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STATISTICAL PROCESS CONTROL SYSTEMS
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Introduction

Continuous quality improvement and the achievement of operational and manufacturing
excellence are the essence of the total quality philosophy. One of the major vehicles used for
achieving the excellence objective is the application of Statistical Process Control (SPC)
techniques.

SPC embraces a management philosophy of continuous process improvement that has a
primary focus on prevention of outliers or maverick products to be shipped to customers.
After a process has been characterized using statistical techniques (i.e., design of
experiments (DOE), capability studies), SPC is a tool that can be applied to control and
optimize the process and reduce variability. An acceptable approach toward an SPC system
involves the use of "end-of-process" data to control the process through the application of
SPC techniques. However, the intent of this standard is to emphasize the use of in-process
data in order to better control and forecast product quality. This proactive use of SPC in
conjunction with other techniques and the appropriate responsiveness to out-of-control
situations serves to make SPC techniques critical in continuous process improvement and
achieving excellence.

It is well recognized that the implementation of an effective and measurable continuous
improvement program, which includes SPC, is an ongoing process. In order for techniques
such as SPC to be firmly established throughout all facets of an organization, a strong
management commitment must exist. In addition, personnel must be trained, involved, and
held accountable in this statistical analysis, control and improvement process. The exact
nature and sophistication of these techniques may vary from manufacturer to manufacturer,
depending on the management concepts involved. In recognition of this tendency, this
standard provides the general requirements of SPC, including definitions and terminology to
promote standardization of best practices.
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STATISTICAL PROCESS CONTROL SYSTEMS

(From JEDEC Board ballot JCB-15-09, formulated under the cognizance of the JC-14 Committee on
Quality and Reliability of Solid State Products.)

1 Scope

This standard specifies the general requirements of a statistical process control (SPC)
system.

2 References

The following normative documents contain provisions that, through reference in this text,
constitute provisions for this standard. For undated references, the latest edition of the
normative document referred to applies.

JEDEC JEP132, Process Characterization Guideline
ISO 10012, Measurement Management Systems - Requirements for Measurement
Processes and Measuring Equipment

3 Terms and definitions

EIA-557-B defined many terms used in the field of SPC. Many were not actually used in EIA-
557-B. In this standard, JESD557C, the terms necessary to understand the text are defined
in 3.1, other terms are defined in Annex F.

3.1 Terms and definitions used in this document

audit: The periodic review of procedures and observation of performed activities to evaluate
compliance with requirements.

average: The sum of the sample values divided by the number of sample values. A
measure of location used to estimate the population mean.

capability: The ability to meet a specification.

capability index: A measure of the relationship between the specification limits and the
capability.

characteristic: A distinguishing feature of a process or its output on which variables or

attributes data can be collected.

characterization: A description of the characteristics of a product or process by
mathematical modeling, design of experiments, or statistical data evaluation.

NOTE Methods of statistical data evaluation are described in JESD557 and JEP132.
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3.1 Terms and definitions used in this document (cont’'d)

common cause: A source of natural variation that affects all the individual values of the
process output being studied.

NOTE In control chart analysis common causes appear as part of the random process variation.
control chart: A graphic representation of a process characteristic showing plotted values
of some statistic gathered from that characteristic, a central line and one or

two statistically derived control limits.

control limits: The maximum allowable variation of a process characteristic due to common
causes alone.

NOTE 1 Variation beyond a control limit may be evidence that special causes are affecting the
process.

NOTE 2 Control limits are calculated from process data and are usually represented as a line (or
lines) on a control chart. They are not to be confused with engineering specification limits.

Cpk: See “process capability index (Cpk)”.

critical (process) node: A node in the process flow whose output has a significant impact
on the process.

data point: A value that is either observed or calculated.

individual: A single unit or a single measurement of a characteristic.

mean: The sum of the population values divided by the number of values in the
population—a measure of location (central tendency) equal to the center of gravity of the

population.

median: The middle value in a group of measurements when arranged from lowest to
highest—a measure of location.

NOTE When the number of measurements is an even number, the average of the two middle values
is used as the median.

node: A definable point in the process at which form, fit, or function of the product or service
is altered.

normal distribution; Gaussian distribution: A continuous, symmetrical, bell-shaped
frequency distribution for variables data.

