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Part 301-1: Equipment — Contact printing — Rigid master —
Measurement method of plate master external dimension

2017

e International Electrotechnical Commission (IEC) is a worldwide organization for standardizatigmcom
national electrotechnical committees (IEC National Committees). The object of IEC fs ‘to p
brnational co-operation on all questions concerning standardization in the electrical and electronic fie
end and in addition to other activities, IEC publishes International Standards, Technical Specific

the subject dealt with may participate in this preparatory work. International,\governmental an
ernmental organizations liaising with the IEC also participate in this preparation.”IEC collaborates

eement between the two organizations.

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

L Publications have the form of recommendations for international use and are accepted by IEC N
Immittees in that sense. While all reasonable efforts are madé to ensure that the technical content
blications is accurate, IEC cannot be held responsible~for/the way in which they are used or fi
interpretation by any end user.

hsparently to the maximum extent possible in their national and regional publications. Any dive
ween any IEC Publication and the corresponding~national or regional publication shall be clearly indic

L itself does not provide any attestation, of> conformity. Independent certification bodies provide con

vices carried out by independent certification bodies.

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

enses arising out of<the publication, use of, or reliance upon, this IEC Publication or any oth
plications.

ention is drawn_to.the Normative references cited in this publication. Use of the referenced publicat

ention is drawn to the possibility that some of the elements of this IEC Publication may be the sub
ent rights\ |[EC shall not be held responsible for identifying any or all such patent rights.

brising
omote
ds. To
htions,

Chnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter (referred to ag “IEC
blication(s)”). Their preparation is entrusted to technical committees; any IEC NationahhfCommittee intdrested

non-
losely

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

hAtional
pm all

htional
pf IEC
br any

order to promote international uniformity, IEC National Committees undertake to apply IEC Publigations

gence
hted in

ormity

essment services and, in some areas, _access to IEC marks of conformity. IEC is not responsible fpr any

liability shall attach to IEC onits“directors, employees, servants or agents including individual expefts and
megmbers of its technical committées and IEC National Committees for any personal injury, property dam
other damage of any nature’ whatsoever, whether direct or indirect, or for costs (including legal fee

age or
5) and
br IEC
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119:

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

FDIS Report on voting
119/152/FDIS 119/162/RVD

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

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

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

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

IMPOQRTANT - The 'colour inside’' logo on the cover page of this publication indigates
that| it contains colours which are considered to be useful for. the cofrect
undgrstanding of its contents. Users should therefore print this document usipg a
colopr printer.
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INTRODUCTION

2017

When dissecting the term “printed electronics”, it can be easily understood that this industry
involves electronic devices and products that are made using some kind of printing technique.
Printing methods have been widely used in textile and paper type substrates for centuries. In
the past, the advent of mass producible printouts has brought huge impacts 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

mach
make
thoug
diele
beloW
are c
level

Therd
non-d
proce

ines to process electronic information; the level of required resolution and functio
s the difference. Some of the widely used functional materials for printed electronig
h not limited to: nano- or micro-size metal particles, semiconductive polymers
ctric materials. Due to the available and required readout resolution, small feature

20 um need to be printed. Layer thickness and registration accuracy ofprinted pro
osely related to the quality control of electronic devices and ink materials require 3
of quality. Overall, printing tolerance is much smaller in printed electronics.

are two main categories in the printing process for the printed electronics. Ong
ontact printing process, such as inkjet printing and electrostati¢c discharge (ESD) pr
ss. The other is a contact printing process such as gravure printing, gravure

printi
mea

hg, reverse offset printing and screen printing. This docdment provides a propos
uring and assessing the printing master, therefore the scope is limited to the pr

procgss using the printing master.

The quality of the printing master is important because the ink is transferred from the pr
master to the substrate directly in these processes); which means that the quality of the results
of the printed circuit depends on the quality ofithe printing master. For a mass producti

the

rinted electronic devices, many companies such as device manufacturers, pr

master manufacturers and printing mastér manufacturing equipment vendors are relat
manufacturing and they would be8&sing the printing master and the standar

mea

urement and assessment metheds.
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PRINTED ELECTRONICS -

Part 301-1: Equipment — Contact printing — Rigid master —
Measurement method of plate master external dimension

1 Scope

This |part of IEC 62899 defines measurement terms and methods related to the ex{ernal
dimension of a rigid plate master.

