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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)js to p
ernational co-operation on all questions concerning standardization in the electrical andjelectronic fie
end and in addition to other activities, IEC publishes International Standards, Te€hnical Specific
Chnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter yreferred to as
blication(s)"). Their preparation is entrusted to technical committees; any IEC Natiogal Committee inte
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
h the International Organization for Standardization (ISO) in accordancé- with conditions determin
eement between the two organizations.

e formal decisions or agreements of IEC on technical matters expressy/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 intepnational use and are accepted by IEC N
Immittees in that sense. While all reasonable efforts aresmade 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.

order to promote international uniformity, IEC National Committees undertake to apply IEC Publig
hsparently to the maximum extent possible jn(their national and regional publications. Any dive
ween any IEC Publication and the corresponding national or regional publication shall be clearly indic
latter.

S

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 committees 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 ©f\the publication, use of, or reliance upon, this IEC Publication or any oth
blications.

ention is drawn te‘the Normative 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 sub
ent rights. IEC shall not be held responsible for identifying any or all such patent rights.
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ational Standard |EC 62899-301-2 has been prepared by IEC technical comn

hittee

TC119: Printed electronics.

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

FDIS Report on voting
119/178/FDIS 119/187/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.
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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 "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.

that | it contains colours which are considered to be useful for the coilrect
undefrstanding of its contents. Users should therefore print-this document using a
colour printer.

IMPQRTANT - The 'colour inside’' logo on the cover page of this publication indic:[ates
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INTRODUCTION

When dissecting the term "printed electronics"”, it can be easily understood that this industry
involves electronic devices and products that are made using some fashion 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 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 human to process using eyes while printed electronics requires machine to
procgss elecfronic information; the level of required resolution and funciionality makg the
differences. Some of the widely used functional materials for printed electronics are; but not
limited to nano- or micro-size metal particles, semiconductive polymers, and\ dielectric
matefials. Due to the available and required readout resolution, small feature .size ﬂ)elow
20 um needs to be printed. Layer thickness and registration accuracy of printed“products are
close]y related to quality control of electronic devices, and ink materials reguire a high leyel of
qualify. Overall, printing tolerance is much smaller in printed electronics,

There are mainly two categories in printing process for the printed‘electronics. One is a| non-
contgct printing process such as inkjet printing and electrostatic’discharge (ESD) printing
procgss. The other is a contact printing process such as gravure printing, gravure offset
printing, reverse offset printing and screen printing. This docdment provides a proposhpl for
meaguring and assessing the printing master, therefore the scope is limited to the printing
procgss using the printing master.

The quality of the printing master is important because the ink is transferred from the prjnting
master to the substrate directly in these processés and it means that the quality of the results
of the printed circuit depends on the quality ofithe printing master. For a mass production of
the printed electronic devices, many companies such as device manufacturers, prjnting
master manufacturers and printing mastér manufacturing equipment vendors are related to
manufacturing and they need to use the’printing master and the standardized measurgment
and gssessment methods.
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PRINTED ELECTRONICS -

Part 301-2: Equipment — Contact printing — Rigid master —
Measurement method of plate master pattern dimension

1 Scope

This
dime

Geng
plate

specification for the registration mark for the plate master is specified:” Then, cor
logy procedures to measure the critical dimensions and the registration accuracy ¢f the

metrd
plate
printi
mea
mea

2 N

Therg

3 Terms and definitions

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

ISO 4
addrg

3.1
plate|
devic]

Note 1

part of IEC 62899 defines measurement terms and methods related to thesc
nsion of features and the registration accuracy of features on rigid plate masters!

ral critical dimensions are defined to evaluate the shape accuracy of features o
master. To evaluate the registration accuracy of features on the plaie mastel

master are established for device manufacturers, printing master manufacturers
ng master manufacturing equipment vendors. The measurement terms which
ured by agreement between the user and the supplier*~are measured using
urement methods given in this document.

ormative references

are no normative references in this document.

