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INTERNATIONAL ELECTROTECHNICAL COMMISSION

QUALITY ASSESSMENT SYSTEMS -

Part 2: Selection and use of sampling plans
for inspection of electronic components and packages

FOREWORD

The Injternational Electrotechnical Commission (IEC) is a worldwide organization for standardization c
all ndtional electrotechnical committees (IEC National Committees). The object of IEC is\ to
internptional co-operation on all questions concerning standardization in the electrical and ele€tronic
this ehd and in addition to other activities, IEC publishes International Standards, Technical. Sped
Technjical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to
Publidation(s)”). Their preparation is entrusted to technical committees; any IEC National.Committee

in thg subject dealt with may participate in this preparatory work. International,{_governmental

goverpmental organizations liaising with the IEC also participate in this preparation\IEC collaborat

pmprising
promote
fields. To
ifications,
as “IEC
nterested
and non-
bs closely

with the International Organization for Standardization (ISO) in accordance with*conditions determined by

agreenent between the two organizations.

The fdrmal decisions or agreements of IEC on technical matters express, as.nearly as possible, an int
consehsus of opinion on the relevant subjects since each technical committee has representatiof
interested IEC National Committees.

ublications have the form of recommendations for internatienal use and are accepted by IEQ
ittees in that sense. While all reasonable efforts are made.to ensure that the technical contd
tions is accurate, IEC cannot be held responsible for{the way in which they are used o
misinterpretation by any end user.

In order to promote international uniformity, IEC National* Committees undertake to apply IEC Pu
transparently to the maximum extent possible in their~national and regional publications. Any d
betwegn any IEC Publication and the corresponding national or regional publication shall be clearly in
the lafter.

IEC provides no marking procedure to indicate” its approval and cannot be rendered responsibl
equipment declared to be in conformity with-an IEC Publication.

All usgrs should ensure that they have the latest edition of this publication.
No liapility shall attach to IEC or its\directors, employees, servants or agents including individual eX

es arising out of the_publication, use of, or reliance upon, this IEC Publication or any
Publigations.

Attentjon is drawn to the_Normative references cited in this publication. Use of the referenced publi
indispensable for the_coarrect application of this publication.

Attentjon is drawn<to the possibility that some of the elements of this IEC Publication may be the
paten{ rights. lEC shall not be held responsible for identifying any or all such patent rights.

Internatjopal-Standard IEC 61193-2 has been prepared by IEC technical commi
Electrornicsvassembly technology.

Prnational
from all

National
nt of IEC
r for any

blications
vergence
dicated in

e for any
perts and
amage or

ees) and
bther IEC

cations is

bubject of

tee 91:

The text of this standard is based on the following documents:

FDIS Report on voting
91/690/FDIS 91/723/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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A list of all the parts in the IEC 61193 series, under the general title Quality assessment
systems, can be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in
the data related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or
*+ amended.

A bilingtial version of this publication may be issued at a later date.
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INTRODUCTION

To obtain a high quality level of products, process controls like 100 % testing of significant
characteristics and statistical methods are needed to stabilize, monitor, and improve
processes.

Sampling inspection is one of the methods to verify

e whether the process control is effective, and

e the quality level of a supplier’s product by a customer or third party.

Today the qllalify level of products for use in electric and electronic equipment is expected to
be equdl or close to zero defects. But, the assessment of a quality level close to zero|defects
by sampling only would lead to an unreasonable increase of cost for inspegtion. A
combination of process control and zero acceptance number sampling plans is indispepsable.

This stpndard provides a sampling system and plans for the inspéection of electronic
components, packages and modules, manufactured under suitable process contro|, which
prevents the outflow of nonconforming products.

NOTE The sampling system provided by this standard is extracted from 1SO,2859-1, and is intended t¢ be used
for the ingpection of final products, either by the manufacturer, a customer, or a third party.
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QUALITY ASSESSMENT SYSTEMS -

Part 2: Selection and use of sampling plans
for inspection of electronic components and packages

1 Scope

This part of IEC 61193 applies to the inspection of electronic components, packages, and also
module%1 (referred to as “products” In this standard) for use in electronic and |electric

equipment. It specifies sampling plans for inspection by attributes on the assumption [that the
acceptance number is zero (Ac = 0), including criteria for sample selection and procedures.