Meagurement terms include geometrical size such as edge length, edge squareness, |edge

straig
plate

2 N

Therd

3 Terms and definitions

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

ISO ¢
addre

3.1
plate|
devic

Note 1
surfac

3.2

geometrical-definition of plate master

defin

htness and thickness, flatness of plate master substrates, and surface roughne
master.

ormative references

are no normative references in this document.

ss of

nd IEC maintain terminological databases for use in standardization at the follpwing

Sses:

C Electropedia: available at http://www.electropedia.org/

O Online browsing platform: available at http://www.iso.org/obp

master
e that carries the image to be printed

to entry: The image on the plate may be raised above the surface (relief) or may be carved in

b

tion\which is needed in order to determine the shape and size of the plate

to the

3.3
orien

tation corner

asymmetric corner specified for the purpose of mechanical orientation and the operator’s

visua

Note 1

| confirmation of plate orientation

to entry: This term is introduced graphically in Figure 1.


http://www.electropedia.org/
http://www.iso.org/obp
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CD edge length (L¢p)

A
-

3.4
mach
MD

direc

Note 1

3.5
CcD

3
MD reference edge
L E
Thickness measuring point §
<
>
C
9 —Fz o
(0]
R =1
o S Orientation corner N
+ : > s
o O
v
1
L ¥
I [@] O
le N
! (75 + 5) % !
Squareness of Lcp CD reference edge
IEC
Figure 1 — lllustration of the terms defined for measuring

the geometrical size of a plate master

ine direction
ion in which the stock flows

to entry: It can also mean circumferential direction*of“a roll of substrate.

cross direction

direc

3.6

ion at right angles to the machine direction of a substrate

reference edges

two €
plate

Note 1

3.7
MD r

dges adjacent to the orientation corner which are used for referencing the position
master

to entry: Thistterm is introduced graphically in Figure 1.

bference-edge

reference edge parallel with the MD

bf the

Note 1

3.8

to entry: This term is introduced graphically in Figure 1.

CD reference edge
reference edge parallel with the CD

Note 1

3.9
edge

to entry: This term is introduced graphically in Figure 1.

length

length and width of edges in a rectangular plate master

Note 1

to entry: This term is introduced graphically in Figure 1.

Note 2 to entry: L,,jand L., are the edge length of the MD reference edge and CD reference edge, respectively.
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3.10

edge squareness

angular variation of MD reference edge relative to straight lines drawn between the ends of,
and perpendicular to, the CD reference edge of the plate master

Note 1 to entry: This term is introduced graphically in Figure 1.

3.1

edge straightness

St

deviation of an edge relative to a straight line

3.12
reference plane
user-gdefined flat plane approximating the front surface of a plate master and. containjng a
coordinate system

Note 1| to entry: The same definition is applied for the measurement of flatness and surfacefoughness.

3.13
thickiness of the plate master
relatiye distance of the plate master from the bottom surface to(the front surface at the genter
position in the normal direction of the reference plane

Note 1| to entry: This term is introduced graphically in Figure 1.

3.14
flatnxss of plate master substrate
thickmess variation of the entire plate master front surface relative to a reference plane when
the stibstrate back surface is constrained against an ideally flat surface

Note 1 to entry: This term is introduced graphically in Figure 2.

Flatness

Plate master/\_’v

Back surface constrained

Ideally flat surface
IEC

Figure 2 — Graphical illustration of flatness [1]1

3.14.1
flatness—cut-off-wavelength
wavelength at which the attenuation ratio of its amplitude becomes a standard value when the
traced profile is passed through the filter which eliminates the roughness element

3.14.2
profile
positive and negative vertical deviations measured from the reference plane

1 Numbers in square brackets refer to the Bibliography.
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3.14.3

traced length

total traversing length of the measurement probe in the apparatus to measure the flatness
profile

3.14.4

height of point

Z;

height of any point in the profile from the reference plane

3.14.
z dirgction
direction perpendicular to the reference plane

3.15
profile parameter
parameter for evaluating the flatness in a single profile

3.15.11
Ra
averdge deviation from the mean of all the heights over the length) of the profile

3.15.p
Rmax

maximum height difference between the highest and{lowest points on a profile over the lgngth
of the profile or in the region of interest (ROI)

3.15.3
RZ
averdge difference in height between the five highest peaks and the five lowest valleys| over
the Igngth of the profile or in the region\of interest (ROI)

3.16
flatn¢ss parameter
parameter for evaluating the flatness in all profiles

3.16.11
mear) flatness
averdge deviatien:from the mean of all heights in all profiles

3.16.p
maximum_flatness
maximum’ height difference between the highest and lowest points in all profiles

3.17
surface roughness of plate master
surface irregularities with a spatial wavelength smaller than the roughness cut-off wavelength

3.17.1

roughness cut-off wavelength

wavelength at which the attenuation ratio of its amplitude becomes a standard value when the
traced profile is passed through the filter which eliminates flatness and waveness elements

3.17.2
raster scan
repetitive scanning in the CD direction while moving stepwise in the MD direction
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3.17.