NOTE When measurements have a normal distribution, about 68.26% of all individuals lie within plus
or minus one standard deviation unit of the mean; about 95.44% lie within plus or minus two standard
deviation units of the mean; and about 99.73% of all individuals lie within plus or minus three standard
deviation units of the mean.”

out-of-control: A set of data with the mean value or sigma of a sample violating the control
limit

out-of-spec: A set of data with at least one value violating the spec limit.

parameter: A measurable characteristic.
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3.1 Terms and definitions used in this document (cont’'d)
population: The collection of all possible values of a given characteristic.

probability: The relative frequency with which an outcome takes place over a very large
number of trials in each of which the outcome could have occurred.

process: (1) A combination of people, procedures, methods, machines, materials,
measurement equipment, and/or environment for specific work activities to produce a given
product or service.

(2) A repeatable sequence of activities with measurable inputs and outputs.
process capability: The capability of a process to meet its specification.

process capability index (Cpk): A measure of the relationship between the process
specification limits and its capability.

process capability study: A study that quantifies natural process variability.

run: A number of consecutive points, usually seven or eight, above or below the centerline.
sample: A set of individuals taken from a population.

special cause; assignable cause: A source of variation that is intermittent, unpredictable,
or unstable and affects only some of the individual values of the process output being
studied.

specification limits: The boundaries for judging acceptability of a particular characteristic.
standard deviation: A measure of the spread or variation in a probability distribution
(population standard deviation) or in a sample of values measured on the output from a

process (sample standard deviation).

statistic: A value calculated from or based upon sample data used to make inferences
about a parameter of the population from which the sample came.

statistical control: The conditions describing a process from which all special causes of
variation have been eliminated and only common causes remain.

statistical process control (SPC): A method of quality control that uses statistical methods
in order to monitor and control a process.

statistical quality control (SQC): Statistical methods and procedures used to document
and ensure compliance with requirements.

target: The desired value for a statistic of a characteristic or parameter of a process node.
trend: The movement of a process in a consistently increasing or decreasing direction.

variation: The difference among individual outputs of a process.

NOTE The sources of variation can be grouped into two major classes: common causes and special
causes.
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3.2 Other terms related to SPC/SQC

For other terms and definitions related to SPC but not used in the text, see Annex F.

4 General SPC System Requirements

The general requirements of an SPC system are provided in the following paragraphs,
however, the paragraphs are not provided in any prescribed order. The general requirements
of an SPC system shall encompass, but are not limited to, the following elements:

a) Overall quality system

b) Management commitment

c) SPC system documentation

d) Critical process nodes

e) Gage characterization and capability
f) Process characterization and capability
g) Control system documentation

h) On-line/off-line control

i) Training

j) Supplier SPC systems

k) Calibration

[) Preventive maintenance

m) Self audit

4.1 Overall Quality System

A prerequisite to the effective implementation of SPC is the existence and adequate
application of the basic elements of an overall quality system. A quality system shall be
documented and capable of being audited. The basic elements are described in various
documents such as ANSI/ISO/TS16949ff.

The quality system shall comply with the applicable standard requirements.

4.2 Management Commitment

Management shall:

e empower personnel with responsibility, authority, and provide sufficient resources to
implement and maintain an SPC system, and

e periodically review and document the status of the SPC system.
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4.3 SPC System Set Up

The manufacturer shall document and implement a plan for an SPC system.
The implementation plan shall contain regulations for the following topics:

e scope: delineate areas of the company to which the SPC system applies,
definition of the organizational unit being responsible for the SPC system (in this
standard called SPC Steering Committee (SSC),

task and responsibilities of the SSC,

training matrix for all user of SPC,

description of the SPC process,

System documentation requirements, and

Review and Audit of the SPC system.

5 Performing SPC

For information how to apply SPC for process characterization refer to JEP132. All process
chosen to be characterized by SPC shall be documented. Documentation shall contain:

e Process description, and
e Control plan containing all measurement systems needed for SPC.

5.1 Measurement Equipment Gage Characterization and Capability

All equipment used for SPC shall be in calibration. Characterization and capability studies of
test equipment and gages shall be performed to show variance, limitations and repeatability
of the measurement equipment. All studies shall be documented and substantiated by data.

