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Printed Ele€tronics.

FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization_com
national electrotechnical committees (IEC National Committees). The object of IEC is to promotesintern
operation on all questions concerning standardization in the electrical and electronic fields..To this e
hddition to other activities, IEC publishes International Standards, Technical Specifications, Technical R
blicly Available Specifications (PAS) and Guides (hereafter referred to as “IECyPRublication(s)”).
paration is entrusted to technical committees; any IEC National Committee interested,in'the subject dea
y participate in this preparatory work. International, governmental and non-governmental organizations |
h the IEC also participate in this preparation. IEC collaborates closely with theClnternational Organizat
ndardization (ISO) in accordance with conditions determined by agreement.between the two organizat

b formal decisions or agreements of IEC on technical matters express, as nearly as possible, an intern
sensus of opinion on the relevant subjects since each technical committee has representation fri
brested IEC National Committees.

C Publications have the form of recommendations for internatiofal" use and are accepted by IEC N
Immittees in that sense. While all reasonable efforts are made to ensure that the technical content
blications is accurate, IEC cannot be held responsible for)the way in which they are used or f
interpretation by any end user.

order to promote international uniformity, IEC Natjonal* Committees undertake to apply IEC Publig
hsparently to the maximum extent possible in their national and regional publications. Any divergence be
IEC Publication and the corresponding national of/regional publication shall be clearly indicated in the

L itself does not provide any attestation of conformity. Independent certification bodies provide con
essment services and, in some areas, access to IEC marks of conformity. IEC is not responsible f
vices carried out by independent certification bodies.

users should ensure that they have the, latest edition of this publication.

mbers of its technical committe€syand IEC National Committees for any personal injury, property dam|
er damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fee
enses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC Publid

ention is drawn to thesNormative references cited in this publication. Use of the referenced publicat
ispensable for the correct application of this publication.

ention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
hts. IEC shall not'be held responsible for identifying any or all such patent rights.

ational (Standard IEC 62899-402-3 has been prepared by IEC technical committeg]

brising
htional
d and
tports,
Their
It with
aising
on for
ons.

hAtional
pm all

htional
bf IEC
br any

ations
tween
latter.

ormity
br any

liability shall attach to IEC or its,directors, employees, servants or agents including individual expeits and

age or
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ations.

ons is

patent

119:

The t

xt-of-thistrterrational-Standard-is-based-en-thefolowing-desuments:
FDIS Report on voting
119/346/FDIS 119/350/RVD

Full information on the voting for the approval of this International Standard can be found in the

repor

t on voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 62899 series, published under the general title Printed electronics,
can be found on the IEC website.


https://iecnorm.com/api/?name=608590599c958d65e2eec74bbb0b01c3

-4 - IEC 62899-402-3:2021 © |IEC 2021

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

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

|
IMPORTANT - The "colour inside” logo on the cover page of this document indithes
that it contains colours which are considered to be useful for the correct understanging
of ifs contents. Users should therefore print this document using a colouriprinter.
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INTRODUCTION