3

region of interest

ROI
area

in which the surface parameters are calculated

3.17.4
surface roughness parameters
parameters for evaluating the surface roughness over the ROI

3.17.
RMS

Zrms

height deviation by calculating the root-mean-square method in the ROI

4 Measurement methods for geometrical size of plate master

4.1

Two
such

coordinate measuring machine (CMM) is specified in procedure, B/(4.3).

4.2

4.2.1
Thei
a) C

b) S

c) C

d) M

4.2.2

4.2.2

5
surface roughness

General

ypes of measurement methods are specified. A simple test_method with a comparator

as a dial gauge is defined in procedure A (4.2) and a. précise test method W

Procedure A
Measuring instrument
hstrument is a comparator method measuringyinstrument with a standard specimen.

bmparator repeatablity

Less than 10 % of the tolerange* specification of each measurement term.
specification is outside the scopgrof this document.

andard specimen

The accuracy of the standard specimen should be less than 10 % of the tole
specification of each measurement term.

blibration

Calibration shaould be carried out periodically in accordance with the guidelines ¢
instrument manufacturer.

It is recommended that standard specimens are certified to a recognized ind
standard.

leasurement condition

ith a

The

ance

f the

ustry

ltvis recommended that the measurement is carried out at the temperature of !

P0 °C

which is specified as the standard reference temperature in ISO 1 [7].
Measurement of edge length

A Procedure

The procedure is as follows:

a) Put the length standard specimen on the flat surface with a 3-pin alignment.

b) Two comparators (e.g. dial gauges) are inserted into the specimen as shown in Figure 3.

c) A

djust the dial gauges to zero and remove the standard specimen.

d) Put the plate master on the flat surface with the same 3-pin alignment as given in item a).

e) Read four dial gauge values (L4, Ly, W4, W5) (see Figure 3).
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f) Calculate the CD edge length and MD edge length using Formula (1).

1 1
LMD=L+E(L1+L2)-LCD=W+E(W1+W2) (1)

NOTE W and L are the width and length of the standard specimen which represent the CD and MD edge lengths
respectively.

kg & vy kg k2 “y
A A

Key
kq=(
ka= (
k3= (
kq= (

4.2.

The

e Provide the measured CD and:MD edge lengths.

e Show the results in units(of 0,1 mm.

IEC

0J7 £ 0,05) x MD edge length
047 + 0,05) x CD edge length
0415 £ 0,05) x MD edge length
015 + 0,05) x CD edge length

Figure 3 — Measurement procedure of edge length

22 Report

neport should contain the following:

e Specify the accuracy ‘of the standard specimen and the repeatability of the measurgment

instrument.

e Specify the measurement temperature and temperature variation during the measurement.

4.2.
4.2.
The

a)

3 Edge-squareness [1][2]

3|1 Procedure

rocedure is as follows:

Put the squareness standard specimen on the flat surface with a 3-pin alignment.

b) Two comparators (e.g. dial gauges) are inserted into the specimen as shown in Figure 4.

c) Adjust the dial gauges to zero and remove the standard specimen.

d)
e)

f)

Put the plate master on the flat surface with a 3-pin alignment.
Read the two dial gauge values (S, S5).

Calculate the edge squareness (S) using Formula (2).

S= (2)
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y A

Ly 2y

A 4

e X

e g

-+ o
1
1

O O L) O

4.2.3
The 1
e P

e S
e S

in
e S
4.2.4
4.2.4

The
lengt
straig

reference of the plate ' master.

4.2.4
The f
a) S

,7 £ 0,05) x MD edge length
,15 £ 0,05) x MD edge length

Figure 4 — Measurement procedure of edge squareness

2 Report
eport should contain the following:

rovide the measured edge squareness.
how the results in units of 0,1°.

becify the accuracy of the standard specimen and the repeatability of the measurs
strument.

becify the measurement temperature_and temperature variation during the measurer
Measurement of edge straightness

1 General

bdge straightness shodld'be measured because the measurement accuracy of

n and edge squareness is affected by edge straightness. More generally
htness of the twosreference edges is important because they are used as the po

2 Procedure
rocedure”illustrated in Figure 5 is as follows:

et‘dp a comparator (e.g. dial gauge) in a linear guided stage system.

ment

nent.

edge
the
sition

b) Put the straightness standard specimen against the comparator in parallel with the motion

di

rection of the linear stage system.

c) Measure the value of the comparator (y;) at each x; position of the linear stage. The x; is

di

stributed equidistantly with the interval of Ax.

d) Remove the standard specimen.

e) Put the measured edge of the plate master against the comparator in parallel with the

m
f) M

otion direction of the linear stage system.
easure the value of the comparator (Ay;) at each x; position of the linear stage.

g) Calculate an approximation line (line of best fit using the least square method) of the edge
from the data Set Of {()C1, y1‘2'y1‘1),..., (xi, yi,2'yi,1)""( Xn, ynlz'yn,1)}.
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y=mx+b

h) Obtain the data set of the edge point deviation {Ay4, Ay,,..., y,}.