5.1.1 Measurement system analysis (MSA)

Statistical studies shall be conducted to analyze the variation present in the results of each
type of measuring and test equipment system. This requirement shall apply to measurement
systems referenced in the control plan. The analytical methods and acceptance criteria used
shall conform to those in customer reference manuals on measurement systems analysis.
Other analytical methods and acceptance criteria may be used if approved by the customer.

5.1.2 Calibration/verification records

Records of the calibration/verification activity for all gages (measurement systems),
measuring and test equipment, needed to provide evidence of conformity of product to
determined requirements, shall include:

e equipment identification, including the measurement standard against which the
equipment is calibrated,

revisions following engineering changes,

any out-of-specification readings as received for calibration/verification,

an assessment of the impact of out-of-specification condition, and

statements of conformity to specification after calibration/verification.
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5.2 Characterize and classify SPC parameters

The manufacturer determines appropriate characteristics (SPC parameters) to be measured
for each process. Target values for each SPC parameter chosen shall be determined, with
variability about that value to be identified, quantified, and reduced if appropriate. These
steps may involve the use of various techniques (e.g., DOE, off-line data analysis, process
mapping, customer request, etc.).

Process characterization and capability studies shall describe the process limitations with
respect to the critical characteristics.

Process/product parameters for each process flow may change as process techniques,
equipment, or other pertinent factors change. In this case, another process capability study
may be required.

Parameters should be classified with respect to their criticality. For each class it should be
defined:

— how to react on out-of-control situations
— how to react on out-of spec situations

— how control limits are calculated

— Cpk-Target values

— how to report (internally and externally)

Data are documented in control charts. Different types of control charts are:

e Mean Value Chart
e Variation Value Chart
e Charts for individual values (1 data point per sample)

Basic uses are to determine whether a process has been operating in statistical control and
to aid in maintaining statistical control. For details see NIST/SEMATECH Engineering
Statistics Handbook (section 6.3) or AEC Q003.

Elements of a control chart are:

1) Time series
Typically, the process characteristics (e.g., sample mean, variance) are plotted

2) Center Line: CelL
The center line represents the mean or the median of the process distribution.

3) Control Limits
Upper Control Limit: UCL
Lower Control Limit: LCL

Control limits are calculated from process data and are usually represented as a line (or
lines) on a control chart. They are not to be confused with engineering specification limits.
Variation beyond a control limit may be evidence that special causes are affecting the
process.
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5.2 Characterize and classify SPC parameters (cont’'d)

The following section describes how to setup control limits for normal data for a mean value
chart and for a standard deviation chart:

Set up the first data base. The initial run has k samples (typically k=25) and in each sample
there are n data points measured. So for each sample the mean values M1,...,Mk and
standard deviations S1,..,Sk and their squares, the variances, S12,...,Sk? can be derived.
Finally the following process parameters can be calculated: MM the mean of mean values,
SM the standard deviation of the sample mean values, S the average variation within the
sample and ST the total variation of all individual data:

MM = (M1+...+Mk)/k

SM = standard deviation(M1,...,Mk)
S = square root( (S1%+...+Sk?)/k )
ST = standard deviation (raw data)

NOTE (M) the value of lot mean values is equal to the mean value of raw data values if the sample
size per lot is identical.

The respective parameters for the two types of control charts are:

1) For the mean values chart
LCL=MM - 3*SM
CelL.=MM
UCL=MM+3*SM

2) For the standard deviation chart
LCL=TL*S
CelL=S
UCL=TU*S

3) In case of small between-subgroup variance valid alternative control charts as
described in Annex C could be used.

TL and TU: See Annex A

The mean chart formula can be applied also in the special case n=1 individual values. An
example of a control chart calculation is given in Annex B.

N |- 4 30 = Q(99.865%)
lcel, R /\ — ;‘ >
VAR AR I e g
SN g —

LCL ~—4--- p— 30 =Q(0.135%)

Figure 1 — Example of control chart
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5.2 Characterize and classify SPC parameters (cont’'d)

It should be kept in mind that all formulas and definitions given in this section are based on
the assumption that the distributions are normal distributions. For skewed data other types of
charts like Pearson X-chart or Robust X-chart should be taken into account.

5.3 Process Capability

For each parameter the Cpk value shall be calculated. Different calculation methods shall be
applied depending on the data:

Normal data Cpk for normal data
— Log-normal data Cpk for log-normal data
— quantile Cpk for other data

In 5.3.1 the JEDEC definition of Cpk is given. In case other definitions (e.g., ISO/TS16949)
are used it should be specified when reporting.

