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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 promote‘intern
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 “IEC")Publication(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 thé dqternational Organizat
ndardization (ISO) in accordance with conditions determined by agreemeni-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 fr|
brested IEC National Committees.

[ Publications have the form of recommendations for internatiohal 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 Jthe way in which they are used or f
interpretation by any end user.

order to promote international uniformity, IEC National' 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 orregional 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 thelatest edition of this publication.

mbers of its technical committées’and 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 oth
blications.

ention is drawn to_the ]Normative references cited in this publication. Use of the referenced publicat
ispensable for thelcarrect application of this publication.

[ draws attention® to the possibility that the implementation of this document may involve the use
ent(s). IEC 4akes no position concerning the evidence, validity or applicability of any claimed patent ri
pect theréof) As of the date of publication of this document, IEC had not received notice of (a) patent(s)
y be reguired to implement this document. However, implementers are cautioned that this may not rep
latest information, which may be obtained from the patent database available at https://patents.iec.g
1| not. be held responsible for identifying any or all such patent rights.
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IEC 62899-302-3 has been prepared by IEC technical committee 119: Printed Electronics. It is
an International Standard.

The text of this International Standard is based on the following documents:

Draft Report on voting

119/505/FDIS 119/511/RVD

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

The language used for the development of this International Standard is English.


https://iecnorm.com/api/?name=91d17aba18e1ffa27a117769ee689156

IEC 62899-301-3:2024 © |IEC 2024 -5-

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

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

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

e rgconfirmed,
e wijthdrawn, or

e rdvised.

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

The term "printed electronics" can be easily understood in that this industry involves electronic
devices and products that are manufactured by using state-of-the-art printing techniques,
otherwise known as additive processes. Printing methods have been widely used in textile and
paper type substrates for centuries. In the past, the advent of mass producible printouts had a
significant impact on how knowledge is stored, transferred and reproduced. At this current stage
of technological development, printing on either rigid or flexible substrates is considered to
supplement or replace traditional electronic device manufacturing processes. The difference
between media printing and printed electronics stems from the fact that media print is used to
convey information for humans to process using their eyes while printed electronics requires
machines to process electronic information; the Tevel of resolution and functionality required
makels the difference. Some of the widely used functional materials for printed electronics are,
but npt limited to, nano- or micro-size metal particles, semiconductive polymers, and_dielpctric
matefrials. Due to the available and required readout resolution, small feature sizes:b&low 20 pym
will necessarily be printed. Layer thickness and registration accuracy of printedproducts are
closely related to the quality control of electronic devices with ink materialsyrequiring g high
level jof quality. Overall, printing tolerance is much smaller in printed electronics.

Therg are two main categories in the printing process for printed_€lectronics. One is a[ non-
contdct printing process, such as inkjet printing or an electrostatic discharge (ESD) printing
procgss. The other is a contact printing process, such as gravure 'printing, gravure offset printing,
reverge offset printing and screen printing. This document provides a proposal for meadquring
and gssessing the printing master. Therefore, the scope is titmited to the printing process psing
the pfinting master.

The quality of the printing master is important because the ink is transferred from the prjnting
master to the substrate directly in these processes) which means that the quality of the results
of the printed circuit depends on the quality ofcthe printing master. For the mass productfon of
printed electronic devices, many companies; such as device manufacturers, printing master
manufacturers and printing master manufacturing equipment vendors, are relatqd to
manufacturing and thus they will use :@“printing master and standardized measurement and
assegssment methods.

Print¢d electronics requires more precise dimensional control than conventional media pr|nting
as mentioned above. It means that the evaluation of printing plate rollers is critical to achipving
the reliable production of high-resolution patterns and the reduction of printing registration
errorg. One of the maostimportant performance parameters of the printing plate roller is the
dynamic error in actual printing equipment during actual printing. The dynamic error gf the
printing plate roller causes the changes in the printing process condition, such as the printing
presgure and thessynchronization error between the roller and the substrate. Such a dynamic
error[results imprinted linewidth variations and printing registration errors. The dynamic efror is
the combined.results of the shape errors of the printing plate roller, the motion guiding erfor of
the BPearing assembly, and the unexpected deformation of the roller by the external| load
including /self-gravity load. To reduce the occurrence of dynamic errors of the printing |plate
roller,"each contributor to the dynamic error ot the printing plate roiter will be evatuated. ror the
first step to evaluate the dynamic error of the printing plate roller, this document focuses on
measuring the shape errors of the printing plate roller.
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PRINTED ELECTRONICS -

Part 301-3: Equipment — Contact printing — Rigid master —
Method to measure the shape errors of printing plate rollers

1 Scope

This part of IEC 62899 defines measurement terms and methods related to the shape errors of
printing plate rollers. Measurement terms include radius, total run-out, and three kinds of §hape
errorg of printing plate rollers that are axial deviation, radial deviation, and cross-sectional
devidtion. The remaining shape error excluding the three errors mentioned above-is definpd as
a res|dual shape error.

