CHAPTER 3
PROCESS CONTROL

“Emphasis is on defect prevention so that routine
inspection will not be needed to a large extent.
The burden of quality proof lies not with
inspection but with the makers of the part.”
Armand V. Feigenbaum

In SGS-THOMSON the term “Process Control”
embraces all actions performed to keep the
various processes under control, i.e. to assess
and to reduce the process variability and to
initiate and accomplish actions to improve it.
The main tools used are:

= Failure Mode and Effects Analysis (FMEA)
= Design of Experiments (DOE)

= Defect Density Control and Reduction

= Production Environment Control (PEC).

3.1 STATISTICAL PROCESS CONTROL (SPC)

A process is “under control” when its output
values remain within predefined limits called
control limits. This can be achieved when all
events, including input parameters, affecting
the output value are known and controlled

In the strategy to minimize process variability,
our objectives are the following:

= in-line process control

= process capability (Cp) improvement
= process variability (Cpk) minimization
= anomalous lot elimination

= cost of non quality reduction.

The program is driven by a corporate steering
committee and implemented by local steering
committees for groups, plants or major support
departments. SPC training is supplied at all
levels from top management to operators,
tailored according to the specific needs and
uses. Standard Operating Procedures (SOPs)
and SPC manuals detail the principles and
methods of applying SPC.

Historically, SPC was applied only to output
parameters. Increasingly input parameters are
now also being controlled as a means of
preventing variability.

At SGS-THOMSON we extend the concept of
SPC beyond the conventional aspect of
control to include prevention via Failure
Modes and Effects Analysis (FMEA) and
improvement via Design of Experiments
(DOE). This extended concept of SPC is the
pillar of built-in quality.

Failure Mode and Effects Analysis (FMEA)
FMEA is a disciplined methodology to
anticipate and evaluate potential failure modes
and to define preventive actions. This is
performed during the initial design and
development of a product or process using
cross functional teams. It is a dynamic process
and lessons learned can be used to prevent
costly field failures and redesigns, resulting in:

= higher reliability
= more robustness and fewer defects
« shorter effective time to market.

Remedies are addressed with this order of
priority:

= reduction of occurrence
« avoidance of failure mode
= increase of detection effectiveness.

Design of Experiments (DOE)

Design of Experiments is one of the efficient
tools in optimizing a process. Because of the
numerous factors involved and the complex
interactions of semiconductor processing, a
few major factors are chosen and evaluated in
a matrix form.

Provided the experiments are well defined it is
possible to build a model capable of predicting
the behavior of the process and to compute
the sensitivity of the process to input
conditions, thereby selecting those input
conditions which give the minimum variance.
(a robust process).

To define the set of experiments, methods such
as Taguchi or factorial design are commonly
used. Response Surface Methodology (RSM) is
however more widely applicable and is the
preferred approach in wafer processing.
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In-Line Process Control

In a typical wafer process, more than 200
variables may be controlled via SPC. In
SGS-THOMSON we extensively use EWMA
(Exponential Weighted Moving Average)
control charts and other appropriate charts (in
back-end processes X, R with Western Electric
rules, and P charts). Pearson Cpk is also used
to calculate Cpk for non normal distributions.
Automation is needed for real time data entry
and control chart interpretation.

A pre-defined control plan guides operator
response to any out of control condition, so
that in-line control can be effected
economically and with a high degree of
assurance. This in turn, makes the traditional
gates non added value controls, according to
the built-in quality strategy.

Among all process steps the “critical few” are
defined via FMEA and they are monitored with
SPC. A selection of these steps is also provided
to customers, when required, to demonstrate
the ongoing control of qualified processes.

For management review, SGS-THOMSON has a
unigue method to present the control status of
all critical steps in the total process. We call this
the Pipeline Chart. (See fig. below).

This chart is a powerful tool for focusing
process step capability improvement efforts.

Measuring Equipment Analysis

The capability of measuring equipment is
determined by gauge R&R (Reproduction and
Repeatability) studies and is presented as an
index called Cpm. This represents the
distribution of the measurement error relative
to the specification limits of the parameter
being measured. A Cpm =10 is the goal. A
Cpm <3 is considered not acceptable.

3.2 DEFECT DENSITY

Given good control of process steps, the
primary source of yield loss is defects on the
wafers, which occurs during processing.
“Killer” defects which normally result in
catastrophic failure, are usually in the order of
1/3 the size of the minimum critical dimension
of the process. Reduction in defect density is
achieved primarily by minimizing defect
causes at source.