This document contains fundamental information on the measurement of voids in a printed
pattern in printed electronics. Void in this document is defined as a very small non-patterned
part of a printed pattern, caused by the printing condition and ink properties, and treated as
two-dimensional on a substrate. It can be seen that the terms void and pinhole used in the
electronics and graphic printing industries, and the term void used in this document are different.
There can be three kinds of absence of materials in the pattern. First, an absence of material
inside the solid pattern, which is generally called void in the electronics industry. In this case,
there is a vacancy inside the pattern but no imperfection area observed from a two-dimensional
(2D) top-view. Therefore, it cannot be defined in the graphic printing industry where only two-
dimenfsional (2D) images are meaningful. Second, there can be a hole penetraling frofn the
surfate of the printing layer to the substrate. This case can be observed as a hole in the pr|nting
area,|and is called a pinhole in the electronics industry and a void in the graphic printing inqustry,
respgctively. The third one is a deep hole that does not penetrate into the substrate; thenefore
it is gbserved as a hollow in a 2D top-view of a printing image. In the electronics“industry, this
case|is called hollow or pit, and in the graphic printing industry, it is called _hollow or vpid in
general. This document deals with the second and third cases, and focuses‘'on the 2D imdge of
the pfrinted pattern; therefore, the term void is used in this document according to the gengrally
used |definition in the graphic printing industry. Voids should not exisDin the printed pafterns
which constitute the printed electronics devices to be commercialized for the stable and reliable
performance of the devices. The detection and analysis of voids in the pattern can prpvide
guidglines to evaluate the printability of the process, inks;and equipment, therefore/ it is
possiple to manage and control the performance of the printed electronics devices by meaguring
and gnalysing the voids at the patterning process from the point of view of printability. An[easy
way o detect voids in the printed pattern can be te{ use a three-dimensional (3D) profiler,
howeler, it is too expensive to install in small-sized’ manufacturing facilities. Therefore|, this
documment provides a measurement method of\wvoids using a 2D image obtained |[by a
conventional optical microscope or camera. This document includes the measurgment
procgdures of voids and related attributes sueh’as numbers, size, and ratio of voids within the
pattefn. In the area of the void, the thickness of the pattern changes gradually: the pattern
thickmess decreases gradually and finally becomes zero at the void, which is a three-
dimensional characteristic of the void.The boundary of the void can be different depending on
the definition of the meaningful thickness of the pattern near the void area. This document offers
a method to determine the boundary between the void and the pattern. Although this docyment
offerg a measurement method.of’'voids from the two-dimensional image of the printed palttern,
it givgs a proper method that'can capture the voids considering their three-dimensional structure
even| from the two-dimensional photo image of the pattern. This simple cost-effective
measiurement method,ean offer an easy way to check the voids in the printed pattern in the
manyfacturing process;’and can be useful way for the printed electronics industry to mgnage
the qpality of the products at lower cost.

This |document) excludes the standardization of the measurement system. It specifies the
propgrties-related to the voids such as numbers, areas, sizes, etc., in the printed pattern
obtaihed,from the optical measurement system.

Operators should avoid misdetection of voids from deeply rough surfaces on the thick pattern
such as printed by screen-printing. It is recommended that surface roughness be measured as
well for these cases.
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This
images of voids and obtaining the void-related attributes in the dried or cured printed pat
which are part of the electronic products in the field of printed electronics. The/measu
voids| using this document are limited to those that are distinguishable by theroptical i
measjurement.

NOTE]| In this document, void means an imperfection of pattern observed from a two-dimensional (2D) top-vi

2

The fpllowing documents are referred to in the text in such a way that some or all of their co
consfitutes requirements of this document. For dated referenices, only the edition cited ap
For
amerjdments) applies.

ISO 391, Plastics — Standard atmospheres for conditioning and testing

3 Terms, definitions and abbreviated-terms
For the purposes of this document, thé“following terms and definitions apply.

ISO

3.1

regian of interest
ROI
area,|inside defined boundaries, to be analysed

3.2

IHC Electropedia available at http://www.electropedia.org/
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Voids in printed pattern using a two-dimensional optical image

Scope

2021

part of IEC 62899 specifies the optical measurement method for acquiring two-dimens

Normative references

Iindated references, the latest edition of the referenced document (including

30 Online browsing:platform: available at https://www.iso.org/obp

ional
terns
rable
mage

ntent
plies.
any

hnd I[EC maintain terminological databases for use in standardization at the follpwing
addrgsses:

background area
part of the area in the ROI that contains the background, excluding the patterned part

3.3

pattern area
part of the area in the ROI that contains the patterned part, and which may include voids,
excluding the background

3.4

void
absence of ink in an area that should be inked
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3.5
ratio

of void

ratio of the total void area to the area of the pattern

3.6
void
B

ref

threshold

brightness level of the pattern which separates voids and non-voids

3.7
void
VA
weigh

Note 1

void th

3.8

Bback
brigh

3.9

Bpatt(
brigh

4 A

The o
shall
stand
with

stora
confag

Unles

If con

threshold index

t factor that determines the value of the void threshold

to entry: The void threshold index Z is used for B,-ef = Bback +(Bpattern _Bback)XZ ) Where Bref is the
reshold, and Bback and Bpattern are brightness levels of the background and the-pattern, respectively.
ness level of the background

prn

ness level of the pattern

\tmospheric conditions for evaluation and conditioning

tandard atmosphere for evaluationi{test and measurement) and storage of the speg¢imen
be a temperature of (23 £ 2) °€ "and relative humidity of (50 £ 10) %, conformihg to
ard atmosphere class 2 specified in ISO 291. For a plastic test piece which is a substrate
pbrinted patterns, the standard atmosphere for evaluation (test and measurement) and

e of the specimen shallbéa temperature of (23 £ 1) °C and relative humidity of (50 £
rming to standard atmosphere class 1 specified in ISO 291.

s otherwise specified, the conditions shall be reported.

ditioning is,necessary, the same standard atmosphere specified above shall apply.