Ay, =y, —yy)—mx,—b (i=1,2,..,n)

i) Calculate the edge straightness.

St=P -7

2017

3)

(4)

(5)

here
is the highest peak among Ay;

is the deepest valley among Ay,

bpeat procedures b) to i) for the other edges.
3 Report
eport should contain the following:

rovide the measured edge straightness with the measurgment interval of Ax and the
easured length of (x, - x4).

how the results in units of 0,1 mm.

becify the accuracy of the standard specimen ‘@nd the repeatability of the measurs
strument.

becify the measurement temperature anddemperature variation during the measurer

<>

.
Yin
>
Xy
X.

i

< »

IEC

Figure 5 — Measurement procedure of edge straightness

total

ment

nent.

4.2.5

—_Thickness

4.2.5.1 Procedure

The procedure is as follows:

a) Place and clamp the thickness standard specimen on the flat surface: the edge length of
the thickness standard does not need to be equal to that of the plate master.

b) Locate a dial gauge L/2 away from the MD reference edge and W/2 away from the CD
reference edge to measure the z direction of the thickness standard.

c) A
d) P
e) R

djust the dial gauges to zero and remove the standard specimen.
lace and clamp the plate master on the flat surface with a 3-pin alignment.

ead the dial gauge value (7).
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NOTE The thickness variation will be handled in the measurement of the flatness.

4.2.5.2 Report

The report should contain the following:

4.3
4.3.1 Measuring instrument

The measuring instrument is a coordinate measuring machine:

a)

b)

4.3.2 Procedure

The grocedure is as follows:

a)

b)

c)
d)
f)

g)
h)

Provide the measured thickness value: T+ T (T: thickness of standard specimen).

Show the results in units of 0,1 mm.

Specify the accuracy of the standard specimen and the repeatability of the measurement
instrument.

S H 4 o + 4 £ a4t £ H~% A H o t
MOUITY T TTITCAoUTTITITTTTU TCTITYTTAtUTC dimfu iyt aturT T variativimh uuritry tuic Tmicaourt Ot en .

Procedure B

Accuracy of the measuring instrument

o| Less than 10 % of the tolerance specification of each.measurement term.[ The
specification is outside the scope of this document.

Clalibration

o [ Calibration should be carried out periodically in ac€ordance with the guidelines ¢f the
instrument manufacturer.

Measurement condition

e | It is recommended that the measurement-is carried out at the temperature of 20 °C
which is specified as the standard reference temperature in ISO 1 [7].

Place and clamp the plate master on the flat surface so that the CD reference edge is
parallel to the x-axis of the,CMM.

is| recommended that:the distance (k,) between the farthest two measured points on the
CpD edges be larger than half of the CD edge length, and that the distance (k) between

the farthest two.‘measured points on the MD edges be larger than half of the MD [edge
lejngth. To_measure the edge straightness, more than three points in each edge shodld be
measured.

Measure the edge positions of more than two points on each edge as shown in FigurING. It

Cplculate the line equations of four edges in the CMM coordinate by the least square
fit]ting.
Calculate squareness (S) using Formula (2) from two line equations of the reference edges.

Calculate the edge straightness using the method given in 4.2.4.
Calculate four vertices of the master plate in the CMM coordinate.
Calculate the CD edge length (Lsp) and the MD edge length (Ly,p) from three vertices.

Measure the height (Hp) of the plate master at center position: the center position can be

determined by procedures a) to f). The MD center line is determined by the two line
equations of the vertical edges and the CD center line is determined by the two line
equations of the horizontal edges. The center point is obtained by the cross point of the
two center lines.

Remove the plate master and measure the height (Hg) of flat plane at the same position
used in procedure h).
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j) Calculate the thickness of the master plate by subtracting Hg from Hp

Q P
0] <
v A ® -0
I o ©
[ E——

CMM coordinate
IEC

Figure 6 — Measurement locations for geometrical size of plate using CMM

4.3.3 Report
The report should contain the following:

rovide the measured CD edge length and MD edge length in_units of 0,1 mm.
rovide the measured edge squareness in units of 0,1°.

fovide the measured edge straightness in units of @A mm.