As a result, for control purposes, it is
satisfactory to infer defect density from yield.
Statistics provide many models for linking
defect density (number of killer defects per
elementary area) to yield.
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The most common are:
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All assume random defect distribution
with some clustering. After analysis of

S G S -THOMSON'’s specific multiprocess front-
end operations, it was concluded that no
individual model gave an adequate fit.

Research showed that the best fit over a wide
range of critical dimensions was obtained by
averaging the Murphy and Seeds models.

Murphy/Seeds averaging:
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This model allows a valid defect density to be
obtained from day-to-day yields. This is used
as a benchmark of the company’s progress
towards its annual defect density reduction
goals.

This approach, coupled with the company’s
heavy investments in state-of-the-art front-
ends, has resulted in a continuous reduction in
defect density.

3.3 PROCESS CHANGE CONTROL

It is SGS-THOMSON policy to keep customers
informed of all major changes, i.e. those
identified as requiring notification. (See list
below).

Customers require product integrity and
process stability. However to support
increasing market demand for improved
performance and quality, product and process
evolution are required. It is considered a major
responsibility to ensure that any change does
not adversely affect customers.

The process change notification contains a
description of the change, product affected,
reason for change, potential impact on
customer, supporting reliability and other
characterization data and timing for the
effective change completion.

The list of changes requiring notification
comes from MIL-STD requirements and
customer programs.

Major Changes
Typical examples of changes requiring
customer notification:

= site change (transfer of operation to
another site)

= line change (modification of process flow)

= materials (wafer size, lead frame, molding
compound, package)

= wafer fab process steps (diffusion gas, oxide
thickness, metalization, passivation)

= assembly process (die attach, bonding,
molding, plating)

= testing and finishing (electrical / visual
specification, marking requirements)

= packing requirements ( packing, labeling).
The certification of new processes, process

transfers and major process changes are
summarized in the following form.
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Ly, B2 THOMGEN

PROCESS APPROVAL CERTIFICATE
NEW PROCESS/PROCESS TRANSFER/MAJOR PROCESS CHANGE

GROUP/Division Certificate Nr

Date Expires on

Process identification :

Certification level (1) New [ ] Change [ ] Transfer [ ]

Process Change Description :

- Design Rules Manual : Nr. Date Revision

- FMEA & Development Report Nr. Date Revision

- Process Flow Chart : Nr. Date Revision

- SPC Plan and Report : Ref

- Parametric Testing Documentation : Ref (wafer process only)

- Process Reliability Program (WLR) : Ref

- Process Reliability report : Ref

- Test Vehicle (TV) : Line Package Technical Code

- Test Vehicle Qualification Report : Ref

- Transfer Check-list : Ref

RESPONSIBLE ORIGINAL LINE MANAGEMENT LINE MANAGEMENT
(if transfer) (receiving line if transfer)

Date Name Signature Date Name Signature

Coordinator

Process Eng Manager

Device Eng Manager

Product Eng Manager

QA Manager

Operations Manager

Group Q&R Manager

Group Manager

Group Mgr temporary approval, if required :Date Signature

Received by Central R & QC : Date Signature

NB : All specifications must be in UDCS.

(1) Please cross the appropriate level
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3.4 PRODUCTION ENVIRONMENT CONTROL
(PEC)

A major cause of defects is particulate
contamination. Particles can come from a large
variety of sources in the production
environment:

= ambient air

< human beings

= de-ionized water

= chemicals and gases.

Each of these sources must be rigorously
controlled, with constant attention to
improvement. The degree of control required
depends mainly on the sensitivity of the
process step to particulate contamination (e.g.
before or after passivation) and the minimum
critical dimension (which determines the
maximum allowable particle size).

Modern wafer fabs have an environment of
class 1 or better, i.e. class 1 describes air with
not more than 1 particle per cubic foot of a
size 0.5 micron and larger, nor more than 35
particles per cubic foot of a size 0.1 micron
and larger, as shown below.