5.3.1 Normal or log-normal data Cpk

For two sided specification limits (see also EIA 738)

(1) Cp=(USL - LSL)/6ST
(2) Cp=(MM —LSL)/3ST
(3) Cpu = (USL - MM) / 3ST
(4) Cox=min (Cpy, Cpi )

With

USL upper specification limit, use log values for log-normal data

LSL lower specification limit, use log values for log-normal data

This formula assumes a symmetric specification interval, which means, that Cpk is optimal if
MM is equal to (USL + LSL)/2.

In case the target value is not identical with (USL + LSL)/2 use C,r, values:

(5) Cpm = (USL — LSL) / 6SMm
(6) SMm= square-root (ST*+(MM-target)?)

5.3.2 Quantile Cpk

If data are not normal or log-normal, then a Cpk method based on the empirical quantiles can
be used.

(7) Cpl = (Qso% — LSL) / (Qs0% - Q 0.135% )
(8) Cpu = (USL - Qs0%) / (Qog.865% - Qs0% )
(9) Cox =min (Cpy, Cpi )

with Qne, being the n% empirical quantile.

NOTE This method is stable only if samples are big enough (typ n > 1000)
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5.3.3 Control limits

In addition to the specification limits, control limits should be used to define when measures
or reactions are needed. The control limits shall be reviewed periodically.

54 Setup per SPC Parameter

A system of statistical control procedures shall be implemented for each SPC parameter. As
a minimum, the control system documentation shall include:

¢ The control techniques used for each characteristic: Depending on the classification
online or offline techniques should be applied. Care should be taken to ensure that
appropriate control techniques are used for normal and nonnormal distributions.

e Control chart design covering data to be plotted (e.g., sample mean, variance, center
line, upper and lower control limits)

¢ A definition of out-of-control conditions (for example of rules, see Western Electric Rules).
The out-of-control definition shall address the following situations:
a. Data points that lie outside the statistical control limits,

b. Data points that show significant changes, runs, trends or patterns within the statistical
control limits.

NOTE Decisions on which out-of-control signals to use in this case are determined by the
manufacturer and may be based on criteria such as process capability, false alarm rates versus
the cost of running out-of-control.

e The procedures for recording pertinent facts.
Out-of-control situations shall be documented.

e The procedures (e.g., out of control corrective action plan) to search for assignable
causes, implement corrective actions and conduct failure analysis including appropriate
actions to be taken by inspectors, operators, supervisors, and engineers.

Out-of-control situations should be investigated and the root causes identified,
documented, and corrective actions implemented as warranted. Corrective actions
should be evaluated for timeliness and effectiveness in order to prevent out-of-control
conditions from recurring.

e The procedures for establishing and adjusting statistical control limits, sample size and
frequency.

Statistical control limits should be adjusted when the process has been changed and not
routinely as a result of shifts/trends without assignable causes. The objective is to use
online/real-time techniques to verify that the process is in control.

The appropriate control methods shall be identified according to the criticality classification
(see 5.2)

5.5 Training

There shall be adequate and appropriate training to support the SPC system. Training shall
be tailored to individual functions and responsibilities within the organization and shall
include all techniques utilized. For example, the training program shall provide necessary
training to management, engineering/technical personnel, production supervisors/operators,
and support personnel.
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5.6 Supplier SPC Systems

The SPC methods that suppliers are encouraged to use should be consistent with this
standard. The system may vary based on the complexity of the supplier's materials and
components, criticality to the manufacturer's processes, and resources of the supplier.

5.7 Calibration

Any instrument used to monitor critical characteristics shall be calibrated in accordance with
military standards, industry standards, or equivalent international standards (e.g., ANSUASQ
M1, IS0 10012, etc.).

5.8 Self-Audit

The manufacturer shall establish an independent, self-audit program to assess the
effectiveness of the SPC system. Any deficiencies identified by the audit shall be directed to
the appropriate individual(s), assigned the functional responsibility for the specific corrective
action(s). All deficiencies shall be documented and a follow-up procedure used to ensure the
corrective actions are implemented in a timely manner.