The zerp acceptance number sampling plans provided by this standard apply to the ingpection
of produicts, that are manufactured under suitable process control withrhe target of @ “zero-
defect” fluality level before sampling inspection.

In addit|on, this standard provides a method for the calculation‘of the expected valuge of the
statisticpl verified quality limit (SVQL) at a confidence level 'of 60 %. Amongst othef things,
this mefhod can be used to verify the effectiveness of the supplier’s process control.

NOTE Ir] this standard the term “module” is used for products_which are modules according to the ddfinition in
IEC 60194

2 Normative references

The follpwing referenced documents are\indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the lates} edition
of the referenced document (including ‘any amendments) applies.

IEC 60194: Printed board design) manufacture and assembly — Terms and definitions

ISO 28p9-1:1999, Sampling procedures for inspection by attributes — Part 1: Sampling
schemels indexed by acceptance quality limit (AQL) for lot-by-lot inspection

ISO 3534-2:20065Statistics — Vocabulary and symbols — Part 2: Applied statistics

3 Temm$s and definitions

For the purposes of this document, the terms and definitions given in IEC 60194, ISO 2859-1
and ISO 3534-2, as well as the following, apply.

3.1

electronic component

individual component which includes electronic, optoelectronic and/or micro-electro-
mechanical systems (MEMS) element

3.2

electronic package

individual electronic element or elements in a container which protects the contents to assure
the reliability and provides terminals to interconnect the container to an outer circuit
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3.3

electronic module

functional block which contains individual electronic elements and /or electronic packages, to
be used in a next level assembly

3.4

inspection level

IL

level to define sample size for lot size

NOTE Sample size of lots depends on the severity of inspection level.

3.5
noncor]forming item
item with one or more nonconformities

NOTE A|nonconforming item is a product which cannot satisfy the requirement (visual examihation or|electrical
performarjce, etc.) in the lot-by-lot inspection or periodic test, etc.

3.6
structufally similar products
product$ manufactured by the same manufacturer with the same materials, manufacturing
processes and methods

NOTE Hroducts are structurally similar, even when there are difféerences e.g. in case size and ratgd values.
Results flom designated tests conducted on items of one lot of these ‘products can be accumulated with|results of
other lots|in the same group of structural similarity.

4 Sampling system

The prdcedure and sampling plans described in this clause are based on an acceptance
number|zero (Ac = 0).

4.1 Flormation and identificationof lots
The prdducts shall be assembled into identifiable lots or sub-lots. Each lot shall, ap far as

practicaple, consist of itém$ of a single type, grade, class, size and composition,
manufag¢tured under uniform conditions at essentially the same time.

4.2 Drawing of samples
4.2.1 Selection of sample items

The itens selected for the sample shall be drawn from the lot by simple random slampling
(see 3.Wﬂ@iﬁed by

some rational criterion, stratified sampling shall be used in such a way that the size of the
subsample from each sublot or stratum is proportional to the size of that sublot or stratum.

4.2.2 Process of sampling

Samples may be drawn after the lot has been produced, or during production of the lot.

4.3 Sampling plans
4.3.1 Inspection level

The inspection level designates the relative severity of inspection. Three inspection levels, I,
Il 'and Ill, are given for general use. Unless otherwise specified, level Il shall be used. Level |
may be used when less discrimination is needed or level Ill when greater discrimination is
required. Four additional special levels, S-1, S-2, S-3 and S-4 may be used where relatively
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small sizes are necessary and larger sampling risks can be tolerated, such as destructive
inspection or valuable products.

The inspection level shall be specified in accordance with the detail specification or an
agreement with a supplier and a user.