This document applies to printing plate rollers with or without patterns’while excluding the
pattefn area for the measurement.

2 Normative references

The fpllowing documents are referred to in the text in such a\way that some or all of their cdntent
constitutes requirements of this document. For dated reférences, only the edition cited applies.
For tindated references, the latest edition of the “referenced document (including any
amerjdments) applies.

ISO 1101, Geometrical product specifications(GPS) — Geometrical tolerancing — Toleranges of
form,|orientation, location and run-out

ISO 12180-1:2011, Geometrical product specifications (GPS) — Cylindricity — Part 1: Vocahulary
and garameters of cylindrical form

ISO 12180-2, Geometrical pfoduct specifications (GPS) — Cylindricity — Part 2: Specifigation
opergtors

ISO 12181-2, Geometrical product specifications (GPS) — Roundness — Part 2: Specifigation
opergtors

3 Terms_ and definitions

For the\purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminology databases for use in standardization at the following
addresses:

e |EC Electropedia: available at https://www.electropedia.org/

e |SO Online browsing platform: available at https://www.iso.org/obp
3.1
printing plate roller

roller that carries the image to be printed and is composed of several sections including the
printing cylinder, journal shaft, and driving shaft

SEE: Figure 1.


https://www.electropedia.org/
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inting cylinder

2 journal shaft

3 driying shaft

3.1.1

Figure 1 — General shape of printing plate roller

printing cylinder

main
surfa

3.1.2

Ce

journal shaft

shaft
3.1.3
drivi

shaft

3.1.4

on which rotational bearings are attached

ng shaft
on which driving force is exerted

datum axis of the printing plate roller
assogiated derived centre axis’of the common least squares reference cylinder of two mea

journ

SEE:

Key

bl shafts, and considered as the rotation axis for the printing plate roller

Figure 2.

IEC

cylinder of the printing plate roller that carries the image“to be printed on its cylinfrical

sured

IEC

1 datum axis

2 common least squares reference cylinder

Figure 2 — Datum axis of the printing plate roller for measuring
shape errors of the printing cylinder
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3.2
shape error of the printing cylinder

geometrical tolerance of a cylinder with respect to datum axis, defined as total runout in
ISO 1101

Note 1 to entry: The total runout of a cylinder includes the various types of errors in the cylinder, such as cylindricity,
roundness, and coaxiality (or straightness) as indicated in ISO 12181-1, ISO 12180-1, and ISO 12781-1, and reports
only maximum deviation. In measuring the printing plate roller in printed electronics, it is important to know what kind
of shape errors exist in the printing plate roller because each type of shape error has a different effect on the printing
result (see Annex A). In Clause 3 three kinds of error shapes of the printing plate roller are defined in accordance
with ISO 12180-1. The shape errors that are not included are considered residual shape errors.

3.2.1
axial|deviation
deviation of the associated derived centers of measured least squares reference circles ¢f the
printing cylinder relative to the datum axis of the printing plate roller

Note 1| to entry: See ISO 12180-1:2011, 3.3.1.2 for a definition of least squares reference cylinder and Anngx B.

SEE:|Figure 3.
IEC
Figure 3 — Mediantline deviation of a cylinder
3.2.2

radi:I: deviation
devidtion of the extracted radius-of the printing cylinder

Note 1| to entry: Refer to ISO%12180-1:2011, Annex B.

SEE:|Figure 4.

IEC
Figure 4 — Radius deviation of a cylinder

3.2.3
cross-section deviation
averaged roundness of the printing cylinder along the datum axis

Note 1 to entry: Refer to ISO 12180-1:2011, Annex B.

