fauls: faults caused by
violating noise margin, e.g. due crosstalk. Effect of
analog circuits and their testing; Incorporating  the
effects of current density in an existing fault model

4. General Recommendations such as:

*  More emphasis on system level, Divide and
CONGUET.

*+  Reuse, don't build.

*  Fault tolerant Design.

*  Design for tolerance of defects.

5. CAD Toolss We can design with CAD took but we
cannot rely solely on them, Lack of accurate

parasitic calculations [Breuer 2002]
6. Emphasis on theoretical research.

7. Reliability and Management
VII. SUMMARY AND FUTURE WORK

This paper explored the space for design for reliability and
indicated the need to consider Reliability as a VLS attribute
that is distinguishable from Field. Seven different areas to
improve reliability have been identified and will be explored
maore fully in subsequent work.
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