4.3.2

Sampling plan for normal inspection

Unless otherwise specified in the detail specification, single sampling plans for normal
inspection according to Table 1 of this standard shall be applied (see also Annex B).

NOTE Table 1 is adapted from ISO 2859-1.

Table 1 — Sample size

A . General inspection
Lot size Special inspection levels l6véls

S-1 S-2 S-3 S-4 I II 111

2to 8 2 2 2 2 2 2 3

9to 15 2 2 2 2 2 3 5

16 to 25 2 2 3 3 3 5 8

26 to 50 2 3 3 5 5 8 13

51to 90 3 3 5 5 5 13 20

91 to 150 3 3 5 8 8 20 32

151 to 280 3 5 8 13 13 32 50

281 to 500 3 5 8 13 20 50 8(
501 to 1 200 5 5 13 20 32 80 129
1201 to 3200 5 8 13 32 50 125 200
3201 to 10 000 5 8 20 32 80 200 319
10 001 to 35 000 5 8 20 50 125 315 500
35 001 to 150 000 8 13 32 80 200 500 800
1%0 001 to 500 000 8 13 32 80 315 800 12%0
= 500 001 8 13 50 125 500 1250 | 2000

4.3.3

The acg

4.3.4

When ti
the app

Acceptance number

eptance number (Ac) shall be zero and the rejection number (Re) shall be 1.

Tightened or reduced inspection

ghtenied inspection or reduced inspection is applied, Table 2 shall be used t
icable code letter for the particular lot size and the prescribed inspection le

b select
vel (see

1S 29060 41 T4
ZOOJ

ble 2-B

ISO 28 EQ A1 Taoabla 1) Thaoan camnls cion chall ha Aatarmnin A fr s
I, oot T et SarttprC Sz C oA o Ot tCT i C O T O 1O

1T

(tightened inspection) or Table 2—C (reduced inspection) by the corresponding sample size
code letter.
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Table 2 — Sample size code letters

L . General inspection

Lot size Special inspection levels levels
S-1 S-2 S-3 S-4 1 11 11T
2to 8 A A A A A A B
9to 15 A A A A A B C
16 to 25 A A B B B C D
26 to 50 A B B C C D E
51 to 90 B B C C C E F
91 to 150 B B C D D F G
154+t—286 B G B E E G H
281 to 500 B C D E F H J
501 to 1 200 C C E F G J K
1201 to 3200 C D E G H K L
3201 to 10 000 C D F G J L M
10 001 to 35 000 C D F H K M N
35 001 to 150 000 D E G J L N P
150 001 to 500 000 D E G J M P Q
= 500 001 D E H K N Q R

5 Acc¢eptance and rejection

5.1  Acceptability criteria

The lot ghall be accepted only if no nonconforniing items are found upon inspection agcording
to Clauge 4.

5.2 isposition of rejected lots

The resjponsible authority of thexmanufacturer shall decide how the rejected lots should be
disposed. Such lots may be, sefapped, sorted (with or without nonconforming items being
replaced), reworked, re-evaluated against more specific usability criteria, or held for additional
information, etc.

When t:l:e inspectioniresults are used to calculate the statistical verified quality limit|(SVQL)
according to Clause 6, the complete sample shall be inspected to obtain correct si{atistical
data.

NOTE Nonconforming lots indicate weak points in process control. The cause of nonconformities g$hould be

determinéd-and-appropriate-correstive—action-implemented-

6 Statistical verified quality limit (SVQL)

6.1 General

The observation of zero nonconformities in a sample does not imply that the population has
no nonconformities. The following method describes how to estimate the average production
quality with a certain statistical probability (confidence level).

NOTE Though SVQL is calculated by accumulating the inspection results, including rejected lots, these rejected
lots including nonconforming items in sample are not shipped. Thus the defect rate perceived by a customer is far
below the values calculated as statistical verified quality limit.

Verification of the outgoing quality in nonconforming items per million (x10-6) to customers is
hard to be obtained by sampling inspection of single lots. For that reason the quality level
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needs to be demonstrated for a series of outgoing products by using accumulated lot-by-lot
sampling inspection data.