Sses:

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

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

master
e that carries the image to be printed

teentry: The image on the plate may be raised above the surface (relief) or may be carved ir]

b

ritical

n the
, the
nmon

and
are
the

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

to the

surfac

3.2

machine direction

MD

direction in which the stock flows

3.3
CcD

cross direction
direction at right angles to the machine direction of a substrate

3.4
patte

rn edge detection method

method for determining the edge position of a given pattern by a computer algorithm


http://www.electropedia.org/
http://www.iso.org/obp
https://iecnorm.com/api/?name=e1958e37059e7e30706d32a616aeb30e

-8 - IEC 62899-301-2:2017 © IEC 2017

3.5

feature

region within a single continuous boundary that is distinct from the region outside the
boundary

Note 1 to entry The feature is called "CD feature" if the length of the feature is aligned with the cross direction
while the feature is printed.

Note 2 to entry The feature is called "MD feature" if the length of the feature is aligned with the machine direction
while the feature is printed.

3.6
nomimatfeature
intengded or designed feature

3.7
actudl feature
manyfactured feature on the master plate

3.8
critidal dimension
dimension of the geometrical features (width of interconnected lines, contacts, trenches) etc.)
which} can be formed during electronic device/circuit manufacturing and can be of interejst for
further qualification

3.9
1-D dualification features
features which can be qualified by single directional parameters

3.9.1
feature width
width| of feature which will be printed on the substrate

Note 1) to entry Generally, feature width is.measured for the line and space pattern. It can be expressed by line
width ¢r space width.

3.9.2
pitch
centrpid-to-centroid distance between two repeatedly placed features

3.9.3
line edge roughness
LER
perpendicutar point-to-point deviation of the feature's edge from the linear fitted feature gdge

3.9.4
line width roughness

LWR

deviation of the point-to-point line width from the average width of the specified line width

3.10
2-D qualification feature
feature that is qualified by area-based qualification parameters

3.10.1
contact
rectangular feature whose length-to-width ratio ranges from 0,5 to 2
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3.10.2
line-end shortening
deviation of the actual feature from the nominal feature at the nominal line-end

3.10.3
corner rounding
deviation of an actual feature corner from the nominal one

3.10.4
area gain
area in the actual feature contour outside the nominal feature contour

3.10.p
area |loss
area putside the actual feature but still inside the nominal feature

3.10.p
area [difference
featufre area gain minus feature area loss

3.10.f
area deviation
sum of the values of the feature area gain and the feature area loss

3.1
cross-sectional qualification feature
feature which can be qualified by cross-sectional.qualification parameters

3111
feature height
feature depth
dimension of feature perpendicular te reference plane

3.11.2
feature model
solid |geometrical shape, with well-defined parameters (e.g. length, width, height, cenftroid,
etc), meant to approximate the actual shape of a feature boundary

3.11.8
reference plane
plang which.is approximating the un-patterned surface on the master plate

3.12
regisitration accuracy
deviation of the measured feature position from the nominal feature position

3.121

registration accuracy of the reference marks relative to the reference edges

deviation of the measured feature position of the reference registration marks relative to
reference edges from their nominal feature position

3.12.2
reference registration marks
registration marks whose distance from two reference edges is measured

3.12.3
reference edges
two edges adjacent to the orientation corner
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3.12.4

orientation corner

asymmetric orientation corner specified for the purpose of mechanical orientation
operator’s visual confirmation of plate orientation

4 Coordinate system [1] 1

and

The coordinate system xyz for this document is defined in Figure 1. It is defined with the
patterned mask side upwards. Cross direction is aligned with the x axis, and machine
direction is aligned with the y axis The z axis is the direction perpendicular to the xy plane; =z

H a—atrafa na (OO o tonl ar o liaotion onanifia
IS Zeho—atfretrerenece HIGIIU ahG \./w, ‘y, \v,v, IS tOUT O appPicatUTT SP T oot

Featyres are called "CD features" when their length is along x, and feature width is
measured in y. The length of MD features is along y, and their feature width is measureg
The registration accuracy is expressed with this coordinate system.