A self audit of the SPC system shall be conducted once a year, at a minimum. The audit can
be done as part of a first-party audit of the Quality Management System.
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Annex A (informative) Control chart constants TL and TU as a function of sample size n

n TL TU
2 0.002 3.205
3 0.037 2.571
4 0.100 2.283
5 0.163 2.110
6 0.218 1.991
7 0.266 1.903
8 0.306 1.835
9 0.341 1.780
10 0.371 1.735
11 0.398 1.697
12 0.422 1.664
13 0.443 1.635
14 0.461 1.609
15 0.479 1.587
16 0.494 1.566
17 0.508 1.548
18 0.522 1.531
19 0.534 1.516
20 0.545 1.502
30 0.625 1.405
40 0.674 1.348
50 0.708 1.310
60 0.732 1.282
70 0.752 1.260
80 0.768 1.243
90 0.781 1.229
100 0.792 1.217
500 0.906 1.096
1000 0.933 1.068
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Annex B (informative) SPC Example

A hypothetical example is given with 25 lots (sample i) of 5 data points each.

The mean value and standard deviation is given in the last two columns.

sample

i Data Mi Si

1 20.10 20.37 20.34 20.88 20.73 | 20.48 0.32
2 19.57 19.86 20.23 2022 19.83 | 19.94 0.28
3 20.25 20.26 20.17 19.93 20.53 | 20.23 0.21
4 1942 19.24 1955 1937 19.19 | 19.35 0.14
5 19.64 19.91 19.70 19.87 19.77 | 19.78 0.11
6 2048 1997 1995 20.30 19.66 | 20.07 0.32
7 2045 20.76 21.28 20.73 20.50 | 20.74 0.33
8 2045 20.16 20.02 2058 20.56 | 20.36 0.25
9 20.36  19.69 20.00 19.96 19.87 | 19.97 0.24
10 20.67 2043 2020 20.32 19.87 | 20.30 0.30
11 20.12 20.21 20.32 2040 20.47 | 20.30 0.14
12 2041 2014 1997 2022 19.99 | 20.15 0.18
13 20.31 2012 20.32 19.91 20.61 | 20.25 0.26
14 20.03 20.28 2042 20.36 20.33 | 20.28 0.15
15 19.76 2053 20.17 19.93 19.50 | 19.98 0.40
16 1949 1963 1929 19.83 19.92 | 19.63 0.25
17 20.70 2047 2022 2097 21.02 | 20.68 0.34
18 20.33 19.70 19.94 20.04 19.71 19.94 0.26
19 1945 1982 19.38 18.78 19.16 | 19.32 0.39
20 20.24 1990 1980 19.65 20.07 | 19.93 0.23
21 20.08 20.09 20.17 20.36 20.45 | 20.23 0.17
22 19.22 1958 19.75 1940 19.57 | 19.51 0.20
23 19.36  19.22 19.57 19.81 19.48 | 1949 0.22
24 20.27 2040 2043 20.33 20.56 | 20.40 0.11
25 19.89 20.11 20.38 20.07 20.33 | 20.16 0.20

Mi: Mean of sample i
Si: Sigma of sample i
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Annex B (informative) SPC Example (cont’d)

Using the formulas of section 5.2 the following parameters have been calculated:

Statistics
MM =
SM=

S=

ST=

Mean values chart

LCL=
Cel=
UCL=

Standard deviation

chart
LCL
CelL
UCL

Process
Capability
LSL=
USL=

Cp=

Cpl=

Cpu=
Cpk=

20.06
0.38
0.25
0.44

18.91
20.06
21.21

0.04
0.25
0.53

capability

18.00
22.00
1.52
1.56
0.87
0.87

Mean of mean values

Standard deviation of sample mean values
Average variation within samples

Total variation of all data points

Lower control limit
Center line
Upper control limit

Lower control limit
Center line
Upper control limit

according formulas in section 5.3.1

Lower specification limit

Upper specification limit

Process capability

Process capability wrt. lower specification limit
Process capability wrt. upper specification limit
Process capability index
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Annex C (informative) Alternative Control Charts

1) The X-bar Chart control limit formula that uses a sample standard deviation of X-bar's;
i.e., 'SM = standard deviation (M1, ... , MK)' in section 5.2, instead of the estimated within-
subgroup process standard deviation; i.e., s-bar/c4 for X-bar s Chart, is preferred
because it also covers the between-subgroup variance. For small between-subgroup
variance a valid alternative method is to use:

s-bar= (S1+...+Sk)/k

c4: correction factor (see NIST Handbook of Statistical Methods, 6.3.2)

Example based on the data of Annex B:

Mean values chart according to Annex C 1)

Sbar 0.24

LCL= 19.72

CelL= 20.06

UCL= 20.40

Mean values chart Mean values chart according ta Annex C 1)
22,00 2200

2150 2150

2100 2100

- et
v Ve

1350

13.00

1350

1a.00

Figure C.1 — Mean value chart calculated with formulas in 5.2 (left) and C1 (right).