This statistical verified quality limit (SVQL) in nonconforming items per million (x1076) is
applicable primarily to mass-manufacturing products. It shall be calculated by accumulating
inspection data for a multiple number of lots of structurally similar products.

When accumulating the inspection results of lots, the inspection results of a sufficient number
of lots (at least three lots) shall be accumulated. For accumulation data of all inspected lots,
including rejected lots, shall be used.

The ins

ection results may be accumulated

e ovel
e ovel
e upt
e any

6.2 C

The sta
use of t

SVaL (x

a certain period of time, or
a certain number of lots or shipments, or
b a certain number of nonconforming items, or

other method agreed between supplier and customer.
alculation of the SVQL

istical verified quality level in nonconforming items per million (x10-%) is calcu
ne following equation:

Accumulated number of noneconforming items
107°) = Coefficient C| x x 10°
Accumulated‘sample size

ated by

where, ¢oefficient C| stands for the coefficient of applicable statistical confidence leve|.
Table 3|gives the coefficients for the widely use confidence level 60 %.
Table 3 — Coefficients for confidence level 60 % (see also A.5)
Accum Jlateq nu_mber of 8 1 2 3 4 5 6 7 8 9 10
noncorfforming items
Coeffidient (0;916)% | 2,02 | 1,55 | 1,39 | 1,31 1,26 (1,22 1,20 | 1,18 | 1,16/ | 1,15
NOTE | When the aceumulated number of nonconforming items exceeds 10, the correct coefficient may| be
calculated by Poisson.distribution function (see Annex A) or it may be calculated as described in Claus¢ A.4.

@ Whgq
accum

n the aceumulated number of nonconforming items is zero, 0,916 is used as value for “coefficier
ilated-number of nonconforming items”.



https://iecnorm.com/api/?name=b80aa8612890ef8726f1a925237facda

61193-2 © IEC:2007(E) —11-

Annex A
(informative)

Estimation of the statistical verified quality limit (SVQL) in nonconforming
items per million (x10-6) at a confidence limit 60 %

This Annex describes a procedure to estimate the expected value of the statistical verified
quality limit in nonconforming items per million (x10-6) with a confidence limit of 60 %.

A1 IJEstimation of statistical verified quality limit

In orden to gather the data needed to select the respective SVQL values from,Table A.1, the
supplienl shall accumulate the results for a sufficient number of lots (at.least three|lots) of
structurglly similar products, from all lots inspected including rejected lots:

The respective SVQL value can be obtained from Table A.1 by one of the following medthods:

a) Detgrmine SVQL from accumulated sample inspection results

Selgct the row with the nearest accumulated sampl€, size (n), go right to the|column
showing the accumulated number of nonconformingfitems and read the respective SVQL
valug from the column header.

b) Detgrmine minimum accumulated sample size for a given SVQL and number of
nongonforming items

Seldct the required SVQL, go down this,celumn to the first row showing the nu?!nber of
nong¢onforming items found, go leftsin this row and read the minimum value for
accymulated sample size from the row header, which is needed to determine the SVQL
with|a confidence level of 60 %.

EXAMPLE To confirm an SVQL of 10X 10'6), the minimum accumulated sample size is 140 000, prpvided no
nonconfofming items occur.

A.2 Inspection lot

Lots fon inspection.shall be sampled continuously. In the initial stage, however, if the lots
sampled continuously are too small, the manufacturer may increase the accumulated|{number
of inspdcted items by increasing the sample size, taking the balance between time Ipss and
economjy inte ‘account.

A.3 Data accumulation

All results, including those of rejected lots, shall be accumulated. However, the results of re-
inspected lots shall be omitted in order to avoid redundant calculation.