Reference
plane

Features

IEC

Figure 1 — Coordinate system-for measuring patterns on the plate master

5 1-D qualification features-[1]

5.1 Measurement instrument
The measurement instcument is as follows.

— Microscope or-measurement instrument with sufficient resolution:
o | repeatability: less than 10 % of the tolerance specification of the width;

o [ accuracy: less than 10 % of the tolerance specification of the width;

guidelines of the instrument manufacturer.

then
in x.

o | “cdlibration: Calibration should be carried out periodically in accordance with the

— Measurement temperature: 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
5.2 Feature types
The feature types are as follows:

— feature width and pitch;
— line edge roughness (LER) and line width roughness (LWR).

1 Numbers in square brackets refer to the Bibliography.

1.
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5.3

Pattern edge detection method

There are several methods, such as the threshold method, the linear approximation method,
and the curve fitting method for determining the edge position automatically from the obtained
image. The method can be determined by the customer/vendor agreement. The pattern edge
detection method and its parameter settings should be specified in the report as they affect
the measurement results.

To enhance measurement accuracy, the measured feature width should be compared with the
cross-sectional measurement result. This is because the feature width is different due to the
distance from the reference plane. The measured feature width can be adjusted by modifying

the e

5.4
5.4.1

ot I ool
JHU UtTiTuuuIT T uruyu.

Feature width and pitch

Procedure

The grocedure is as follows.

1) A
2) A

3) D
S

4) A

cquire the two-dimensional signal intensity distribution of thejline pattern.

efine the measurement area by determining the length™of the evaluation interval (
hown in Figure 2.

Line #i—1 Line #i

.
(

Evaluation interval

IEC

Figure 2 — Evaluation example of feature width and pitch

ign the sample so that the line pattern is approximately perpendicular to the x axig.
tHe convenience of explanation, the x axis is selected and the y-axis can be applicabl

For

W

verage the signal intensity in the y axis for the whole evaluation interval.

1w= [ 10

(1)

5) Calculate the left and right edge positions (x| ;, xg ;) from the signal intensity distribution

I

(x). The subscript L and R indicate the left edge and right edge, respectively.

subscript i refers to the line number.

The

6) Calculate the distance between the left and right edge point for obtaining the feature width

(w):

W=XR; — XL

(2)
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7) Calculate the distance between the centroids of two adjacent lines to obtain the pitch (p):

5.4.2

XL YR XL T YR

2 2

Report

The report should contain the following.

5)

6)

3)

Provide the measured feature width in units of 0,1 ym and specify the measurement
location of features on the master plate and the length of the evaluation interval.

S

S
S
p

pecify the measurement instrument.
pecify the pattern edge detection method and its parameter settings.

rovide the acquired image for the measurement.
Line edge roughness (LER) and line width roughness (LWR)
Procedure

rocedure is as follows.

ign the sample so that the line pattern is approximately perpendicular to the x-axis.
cquire the two-dimensional signal intensity distribUtion of the line pattern.
efine the measurement area by determining the length of the evaluation interv
hown in Figure 2.
verage the signal intensity in the y-axis<and construct » averaging intervals of |
jual to Ay.

yk+Ay/2

" k
1) = [ 1oy
y/‘—Ay/Z

alculate the left and right edge positions (x, *, xg /) from the signal intensity distrig
‘(x,y¥). The subscript-L and R indicate the left edge and right edge, respectively
ibscript i refers(to the line number and the superscript & indicates the kth aver
terval in the y axis in item 4).

alculate the LER of left edge in line number ;.

datasset of {(x_;".y4), (x_; 2.v2)s-s (xL; ™ y)b-

pbecify the measurement temperature and temperature variation during measurement.

al as

bngth

(4)

ution
The

aging

Obtain.an approximation line (line of best fit using the least square method) from the

X=my+b

b) Obtain the data set of the edge point deviation {Ax4;, Axy;,...,Ax,;}.

Axll_“l. = xll_‘,l. —myy, —b(k = 1,2...,n)

c) Calculate the LER.