5 MNeasuring methods and instruments

5) %,

5.1

Measuring instrument

The measurement of voids in the pattern shall be carried out with an instrument that can obtain
the image of the pattern. The repeatability and accuracy of the measuring instrument should be
less than 10 % of the tolerance specification of the smallest dimension of the voids that the
measurer wants to measure. In the measurement system, the image of the pattern should be
converted to an image file. The image should include the pixel information without loss due to
compression (e.g. causes of jpeg compression). The pixel dimension or resolution of the image
is determined by agreement between the user and supplier; if not, the pixel dimension of the
image should be less than half of the smallest dimension of the void that the measurer wants
to measure. If working with the resolution instead of the pixel dimension, this requirement

shoul

d be fulfilled accordingly.
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5.2 Preparation of specimen

The measuring area of the specimen is determined by agreement between the user and supplier.
The specimen should be kept flat during the measurement. The specimen to measure voids in
the pattern necessarily contains the background area which does not have the pattern.

5.3 Measuring method

The printed pattern has the form of a line or solid area and can have voids. For the measurement
of voids in the pattern, the boundary between the printed area and the void is recognized and
the number and area of the void are calculated using an appropriate software. The size

i 4 bl id of int 1 wred—Th t st
informatieon—-on SV-BY—RE8aSHH3PD+8MBHEG—OoHHR8F8 SIS+ g8 a—RB88asHe8ehRi—StepsS—are as

follows:

a) F|nd a region of interest (ROI)

The ROI shall be set to include a whole pattern or a part of the patternto be meagured
de¢pending on the size of the pattern. The ROI shall contain both the pattern with yoids
(measuring area) and the background without the pattern as shown in_Eligure 1.

b) Difine the pattern area
The pattern area shall include only the printed pattern excluding the background|area
w|thout the pattern as shown in Figure 1.

c) Define the background area

The background area in the ROI shall include only the background area excluding the
printed pattern as shown in Figure 1. The brightness of the background area is used to
define the void threshold (refer to Annex A).

IEC

Figure 1 — Definition of pattern area and background area
in the ROI of the captured image

d) Measure the mean brightness of the pattern area and the mean brightness of the
background area

Using a suitable software that can provide the value of the brightness of a pixel, measure
the brightness of all the pixels of the image of the pattern area and calculate their mean
value, Bpattern- The value of the brightness ranges from 0 (darkest) to 255 (brightest). The

description is given based on an 8-bit pixel depth. If the pixel depth is different, the numerical
value for the brightest value can vary. Also measure the brightness of all the pixels of the
image of the background area and calculate their mean value, B .. Figure 2 shows
examples of the distribution of the brightness of the pixels of the pattern area and the
distribution of the brightness of the pixels of the background area.
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Figure 2 — Distribution of the brightness of the pixels of the pattern area and mean
value, and distribution of the brightness of the pixels of the background area
and mean value

e) Specification of the void threshold

Define the void threshold B¢ which is given by Formula (1):

Bref = Bback + (B

pattern _Bback)XZ (1)
where Z, the void threshold index, is the value that the measurer can select depending on
the degree of detection of voids ranging from 0 to 1. More details on the void threshold are
given in Annex A. The measurer reports the value of Z as shown in Table 1, because Z
determines the degree of detection of the voids as described in Annex A.
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Specification of voids

Make a binarization of the image of the pattern area based on the void threshold as shown
in Figure 3. Calculate the area of each void and the total area of all the voids from the
information on the number of pixels and sizes. Calculate the value of the area of the pattern
area including the voids. These calculated values are used to obtain the attributes related
with the voids.

IEC

Figure 3 — Binarization of pattern and detected voids

Obtaining void-related attributes

With the information obtained above, the void-related attributes can be obtained as follows:

a)
b)
c)
d)

e)

f)

An

N,

voig (number of voids),

N

lmax (area of the largest void),

N

lmean (mean area value of the voids),

N

lpattem (area value of the pattern area),

N

1\,0id (totalarea value of the voids within the pattern area),

vaoid (ratio of void): ﬁ _

patert

additional attribute on the size distribution of voids from the void measurements can be

obtained as shown in Annex B.