SEE: Figure 5.
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Figure 5 — Cross-sectional deviation of a cylinder

residual deviation
shap¢ errors of the printing cylinder that cannot be described using the three types of s
errorg as defined in 3.2.1 to 3.2.3

4

4.1

easurement methods

General

Measluring the shape errors of the printing plate roller is, highly recommended for the pr
procgss in which the quality control of the printed patterns, such as the pattern resol

linew
printi

4.2

The
requi

a) A

b) C

dth variations, and printing registration accuraey, is important. The shape errors ¢
ng plate roller shall be measured using the folowing method.

Measuring instrument

measuring instrument and its requirements comply with I1SO 4291. The addi
rements are defined as follows.
ccuracy of the measuring instrument

Accuracy of the measuring instrument should be higher than the required accurg
the printing plate roller:

Blibration

Calibration shall be carried out periodically in compliance with the guidelines ¢
instrument. manufacturer.

c) Measurement conditions

4.3

Record the ambient temperature and any variations that occur during the measure

hape

nting
Lition,
f the

ional

cy of

f the

ment.

Measuring process

1) Locate the printing plate roller so that the datum axis is aligned vertically or horizontally in
the measuring instrument.

NOTE

The vertical setup has the benefit of reduced deflection due to gravity.

The measurement of a horizontally positioned roller is beneficial when evaluatin
actual roller shape error in the actual printing condition because the printing plate

g the
roller

is positioned horizontally in normal printing machines. The application of the
measurement instrument can be limited in the horizontally positioned roller because the
stylus of the measurement instrument cannot access the entire surface of the printing

cylinder and journal shafts.

1 The specimen will be stabilized to prevent swaying when measuring its shape and dimensions in an upright
position.

2) Wait more than 30 min for temperature stabilization of the specimen to the measured room
temperature after the specimen is loaded on the measurement instrument.
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NOTE

- 11 -

2 The specimen will ideally be left in the measuring room condition for more than 24 h.

3) Measure the journal shaft using the circumferential method stated in ISO 12180-2. The
measurement should contain more than two circumferences having more than 360 points
(minimum sample points when the interested minimum undulation per revolution (UPR) is
50 according to ISO 12181-2) per journal shaft.

4)

Calculate the cylinder axis, radius and cylindricity of two journal shafts as a single least

square cylinder (see ISO 12180-1 and ISO 12180-2) and report the radius and cylindricity
of the least square cylinder as the accuracy of the datum axis of the printing plate roller.
The cylinder axis of journal shafts is the datum axis of the printing plate roller.

5)

Align the z-axis of the measuring instrument to the datum axis of the printing plate roller.

6) M
m
ci

7) C
pl

8) E

easure the printing cylinder using the circumferential method stated in ISO 121802
easured circumferential lines locate equidistantly, and the measurement points)of
rcumferential line are sampled at equal angles.

It is recommended that at least five measured circumference lines are used'to me
the typical shape errors of the printing plate roller, such as conicakdeviation, |
deviation, and trumpet deviations. To include complex shape errors)-fhe number
measured circumferential lines shall be increased accordingly.{based on agree
between the user and supplier.

The number of sample points on each circumferential line follows the guidelines
in ISO 12181-2. The number of sample points shall be selected to fit the inter
undulation per revolution (UPR) range as shown in Table 1.

It is possible that the line interval and the sample intéerval will not be equal in case
are some areas that the stylus is unable to access on the printing cylinder.

The radius (d) of the stylus to the radius (%) of the printing cylinder shall mee
requirements given in ISO 12181-2 as shown.in Table 1.

[able 1 — Guideline for the sample paoints on each circumferential measuremen

Maximum interested UPR Minimum sample points Minimum d4:r ratio
15 105 5
50 360 15
150 1050 50
500 3 500 150
1600 10 500 500

cylinder {(see ISO 1101).

blculate thectotal runout of the printing cylinder relative to the datum axis of the pr
ate roller.ising the measured data in 6) and report the measured total runout of the pr

ktract )the least square reference circles for each measured circumference usin

me

asdred data in 6). Each least square reference circle has the information of the

. The
each

asure
parrel
pf the
ment

given
bsted

there

t the

nting
nting

j the
axial

deviation and the radial deviation of the priniing cylinder relative to the datum axis of the
printing plate roller at the given cross-directional position. Report the radius, the axial
deviations, and the radial deviations of the printing cylinder (see Clause B.1).

9)

Remove the axial deviations and the radial deviations from the measured data in 6) (see

Clause B.2). After this step, the measured data of each circumference in 6) are changed so
as to have the same radius and zero axial deviations.

10) Calculate the cross-section deviations by averaging all circumferences in the data of 9) and
report the cross-section deviations (see Clause B.3).