2) The s Chart control chart limits, TL and TU, and the centerline are calculated with a
square root of within-subgroup variance average as in 'S = square root ((S1%+ ... +Sk?)/k).
Alternatively they could also be calculated using s-bar with above definition and
corresponding correction factor.

Example based on the data of Annex B:

Standard deviation chart according to Annex C 2)
LCL 0.00

CeL 0.24

UCL 0.50
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Annex C (informative) Alternative Control Charts (cont’'d)

Sitanard deviation chart Sitanard deviation chart accarding to Annex C 2]

060

050

0,40

0.30

020

0,10

0,00

050

050

040

030

0,20

0,10

T T T T T 1 0,00 T T T T y 1
o 3 o 13 20 23 30 [ 3 10 15 20 23 30

Figure C.2 — Standard deviation chart calculated with formulas in 5.2 (left) and C2

(right).

3) Another control Chart for mean values is the X-bar R Chart using the within-subgroup

process standard deviation: R-bar/d2

R-bar= (R1+...+Rk)/k
d2: correction factor (see NIST Handbook of Statistical Methods, 6.3.2)

However this also does not cover the between-subgroup variance.
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Annex D (informative) Alternative for Quantile Cpk

1) Cp = (Qso%— LSL) / ( Qsos - Qo.5% )*3/2.58
2) Cpu = (USL - Qs0%) / ((Qeg.5% - Qso, )*3/2.58

with Qno, being the n% empirical quantil.
The proposed method uses the 0:5%, 50% and 99:5% quantiles. Under the normal

distribution an interval of +2.580 is generated. To obtain an interval of £30, insert a
correction factor (3/2.58) to extrapolate along the normal distribution.



JEDEC Standard No. 557C
Page 17

Annex E (informative) Related books

ASQ STATISTICS DIVISION, Glossary & Tables for Statistical Quality Control, ASQ,
Milwaukee, WI, 1983.

BATTAGLIA, GLENN J. & JAMES M. MAYNARD, Mean Square Error, A Useful Tool for
Statistical Process Management, AMP Journal of Technology, Vol. 2, Nov. 1992, pp. 46-55.

BERGER, RODGER & THOMAS HART, Statistical Process Control: A Guide for
Implementation, ASQ, Milwaukee, WI, 1986.

BESTERFIELD, D. H., Quality Control: A Practical Approach, Prentice-Hall, Englewood
Cliffs, NJ, 1990.

BOX, GEORGE E. P., WILLIAM G. HUNTER & STUART J. HUNTER, Statistics for
Experimenters, John Wiley 7 Sons, Inc. New York, 1978.

CHARBONNEAU, HARVEY C. & GORDON L. WEBSTER, Industrial Quality Control,
Prentice-Hall, Inc, Englewood Cliffs, NJ, 1978.

CROW, EDWIN L., FRANCIS A. DAVIS & MARGARET W. MAXFIELD, Statistics Manual,
Dover Publications, Inc. New York, 1960.

DATAMYTE CORP., Datamyte Handbook, Datamyte Corporation, Minnesota, 1992.

DEMING, W. EDWARDS, Out of the Crisis, Massachusetts Institute of Technology, Center
for Advanced Engineering Study, Cambridge, MA, 1986.

DEMING, W. EDWARDS, Quality Productivity and Competitive Position, Massachusetts
Institute of Technology, Center for Advanced Engineering Study, Cambridge, MA, 1982.

DODGE, HAROLD & HARRY ROMIG, Sampling Inspection Tables, John Wiley & Sons, Inc.,
New York.

DUNCAN, ACHESON J., Quality Control and Industrial Statistics, Richard D. Irwin, Inc.,
1986.

ELLIOTT, DAVID, Integrated Circuit Fabrication Technology, McGraw-Hill, New York, 1985.