6

6.1

Report of results

Measurement identification information

The report shall include the date of the measurements, the identity of the operator, and the lot
identification.
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6.2 Instrument system and its specification

The report shall include a description of the instrument system used with its specification, such
as the type of instrumentation, resolution and ROI.

6.3 Sampling position

The report shall include the sampling position.

6.4 Results

The W—mﬁﬁe—ﬂm—ﬁemrmm%ﬁhe—@ﬂﬂe—mhm—ﬁaﬁeﬂ— i t ; : f t is an
examiple of the corresponding values of the items of the left side column of Table 1.

Table 1 — Reporting items example

ORIGINATOR XYZ printing company
Lot igentification Results of YYYY/MM/DD print set
Date|of report Date: YYYY/MM/DD

Test pperator

Atmgspheric conditions
Temperature
Relafive humidity

INSTRUMENTATION XYZ optical ¢ompany, model XXX

Type XXX

Resolution X um

ROI Xmm x X mm

CONFORMANCE TESTS

Voidg attributes measurements Within the tolerance

SAMPLING POSITION Indicate the position of the sample within the whole

pattern design

PATTERN VOIDS ATTRIBUTES
Void [threshold index VA
Number of voids
Area|of largest voids
Mear} area of voids

Ratid of voids
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Annex A
(normative)

Void threshold

Although this document specifies the measurement of voids in the printed pattern treated as
two-dimensional, the void has a three-dimensional structure. Figure A.1a) shows the image of
a void obtained by a confocal microscope and Figure A.1b) its schematic picture. This three-
dimensional characteristic appears as an image with a gradation when obtained as a photo
image as shown in Figure A.1c). This gradation is the thickness effect of the pattern. The thick

naa ac  he hi nnn but thao thi rea-appears—as darl ana
area pppears-as-a-bright-image—but-the-thin-area-appears-as—dark-one-

b) Schematic piqt@ of a) c) 2D photo image of a)

C) Figure A.1 - Different images of a void

o‘ﬁ‘
O%
NS

IEC

Figure A.2 — Dependence of the void threshold on the void threshold index


https://iecnorm.com/api/?name=608590599c958d65e2eec74bbb0b01c3

IEC 62899-402-3:2021 © |IEC 2021 -13 -

The binarization of the image in order to visualize the voids uses the difference in brightness
between the pixels in the patterned area and the pixels in the background area. The reference
value for the binarization of the image is the void threshold. The pixel having a higher brightness
than the void threshold is regarded as the patterned area and is considered "white"; on the
other hand, the pixel having a lower brightness than the void threshold is regarded as a non-
patterned area and is considered "black". The void threshold differs depending on Z, the void
threshold index. As shown in Figure A.2 and referring to Formula (1), the large value of Z sets
the boundary between the void and the pattern close to the patterned area; on the other hand,
the small value of Z sets the boundary close to the void area. In the extreme case of Z = 1, the

void threshold corresponds to Bpattern which is the mean brightness of the pattern area;

therefore the Ir'\i\u:le hn\/ing a hrighfnnee lower than this value even in non-vaoids parts_can be
recognized as void. In the other extreme case of Z = 0 where the void threshold correspernds to

B,.., few pixels in the voids are detected as void because almost all the pixéls“have a

brighiness over that of the background area. Figure A.3 shows the distribution ofdhe"brighfness
of thg pixels of the printed pattern with void threshold indexes and corresponding’void threshold
valugs indicated. The pattern was obtained by the screen printing method and“the pinholes of
the plattern occurred because of screen mesh. The pixels with a brightn€ss under thg void
threshold calculated using Z are regarded as voids, therefore Z determines the degrge of
detedtion of voids as shown in the example of voids detection depending on Z in Figurg A.4.
The Yalue of Z can be selected referring to the distribution of the(brightness of the pixels of
Figure A.3.

? A
Q
c
5
5 240 4
220 4
200 4
180 1
160
Bpa tern 1404 =142
=131
120 4 l=119
=108
100 4... :: =96
=85
804" :e =74
60 4 of = 62
=51
40 4. 1=39
1 back 20 1 ] of = 28
O ] 7] -
T T T T T T T T T T >
0 20 000 40 000 60 000 80 000 100 000
Pixel number IEC

Figure A.3 — Distribution of the brightness of pixels
of the printed pattern and effect of Z
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R s e e T 3y
" .~ Original image
. (Sample #1) .

Figure A.4 — Example-of void detection depending on Z
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 (Sample #2)

IEC

Figure A.5 — Additional examples of void detection depending on Z
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