A.4 Measures to be taken when the accumulated number of nonconforming
items exceeds 10

When the accumulated number of nonconforming items exceeds 10, and an eleventh
nonconforming item is found, the supplier shall discard inspection data for the lot in which the
first nonconforming item was found (i.e. the oldest inspection data in which nonconforming
item was found) and all previous data, in order to make the accumulated number of
nonconforming items to be equal or less than 10.
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Subsequently, the supplier shall define a new outgoing quality level based on the new
accumulated number of inspected items and accumulated number of nonconforming items.

Table A.1 — Statistical verified quality limits in nonconforming items per million (x10-6)

SVQL by accumulated number of nonconforming items, confidence limit of 60 %

Accumulated| o915 | 0,1 | 0,065 | 0,04 | 0,025 | 0,015 | 0,01 |0,0065| 0,004 |0,0025|0,0015
sample size | o % % % % % % % % % %

nz 1500 | 1000 | 650 | 400 | 250 | 150 | 100 | 65 40 25 15
(x10°) | (x10°6) | (x10°8) | (x10°6) [ (x10°6) | (x10-6) | (x10°8) | (x10-®) | (x108) | (x106) | (x10°6)

1000
1500
2500
3 000
3 500
4 200
5 000
5500
6 000
6 500
7 000
7500
8 000
9 000
10 000
11 200
12 500
14 000
16 000
18 000
P0 000
P2 500
P5 000
P8 000
B1 500
B5 000
10 000
;5 000
b0 000
b6 000
b3 000
71 000
BO 000
PO 000
00 000
12 000
25 000
40 000
60 000
80 000
400 000
424 000
450 000
4

o

©|O|@(o|N|D|[OW]|W|N]—

-
o

Ol |N|N[o|O|Oa|™ (AR IWIN(N|=]O

-
o

OO N[O |A[WWW[INININ| === |O

-
o

o|o|~N|o|o|a|s|slwlwn|N]a = =m]a|a|ololo

-
o

OON(F| | A[D[R|W|W[IN[(N|=2]|==[=|O|0|(C|0|0|C

-
o

OO |N|O(|O|D|[WIWININ N = || (O|Oo|o|o|O

-
o

OO N[N |O|D[RWWIN(N|= |22 ]o|O0

-
o

O|O(N|O|N|B|B|WIWIN|N|[=|=|=2[~|O|o|0|O

-
o

OO (N[O |O|B[DR|WIWIN|IN|= |2~ |[O|lOo|o|o

80 000
150000
350,000
400 000
450 000
500 000
560 000
630 000
710 000
800 000
900 000
1000 000

-
o

O|ojN[o|O(|B[BR|W[WIN|IN|[~]- |~ |O|0|0|0|O

-
o

O N|O| T === ol e

-
o
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Table A.1 (continued)

SVQL by accumulated number of nonconforming items, confidence limit of 60 %
Accumulated

sample size

n> 0,001 |0,000 7|0,000 4(0,000 3/0,000 2|0,000 1| 7E-05 | 4E-05 | 3E-05 | 2E-05 | 1E-05
- % % % % % % % % % % %

10 6,5 4 2,5 1,5 1 065 | 04 | 0,25 | 0,15 | 0,1
(x107) [ (x10°) | (x1076) | (x1076) | (x1076) | (x1078) [ (x1076) | (x1076) | (x1076) | (x1076) | (x10°6)