11) Calculate the residual shape errors of the printing plate roller by subtracting the cross-
section deviation in 10) from the data in 9) (see Clause B.4).
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4.4 Report
The report shall contain the following (refer to Annex C for the model reports):

— measuring instrument: manufacturer, model, and accuracy;

— measuring conditions: temperature with the variation during measurement and picture of
measurement setup;

— datum axis: radius and cylindricity of two journal shafts as a single least square cylinder. (If
the profile filter is applied, the filter type and the cut-off frequency should be specified);

— tolerance of the printing cylinder: total runout of the printing cylinder relative to the datum

axis of the nrintina nlate raller (If the nrofila filter is annliad the filter tvne and tho r\ut_off
3 —R-e—pHRAHRgPpate—+oHre—H—+te—pFoH-e—Hteris—appHea—He—+Hter/pe—-aha—+th

frequency shall be specified);

— shape errors of the printing cylinder: radius, axial deviations, radial deviations, cross-section
deviations and residual deviations of the printing cylinder. (See Clause B.1, Glause B.B and
Clause B.4).
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Annex A
(informative)

Printing force variation of the printing plate roller

The measured printing forces at both ends of the printing plate roller in two machines show the
different trend in Figure A.1. In machine #1, the printing forces at both ends show the
out-of-phase errors, which means the pressure changes at both ends have a phase difference
of about 180°. However, there are also the in-phase printing force errors that show nearly zero

phase
by as
that t
slope]
axial
be cs
plate
there
but a
round

he dominant shape error of the printing plate roller in machine #1 is axial deviatign

deviation has an offset relative to the datum axis in Figure A.3. Alternatively,lit can
used by cross-section deviation. This is the reason why the shape error of the pr
roller should be measured accurately before using it in the printing maehines. How
are some other characteristics that cause printing force variation, not ‘only by shape
so other error in the printing system, such as error in chassis, vibration, in bearings,

Machine #1

Time-variant impression force measurement

Machine #2

Time-variantimpression force measurement

|
T

65

26

 Left

25F

- 1
il JJ
[

|

0

2,

~

)

1

2

2,2
21

Impression force (N)
Impression fefee (N)

]
1,8 Y

455 17
Time« (<)

30 40

Time (s)

10 20 60

IEC

Figure A.1.— Printing force variations in two different cases

IEC

Figure A.2 — Axial deviation with a slope relative to the datum axis

relative to the datum axis as shown in Figure A.2. On the other hand, it is likely'tha

ness, or by dynamic balance of a roller itself, although there is_np,static shape errof¥.

Figure A.3 — Axial deviation with an offset relative to the datum axis

differences at both ends in machine #2. This kind of printing force error can be explained

nting
ever,

error,

non-
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Annex B
(normative)

Numerical procedures to extract the shape errors
of the printing plate rollers

B.1 Extraction of the least square reference circle for each measured
circumference of the printing cylinder
The —with n
beind the number of the measured circumferences. A least square reference circle iscobtpined
from pach measured circumference as shown in Figure B.2. The problem of least-square fitting
is defined as follows.
. . j m . \2 . \2 .
. i i R L i i i i i2
Find [Cy, C},, | to minimize Z{(xj —Cx) +(yj —Cy) -R }
j=1
where
m is the number of measured points in each measured circumference,
x} is the measured x position of the jth point in the ithicircumference,
y; is the measured y position of the jth point in the'ith circumference,
Cfc is the axial deviation of the ith circumferéfice in the x-axis,
C; is the axial deviation of the ith circumference in the y-axis, and
R’ : : :
is the radius of the ith circumference.
Datum axis of
roll master
Printing
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Figure B.1 — Measurement of the printing cylinder
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Figure B.2 — Least square reference circle of the i-th circumferential measuremept

Incluge Table B.1 in the report. The mean radius (R,) is the radius of allfeast-square cirgles.