FORD MOTOR COMPANY, Continuing Process Control and Process Capability
Improvement, Statistical Methods Office, Ford Motor Company, Dearborn, MI, 1987.

GRANT, EUGENE L. & RICHARD S. LEAVENWORTH, Statistical Quality Control, McGraw-
Hill, New York, 1988.

GUNTER, BERTON H., 'The Use and Abuse of Cpk Revisited", "Statistics Corner" column of
Quality Progress: January 1991, vol. XXIV, no. 1, pp. 90-94.

HAYES, GLENN, Quality Assurance: Management and Technology, Charger Productions,
Capistran0 Beach, CA, 1974.

ISHIKAWA, KAORU, Guide to Quality Control, Asian Production Organization, Revised
Edition, 1986.

JURAN, J.M., FRANK M. GRYNA, JR. & R.S. BINGHAM, JR., Quality Control Handbook,
McGraw-Hill, New York, 1988.

KANE, VICTOR, Process Capability Indices, Journal of Quality Technology, Volume 18,
Number 1, pp. 44-52, ASQ, January 1986.

Correction, October 1986, volume 18, number 4, p. 265.

KEVENKO, KENNETH, Quality Control for Management, Prentice-Hall, Englewood Cliffs,
NJ, 1984.
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Annex E (informative) Related books (cont’'d)

KING, JAMES, Probability Charts for Decision Making, Industrial Press, Inc., New York,
1971.

KOTZ, SAMUEL & NORMAN L. JOHNSON, Encyclopedia of Statistical Sciences, John
Wiley, Inc, New York, 1982.

ODEH, ROBERT E. & D.B. OWEN, Parts Per Million Values for Estimating Quality Levels,
Marcel Dekker, Inc., New York and Basel, 1988.

OTT, ELLIS R., Process Quality Control, McGraw-Hill, New York, 1975.

SCHERKENBACH, WILLIAM W., The Deming Route to Quality and Productivity: Roadmaps
and Roadblocks, Cypress Books, Washington, D.C., 1991.

SCHILLING, EDWARD, Acceptance Sampling in Quality Control, Marcel Decker, Inc., New
York, 1982.

SHONBERGER, RICHARD, Japanese Manufacturing Techniques, The Free Press, New
York, 1982.

SHEWHART, WALTER A., Economic Control of Quality of Manufactured Product, Van
Nostrand, Co., Inc., New York, 1931; Republished ASQ, 1980.

SHEWHART, WALTER A., From the Viewpoint of Quality Control, Dover Publications, Inc.,
New York, 1986.

TAGUCHI, GENICHI, Introduction to Quality Engineering, Asian Productivity Organization,
Unipub-Kraus International Publications, White Plains, New York, 1986.

VAUGHN, RICHARD C., Introduction to Industrial Engineering, lowa State University Press,
Ames, lowa, 1967.

WALPOLE, RONALD E., & RAYMOND H. MYERS, Probability and Statistics for Engineers
and Scientists, Macmillan, New York, 1985.

WETHERILL, BARRIE, Sampling Inspection and Quality Control, Chapman and Hall, New
York, 1977.

WHEELER, DONALD, & DAVID S. CHAMBERS, Understanding Statistical Process Control,
Statistical Process Controls, Inc., Knoxville, TN, 1986.

WESTERN ELECTRIC COMPANY, INC., Statistical Quality Control Handbook, Delmar
Printing Co., Charlotte, NC, 1982.
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Annex F (informative) Related guidelines and standards

EIA-738 Guideline on the Use and Application of Cpk

IPC-9191 General Guidelines for Implementation of Statistical Process Control
(SPC)

NIST/SEMATECH Engineering Statistics Handbook

AEC Q003 Guidelines for Characterizing the Electrical Performance of Integrated
Circuit Products

WER Western Electric Company (1956), Statistical Quality Control handbook

ISO/TS 16949 Particular requirements for the application of ISO 9001:2008 for
automotive production and relevant service part organizations

MIL-HDBK-683 Statistical Process Control (SPC) Implementation and Evaluation Aid
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Annex G (informative) Other terms and definitions related to SPC

accuracy: The difference between the sample estimate and the population parameter being
estimated.

attribute data: Data that result from counting items or classifying items into distinct
nonoverlapping categories.

binomial distribution; Bernoulli distribution: A specific discrete probability distribution for
attributes data.

cause-and-effect diagram: A tool for individual or group problem-solving that uses a
graphic description of the various process elements to analyze potential sources of process
variation.