112 000

125 000

140 000

160 000

80 000

00 000

24 000

50 000

80 000

15 000

50 000

00 000

50 000

60 000

30 000

/
4
900 000
q
q

10 000

00 000

00 000

OO N[O [WIW[ININ|= [~~~ O]Jo|o

000 000

120 000

-
o

250 000

400 000

OO N[O |O|BD|D(WWIN|N|(= || O|o|0|O

600 000

800 000

-
o

000 000

240 000

500 000

OO N[O |O|A[RWIWIN[(N|= |22 lO|0|0(o

800 000

150 000

-
o

000 000

ORIN|O (OB [BR[WIWIN(N[=a]=a |22 |O|0|0(O

500 000

000 000

-
o

600 000

300 000

OO (N[ |AWWIN|NIN|(= == [O|o|o|o|o

100 000

000 000

-
o

1
1
1
1
1
1
2
2
2
2
3
31500 000
4
4
5
5
6
7
8
9

000 000

o|lo|~N|o|o|s|s|w|w NN ]=|a = olo]d

10 000 000

11200 000

-
o

12500 000

14 000 000

OO|N[O|O|BD|D[WWININ | == |a|Ol0|0|O

14 000 000

OO T

18 000 000

-
o

20 000 000

224007000

250007000

OO N[O (O|O|A[AWIWININ|(= |2~ fO|lo|O|O

28 000 000

31 500 000

-
o

35 000 000

40 000 000

OO (N[O DR|W(WIN[IN| =22~ |—»|o|lo|o|o

45 000 000

D|A|N|B|WIWIN[ININ|[=a =2~ |O|lOo|0|O

50 000 000

-
o

A|B|W[WIN|IN|=

56 000 000

~

NOTE This table is based on Poisson distribution function and calculated from the values for
confidence limit of 60 % (see Clause A.5). More information can be found in Tables 1, 8 and 9 of MIL-
STD-690C.
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A.5 Method for calculation of the values in Table A.1

The figures in Table A.1 are calculated by use of the Poisson distribution function in the

following way: L(p) = Zc:e_"” (np) /r! ... [Poisson distribution]
r=0

The values of np are calculated from ¢ = 0 to 10 for a confidence limit of 60 %:

1-4=0,6,i.e. = L(p) = 0,40.

FableA2— " i Fmit-of-66-Y%-F
accumulated number of non-conforming items and
coefficient C

conforming items | " With confidence Coefficient
¢ limit of 60 % (nplc except ¢=-0)
0 0,916 0,916
1 2,02 2:02
2 3,11 1,55
3 4,18 1,39
4 5,24 1,31
5 6,29 1,26
6 7,35 1,22
7 8;39 1,20
8 943 118
9 10,48 1,16
10 11,52 1,15

The stafistical verified quality level is calculated from SVQL = np / accumulated sampple size
for eacH accumulated number of nonconformities.

Conseqpently, these ¢alculated values become approximately equal to the values| for the
SVQL in Table A.1.
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Annex B
(informative)

Relationship between this standard and ISO 2859-1

This annex describes the relationship between this standard and ISO 2859-1.

Table B.1 — Sampling plans corresponding to Table 2-A of ISO 2859-1

Sampl
size cofle
letter]

(]

Sample
size

Corresponding AQL

0,01

0,015

0,025

0,04

0,065

0,1

0,15

0,25

0,4 | 0,65

1,5

2,5

Ac Re

Ac Re

Ac Re

Ac Re

Ac Re

Ac Re|

Ac Re|Ac Re

Ac Re|

Ac Re|

Ac Re

Ac’'Re

Ac Re|

01

A¢ Re|Ac Re|Ac Re

0/1

01

0/1
0/1

01
01

01

80

01

0/1

0
01

01

125
200
315

0/1

0/1

0/1
0/1

0/1

an

500
800
1250
2000

TDOIUZErX«IOMMOO ®>
3]
o

01

01
01

01

01

01
01

01

0/1

NOTE 1 Numbers in Table B.1 show acceptance number (Ac) and rejection number (Re).
NOTE 4 Only one column of Table 2 of ISO 2859-1"in which acceptance/rejection is 0/1 is applied.

When this standard is applied to someone using the sampling plan of ISO 2859-1, the same
inspectipn level and sample'size can be used. In this case, since only one column of|Table 2
of ISO R859-1 in which(Ac/Re is 0/1 is applied, it is ensured that the new consumer’s risk
becomejs smaller thanthe old one. But the producer’s risk becomes larger than the old one. If
the new consumer and’producer’s risks are not suitable, the user of the sampling plan of this

standard may change the inspection level.

B.1 ‘T'alues for operating characteristic curves

Table B.2 shows the values for operating characteristic curves for single sampling plans with
an acceptance number equal to zero.
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