Quantity of particlates per cubic foot
Class 0.1ym 0.2um 0.3um 0.5um
1 35 7.5 3 1
10 350 75 30 10
100 750 300 100
1000 1000

Extract from FED STD 209E

Electrical Wafer Sort (EWS) or probing of
passivated wafers can safely be done in class
1000, however more modern facilities provide
class 100 and even class 10 in some special
cases. In assembly, the general environment is
maintained at class 10,000, with class 1000
"under the hoods"

In addition, the temperature and humidity of
the production environment must be rigorously
controlled to minimize variability. Nominal
values are fixed in the comfort ranges for
human beings, as shown below.

Environment Temperature Humidity
Wafer fab area 22 +1°C 50 +10%RH
Assembly area 21 £2°C 43 £13%RH

Test area 22 +2°C 55 +10%RH

Environmental control

3.5 CONTAMINATION FREE MANUFACTURING
(Process media purity and their impact on
IC production)

The relevance of process media purity to IC
production yields has, in recent years, become
more obvious. Chemicals, gases, machinery
and equipment are controlled and are
routinely monitored.

The study of chemicals and gases has
improved, more accurate instruments are
available for both the analysis and surface
characterization after wet processing. In
general, better data is available on the impact
of contamination levels on the devices.

Metal and particulate concentrations are taken
as quality parameters since they cause the
worst yield problems, are relatively easy to
measure and there is clear understanding of
their damage mechanisms. Due to the
significant improvement in the previous
categories, equipment and machinery is now
the No1l source of particles.

Trends in quality have been identified and
accepted for common use by suppliers and
users, as shown below.

People sourced particles are controlled by Production | De-ionized Chemic_als Chemicals | Line Gases

proper gOV_\min91 controlle_d passage f_ror_n . e conr:;rt]?rlllgction :oonTSn;r;Ztt?; |rzle:ucﬁ:::gs

lower to higher class ambients and disciplined

behavior. 1996-98 | 0.10 ppb| 10.0 ppb| 3.0 ppb| 500 ppb

1999-2000| 0.05 ppb| 3.0 ppb| 1.0 ppb| 100 ppb

. . 2003 | 0.02 ppb| 1.0 ppb| 0.1 ppb| 30 ppb

D.l. water resistivity and bacteria counts are PP PP PP PP

continuously monitored. Trends in process media quality
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3.6 GATE SUBSTITUTION

The historical approach to quality control
accepted an inevitable defect level and
specified an acceptable level that could be
controlled by sampling. There was an
underlying belief that quality and cost were a
trade-off. The gate inspection system was
institutionalized and re-inforced by Juran’s
early works.

The purpose was to separate the good lots
from the bad. The bad lots were rescreened
to reduce the defectivity due to marginal
design, handling or equipment errors during
production, or incomplete testing. The
sampling plans used an Acceptable Quality
Level (AQL) approach to control the quality.
Using this approach, it was possible that
good lots were rejected and bad lots
accepted.

Old Belief - cost goes up as quality improves
(AQL & screened in quality)

Robust Design: design rules must be upgraded
to improve the robustness of the initial design.

Certified Materials: certified materials and
suppliers are a firm base on which to start
production.

Trained Operators: a trained certified work
force is a key to obtaining consistent and
acceptable product.

In-process Inspection: inspection and
acceptance at source lead to immediate
resolution of any issue and a clear definition of
who has the responsibility for quality.

Stop in Time: assures immediate corrective
action and prevents continuing production of
defective material.

Thorough Testing: adequate test coverage and
built-in fault detection are critical to product
compliance to data sheet requirements.

New Truth - cost continuously declines as
quality improves
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Failure rate versus cost of inspection

As defect levels were reduced, the goal of zero
defects was later proposed by P. Crosby. When
defect levels fall below a few 100 ppm, AQL
sampling plans become meaningless. For an
economic sample size, the probability of
detecting a defective becomes very small.
Controls however, are still useful for measuring
the performance of the line.

Gate sample inspection and testing therefore
have to be replaced by other approaches, e.g.

Cost decreases with improvement in capability
(designed and built-in quality)

Any gate substitiution program must however

proceed with caution and be replaced with an
adequate system for monitoring the inspection
and testing quality levels.

Data from these monitors is fed back to
Manufacturing and Design to allow them to
eliminate the defects at source by design and
prevention.
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3.7 ZERO DEFECTS AND BUILT-IN QUALITY

Zero Defects

Decrease in the defectiveness of
semiconductors over the last decade derives
not only from technology but also managerial
attention which has resulted in on-going
guality improvement programs.

Programs such as gate substitution and use of
statistical tools at all stages of manufacture,
have resulted in typical defect reduction
targets, as expressed in the SGS-THOMSON
Quality and Manufacturing standards.