(®)

(6)

(7)
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d) The LER of other edges can be measured by applying the above procedure of 6) a) to

C).

7) Calculate the LWR of line number i.
a) Calculate the data set of averaged widths (w;) from the left and right edge positions

(XL,ik’ xR,ik)'

b) Calculate LWR.

5.5.2

The 1

)

|
T 0O 0 »

5.6

To e
shoul
plate
to be
custo

6.1

The n

Report
eport should contain the following.

rovide the measured LER and LWR in units of 0,01 ym and-specify the measurg
cation of features on the master plate, the length of evaluationiinterval and Ay.

pecify the measurement instrument.
pbecify the pattern edge detection method and its parameter settings.
becify the measurement temperature and temperature variation.

rovide the acquired image for the measurement.
Discussion

aluate the accuracy of the feature shape on the plate master, features of several
d be qualified and the uniformity-of;,qualification parameters over the whole area o
master should be tested by repeatedly measuring the same sized feature. The feg
measured and the measuremeént locations of each type of feature can be determin
mer/vendor agreement.

-D qualification features [2]

Measurement instrument
neasuremént instrument is as follows

icroscope or measurement instrument with sufficient resolution

the measurement instrument can convert the interested area of drawing files g

(8)

(9)

ment

sizes
n the
tures
ed by

f the

AlatA mactar carinbh A Ay A A ~Ae Tt oA £ arinh o ine e ~AnA $iff

while

7 ac o
ProtC oot outT oo Owy ot guo;, o mhago e o ouTTTao Py, TP arta T

matching the pixel resolution of its measured image of patterns;
repeatability: less than 10 % of the tolerance specification of the area;

accuracy: less than 10 % of the tolerance specification of the area;

calibration: calibration should be carried out periodically in accordance with the

guidelines of the instrument manufacturer.

— Measurement temperature: 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.

6.2

Pattern edge detection method

There are several methods, such as the threshold method, the linear approximation method,
and the curve fitting method for determining the edge position automatically from the obtained
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image. The pattern edge detection method and its parameter settings should be specified in
the report because they affect the measurement results.

6.3

Image alignment

For the 2-D qualification of features, the measured image should be aligned with the nominal
image of the same area. The alignment of two images can be done by the following methods.
The method can be determined by customer/vendor agreement. The area based method is
recommended. The method used for image alignment should be specified in the report.

6.4

The feature types are as follows:

The pgrocedure is as follows.

A

contact;
corner rounding;
ine-end shortening.

Align the sample so that the array of contacts is distributed in rectangular lattice with
image as shown in Figure 3.

A
D
C
Align the binary image with the nominal image (see 6.3).
D
3
b
C

Center-of-gravity (COG) method: the COG of actual and nominal features is superimposed.

bminal features is minimized.

Feature types

Contact

Procedure

cquire the two-dimensional signal intensity distribution of the pattern.
efine the feature contour by\the pattern edge detection method.
onvert the acquired image-into the binary image by using the feature contour in item

efine the measurement area by determining a region of interest (ROI) as shown in H

b interfered«with by other contacts in which there is no interest.
alculatecthe area gain, area loss, area difference and area deviation.

fea based image correlation method: the absolute feature area befween the actudl and

Line-edge based method: the distance between multiple actual and nominal “edges is
mfinimized.

n the

3).

igure

The ROl is selected to contain the whole area of an interested single contact and fot to
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shape
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Figure 3 — 2-D qualification of cont%‘t hole or dot

Report QOQ
N
O

eport should contain the following. g\

rovide the measured area gain, area I@Q,area difference and area deviation in un
1 um2 and specify the measuremeni@acation of the features on the master plate.

pbecify the measurement instrume&‘.

pecify the pattern edge det t’ibq method and its parameter settings.

pbecify the image alignment-method.

pecify the measuremen emperature and temperature variation during measurement.
rovide the acquj image and the aligned image with the nominal image fo

easurement. C)
ing

Cornerr &I
@ure

its of

r the

P
r@\@ ure is as follows.

1) Align the sample so that the CD features are aligned in parallel with the horizontal
direction in the image.