=
P
=
e Provide the measured thickness of the master platevin units of 0,01 mm.
Specify the accuracy of the measurement instrument.

S

pbecify the measurement temperature andemperature variation during the measurement.
5 Neasurement method for flatness of plate master substrate [4]

5.1 Measuring instrument
511 Method

Mechfanical or optical stylus‘measuring instrument.

5.1.2 Mechanical stylus measuring instrument
The mechanical/stylus measuring instrument is as follows:

e Shape-oftip: Sphere.
o Tipradius: To be agreed upon between user and supplier.

e Measuring force: To be agreed upon between user and supplier.

e Repeatability: Less than 10 % of the tolerance specification of the flatness.
51.3 Optical stylus measuring instrument
The optical stylus measuring instrument is as follows:

e Diameter of spotlight: To be agreed upon between user and supplier.

e Repeatability: Less than 10 % of the tolerance specification of the flatness.
5.1.4 Calibration

Calibration should be carried out periodically in accordance with the guidelines of the
instrument manufacturer.
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5.1.5

Environment control

Temperature control and acoustic/vibration isolation are to be provided as necessary to obtain
an artifact-free profile.

5.1.6

Measurement conditions

The measurement conditions are as follows:

e Target surface: The pattern surface of the master plate.

e Profile filter: To be agreed upon between user and supplier.

aced length: To be agreed upon between user and supplier.
ampling interval: To be agreed upon between user and supplier.

atness cut-off wavelength: To be agreed upon between user and supplier.

mperature of 20 °C which is specified as the standard reference temperature in 1ISO

The traced length, sampling interval and flatness cut-off length can be (yaried according to th
hce of the master plate.

Measurement location
neasurement location has the following characteristics:

least 5 lines parallel to CD reference edge. TheJlines are distributed equidistantl
ver the entire surface area of the plate master. Traced length is recommended
rger than 95 % of Lqp.

least 5 lines parallel to the MD reference edge. The lines are distributed equidis
d cover the entire surface area of the plate master. Traced length is recommended
rger than 95 % of Ly,p.

ne patterned area should be avoided.
Procedure
rocedure is as follows:
ut the plate master on the instrument with the constraining back surface of the plat

ave for 5 min of more to condition the plate master to room temperature.

ut the stylus.oh the plate master and measure a real profile parallel to two refe
iges by _tracing the surface: the measurement location is defined in the measurd
bndition,

pply.the filter using the flatness cut-off wavelength to the real profile and get the fla
ofile’ by removing the roughness component.

asurement temperature: It is recommended that the measurement belcarried out at the

1171.
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emove the plate master.

e) Repeat procedures b) to c) on the instrument plane on which the plate master is
constrained.

f) Calculate the compensated profiles of the plate master by subtracting the surface profile
of the reference plane from the surface profile.

g) C

alculate the profile parameters (R, R,, R.,5y) for each profile.

1 )& =
R, =|— ‘Z-—Z‘
a (N); i

(6)
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5 5
1
Ry =g(ZP,~+ZVi] (7)
i=1 i=1
Rax = P =17 (8)
where
Z; is the height of points (x,y) over a single profile,
i isfthe—numberof-measurements—na-singleprefile;
N is|the number of data points over a single profile,
P, i the it highest peak over the profile length,
v, is[the ith deepest valley over the profile length.
If thel reference plane is regarded as ideally flat, which means that all(pfofile parametgrs of
each|line in procedure f) are smaller than 10 % of the profile parameters of each line in
procgdure d), the procedures €) to f) can be omitted.
5.3 | Report
The report should contain the following:
a) Show the profile measurement results in pym“and round-off to a fraction of 0,5
(4ee Table 1).
Table 1 — Example of profile measurement results
Mleasured location R, Rmax R,
CD sfan #* ** um **um ** um
CD sfan #* **um **um **um
MD scan #* ** um **um ** um
b) Show the flatness«<measurement results in ym and round-off to a fraction of 0,5
(see Table 2).
Table 2 — Example of flatness measurement results
Ra Rmax RZ
Flatness *um ** um ** um
c) Specify the measurement instrument and measurement conditions
e Measurement instrument: Type of instrument, name of maker and model, tip radius,
and measuring force.
e Measurement condition: Profile filter, flatness cut-off length, measurement location,
traced length, sampling interval, measurement temperature and temperature variation

during measurement.

d) Provide the profile plot of each line.
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