The defect reduction per annum benchmark is
a good motivation since it sets a continuous
and easily identifiable goal. By controlling
defectiveness beyond the ppm to ppb regions,
we will monitor our progress towards zero
defects.

Built-in Quality

The conventional process flow consists of
several operations with a few quality gate
inspections/checks spread throughout the
process. These inspections rely on someone
checking samples from each lot and detecting
the defects.

A new form of process control has evolved,
which places the responsibility for the quality
of each operation to the person trained and
certified to do this particular activity, including
Design, Development, Manufacturing,
Distribution and Service.

This new form of Process Control, sustained by
Management Commitment, People Empowerment
and Continuous Improvement action plans is the
pillar of the SGS-THOMSON built-in quality
strategy aimed at Total Customer Satisfaction.

In addition to the implementation of an effective
SPC system, as stated in Chapter 3, there are two
main programs that address these principles:

= Total Productive Maintenance (TPM), which
empowers the operators to repair and
maintain the equipment on which they are
working

= Self Managing Teams (SMT), which empower
a team of people working in the same area to
take all appropriate and immediate
corrective/preventive actions to improve any
process variation.

,

= Employees who are capable, empowered,
motivated, well trained and who work in
teams

= Robust design including ESD protection

= Advanced manufacturing automation

= Effective Statistical Process Control

= Package modellisation

= Effective partnership with piece part and
material suppliers

THE KEY INGREDIENTS OF BUIL T-IN QUALITY

= Accurate material, equipment and
environment control

= Effective wafer level reliability and
Assembly level reliability

= No compromise , no relaxation on quality
momentum, continuous improvement

= Strong Total Quality culture throughout
the company focused on prevention

= Cross functional teams
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Test Coverage

A problem that is becoming more important as
very complex semi-custom and custom
products grow in prevalence is test coverage.
The issue arises most frequently in connection
with “customer owned tooling” devices, but it
can also be problematic with analogue
circuitry. The problem is to define test programs
that fully reflect all limit conditions in the
application.

This can be especially difficult when the
application may have some marginal design
aspects. Only a very slight change at the margin
can result in hundreds of ppm apparently
defective devices. Unfortunately not all
applications reflect the same robust design that
is expected for complex chips.

Where test coverage is the issue, devices that
have zero ppm at final test can appear to have
a few thousand ppm defectives in the
application. Similarly devices experiencing zero
rejects at several customers, can show a few
thousand ppm defectives at a particular
customer.

Usually test coverage can only be resolved by
very close co-operation between the supplier
and the customer. The supplier’s test engineer
must understand the requirements of the
application in intimate detail to resolve such
problems.

Customers should be aware that:

= when defectives are experienced in high
hundreds or low thousands of ppm, the
problem is almost always test coverage

= test coverage problems do not reflect poor
guality of either the product or the
manufacturing process

= resolution of test coverage issues is always
possible but usually requires close co-
operation between customer and supplier

- test coverage is almost never a problem with
commodity products. It arises only with those
custom or dedicated products that give
customers competitive advantage

- test coverage cases should be eliminated from
supplier quality comparisons.

3.8 WAFER FAB TYPICAL FLOW CHART
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3.9 ASSEMBLY TO SHIPPING TYPICAL PROCESS FLOW CHART

7 | Matenal inspection

Ztarting materialz are inzpected
accoming to specifications and reecds
arz maintained for taceability. Certified
zuppliers supply Ship-To-Stock matenals.

GED Wafer mounting - sawing
wafers are zawn into indiridual dice

2 1 InProcest control

| Die attach

(=

111 In Procecc control

-

2 | Wire bonding

131 In Procecc control

¥isual acceptance

14| [when applicable)
before encapsulation

5 | Molding

(=

151 In Procecc control

7 | Lead finiching

(=

18| In Process control

L

G‘B Trim and form and laser marking

201 InProcecs condrol

(ra,

D Electrical testing

221 InProcect control

22| Electrical acceptance

(hay

D ¥icuamechanical incpection

261 InProcect control

2| ¥Wisuamechanical acceptance

27 | Reliability monitoring

{ha™y

& | Packing

29| Packing and documentation acceptance

(] 100 opertion or screen
D rrprocess cortndl (roritor)

¥ |:| A Ete acceptance (smrnpling)
Shipping
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