Table B.1 — Report form for the axial deviations and
radial deviations of the printing cylinder

Circumference .
L 1 2 i n mepn
index

B.2 | Remove the axial deviations and the radial deviations

Formula (B.1) and /ermula (B.2) are applied to obtain the circumferential line prof|le of
(xc'}, c’}) to remove.the axial deviations and the radial deviation from the original meagured

circumferentialline profile of (x;y;)

. R, [T o> T (. R
xc; = R’ N =G 7%, =C;) cosLatani(yj—cy)/(xj—cx)u (B.1)
i R P P 02 o i i i
ycj:R—";\/(yj—Cy)2+(xj—Cx)2 sm[atan{(yj—Cy)/(xj—Cx)}} (B.2)

In general, Cfc and C; are much less than R’ and the approximation below can be applied to

obtain (xc}, yc}).
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xc} :xz-—C;—(Ri_Rm)cos[atan(y;/x})} (B.3)
ycj = y; —C; —(Ri —Rm)sin[atan(yj /xj )} (B.4)

B.3

The
profil

defin

B.4

The 1
and H
runod

Calculate the cross-section deviations

bd as the runout of (¥4, Y4)).

n

—_ i
xa; = " Zxcj
i=1

Calculate the residual shape errors

tof(xr}, yr]’:).

J J J

cross-section deviations of (¥4, Y4/) are calculated by averaging the €ircumfergntial
bs of (xci-, yc;) using Formula (B.5) and Formula (B.6). The cross-s€ction deviatjon is

(B.5)

(B.6)

esidual shape errors of-the roll master of (xr}, yr_j) are calculated using Formula|(B.7)
ormula (B.8). Thekesidual shape errors of the printing plate roller are defined as thg total

xr’:=xci‘—xa~(i=1...n,j=1...m) (B.7)

yrjzyc;—yaj (i=‘|...n,j=1...m) (B.8)
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Annex C1
(informative)

Examples of report

C.1 Example of report

Measuring instrument: Coordinate measuring machine (CMM)

- nufacturer: Dukin
— Model: 121510
— Agcuracy: 3,0 + L/300 ym (L is a measuring length in mm)

Measuring temperature: 20 °C £ 0,5 °C

Measlurement setup with CMM is shown in Figure C.1.

=

IEC

Figure C.1 — Measurement setup

Radius and eylindricity of two journal shafts: Radius 19,993 8 mm / Cylindricity (ng pum)

See Figure C.2.

NOTE 1 360 points are measured per each circumference and no profile filter is applied.

1 Dukin and Kosakalab are examples of commercial manufacturers. This information is given for the convenience

of users of this document and does not constitute an endorsement by IEC of the companies or their products.
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Figure C.2 — Measurement of the datum axis
Total|runout of the printing cylinder with respect to the datum axis, of the roll master: 22,3( um.

See Figure C.3.

NOTE|2 360 points are measured per each circumference and nd.profile filter is applied.

IEC

Figyre C:3 — Measurement of the circumferences of the printing cylinder with the label
" ing the z-axi g ¢ I i ¢ r

Axial deviation and radial deviation of the printing cylinder are reported in Table C.1 and
Figure C.4.
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Table C.1 — Report for the axial deviations and radial deviations of the printing cylinder

fitted from measured circumferences given in Figure C.3

Circ‘;r'?;:;e“‘:e 1 2 3 4 5 6 7 8 mean
2 (mm) -145 -104 -62 .21 21 62 104 145 -
C./ (um) 1,13 1,86 -0,16 0,11 -0,86 -1,84 22,31 -3,45 -0,69
C,’ (um) -1,94 -3,46 -0,29 -0,63 1,57 2,38 3,31 2,82 0,47
R (mm) 62,534 4 | 62,530 7 | 62,528 4 | 62,5252 | 62,524 6 | 62,524 1 | 62,522 6 | 62,526 0 | 62,527 0

62,536

62,534

62,532

62,53

62,528

62,526

62,524

-5 62,522

-100 -50

0 50 100 150 -1 -100  -50
Z (mm)

Figure C.4 — Graphical.report of Table C.1

Radiys of the printing cylinder: 62,527 0 mm

Crosg-section variation: 6,1 ym

See Figure C.5.

330

100 150
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Figure C.5 — Extracted cross-section variation

Residual shape errors of the roll master: 5,9 ym

See Figure C.6.
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Figure C.6 — Residual shape errors

Example of report 2

Measuring instrument: Roundness tester

— Manufacturer: Kosakalab
— Model: EC3600A

— Rptational accuracy of the rotary table: (0,1 + 0,000°6) # um (H is the height from the

in

- S

mm)

raightness accuracy of the vertical column: 1,5 um/200 mm (4 pm/1 400 mm)

— Parallelism of the vertical column: 5 pyni/1 400 mm

Measluring temperature: 20 °C+0,5 °C

A pic

ure of measurement setup in a roundness tester is shown in Figure C.7.

table
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