NOTE This tool is also called a “fishbone diagram” (after its appearance) or “Ishikawa diagram” (after
its developer).

centerline: A reference line on a control chart about which the chart points are expected to
cluster in the absence of a special cause.

NOTE A centerline is usually set at the average, median, or mode of the points being plotted or (for a
tunable process) at an achievable target value (to detect deviations from the value thought most
desirable).

checklist: A simplified listing of the specified criteria that may be checked off during an audit
or inspection.

check sheet: A form for data collection.
control loop: A corrective action system based on a feedback procedure.

cusum chart: A statistical process control (SPC) chart in which cumulative deviation from a
target is plotted.

discrepant material: Material that does not conform to specifications.
NOTE See also “nonconforming unit”.

exponential distribution; Poisson distribution: A specific discrete probability distribution
often applied to attributes data.

exponentially weighted moving average (EWMA) chart: A statistical process control
(SPC) chart based on weights assigned to past observations.
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Annex G (informative) Other terms and definitions related to SPC (cont’'d)

failure mode and effect analysis (FMEA): A systematized group of activities intended to
recognize, evaluate, and prioritize the potential failure modes of a product or process and the
effects of a failure, and then to identify actions that could reduce the probability of occurrence
of each failure mode, listed in the order of seriousness of a potential failure in the customer’s
application.

NOTE 1 The FMEA provides a structured analysis in order to assess the probability of occurrence of
a failure from the failure mode as well as the effect of the failure.

NOTE 2 A fully developed FMEA is continuously maintained and updated to reflect the latest actions
and changes to the design or process.

histogram: A graph obtained by dividing the range of the data set into equal intervals and plotting the
number of data points in each interval against the interval number.

inspection: The assessment of a characteristic and its comparison to a standard.

NOTE Examples of inspections include low-temperature electrical tests, room-temperature tests, and
visual inspection.

location: The typical value or central tendency of a distribution.

long-term capability: The process capability under normal operating conditions over an
extended period of time.

mode: The most frequently occurring value in a group of measurements—a measure of
location.

nonconforming: Not conforming to specification(s), procedures, or requirements.
nonconforming unit: A unit that does not conform to a specification.

NOTE See also “discrepant material”.

nonconformity: A specific occurrence of a condition that does not conform to specification.

NOTE 1 Such an occurrence is sometimes called a discrepancy.

NOTE 2 See also “nonconformance”.

Pareto analysis: A technique for problem-solving in which all potential problem areas or
sources of variation are ranked according to their contribution.

precision: The degree of refinement with which an operation is performed or a
measurement is stated; e.g., the number of significant digits defining a number.

probability distribution: A collection of all possible outcomes of a random event, together
with their respective probabilities.

probability distribution function: A mathematical representation of a probability
distribution.

problem solving: The process of moving from effects to causes (special or common) to
actions that improve performance.
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Annex G (informative) Other terms and definitions related to SPC (cont’'d)

process average: The location of the distribution of measured values of a particular
process characteristic.

process spread: The extent to which the individual values of a process characteristic vary.
product performance: The totality of the capability of characteristics of a product.

guality function deployment (QFD): A technique for analysis of the interrelationships
between different requirements.

randomness: A condition in which individual values are not predictable, although they may
come from a definable distribution.

random sample: A set of individuals taken from a population in such a way that each
possible individual has an equal chance of being selected.

range: The difference between the maximum and minimum values—a measure of spread.

repeatability: The natural variation in measurements taken by a single person and
instrument on the same item and under the same conditions.

run chart: A time-ordered graphic representation of a characteristic of a process showing
plotted values of some statistic gathered from the process and a central line that can be
analyzed for runs.

scatter diagram: A graph of the value of one characteristic versus another characteristic.

shape: A general concept for the overall pattern formed by a distribution of values.

short-term capability: The process capability under controlled conditions over a brief
period of time.

stability: The absence of special causes of variation—the property of being in statistical
control.

stable process: A process that is in statistical control.

variables data: A measure of a characteristic for which every value within a given interval is
possible.

yield: The ratio of the number of units that pass some inspection criteria to the number
submitted.
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