2) Acquire the two-dimensional signal intensity distribution of the pattern.

3) D

efine the feature contour by the pattern edge detection method.

4) Convert the acquired image into the binary image by using the feature contour in item 3).

5) A

lign the binary image with the nominal image (see 6.3).

6) Define the measurement area by determining a region of interest (ROI) as shown in
Figure 4.

7) C

alculate the area gain, area loss, area difference and area deviation.


https://iecnorm.com/api/?name=e1958e37059e7e30706d32a616aeb30e

2017

-16 - IEC 62899-301-2:2017 © IEC
Region of interest
Designed
X\
x
oV
Q
Manufacturedfb
shape
%)
W
% IEC
Figure 4 — 2-D qualification of corne@unding
6.6.2| Report Q<< O
The report should contain the following. \\Q
— Provide the measured area gain, area loss ‘& a difference and area deviation in un
0/1 ym2 and specify the measurement | on of features on the master plate.

6.7

6.7.1
The (
1) A

pecify the measurement instrumem‘®$
becify the pattern edge detection\§r\1ethod and its parameter settings.
becify the image alignment{rﬂf od.

pecify the measuremen tqg-fperature and temperature variation during measurement.

r'ovide the acquired image and the aligned image with the nominal image fo
easurement.

Line-end sh&t&ning

Proc e

roc@e is as follows.

its of

r the

ontal

i the sample so that the CD features are aligned in parallel with the horiz

d

rection in the image.

2) Acquire the two-dimensional signal intensity distribution of the pattern.

3) D

efine the feature contour by the pattern edge detection method.

4) Convert the acquired image into the binary image by using the feature contour in item 3).

5) A

lign the binary image with the nominal image (see 6.3).

6) Define the measurement area by determining a region of interest (ROI) as shown in
Figure 5.

7) C

alculate the area gain, area loss, area difference and area deviation.
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\ l/\/interest
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Figure 5 — 2D qualification of line-end shortening (19
6.7.2| Report N’
‘bQ

The report should contain the following. Cb/
— Provide measured area gain, area loss, area difference and Ca deviation in unjts of

01 um2 and specify the measurement location of the featurec)ga the master plate.
— Specify the measurement instrument. \Q/
— Specify the pattern edge detection method and its pza ter settings.
— Specify the image alignment method.
— Specify the measurement temperature and te eQature variation during the measurement.
— Provide the acquired image for the measurerﬁ\‘g\t.

%

6.8 | Discussion \\,Q

To evaluate the accuracy of the featuregshape on the plate master, features of several |sizes
and fypes should be qualified and uniformity of the qualification parameters shou|d be
also fested by repeatedly meas H\thhe same type of feature over the whole area op the
plate|master. The features to. easured and the measurement locations of each type of
featufe can be determined b@stomer/vendor agreement.

.

Pattern alignment aff he obtained qualification parameters. It is recommended that the
featufes that can e vely constrain the x and y axes for the image alignment shoutlld be
he 2-

included within the . images obtained for the 2-D qualification to enhance the accuracy of
D qualification Qﬁ&tures.

Corner r ing and line-end shortening are affected by the error of the line width gf the
feature Figures 5 and 6). To eliminate this effect, the difference of the line width can be
corregted as shown in Figures 7 and 8. The customer and vendor should agree on thether
the correction will be applied or not.
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Figure 6 — Effect of 1-D parameter such as line
Corrected
area
Area
loss

\/\l Corrected
) C\){‘ area IEC

Figure 7 — Ex ’ple of 1-D effect correction by reducing the line width

Area
loss
\/\/ Corrected
area
IEC

Figure 8 — Example of 1-D effect correction by enlarging the line width


https://iecnorm.com/api/?name=e1958e37059e7e30706d32a616aeb30e

IEC 62899-301-2:2017 © |IEC 2017 -19 -
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71 Measurement instrument
The measurement instrument is as follows.

— Measurement system:
e optical stylus based measurement instrument such as a confocal scanning microscope;

e mechanical stylus based measurement instrument such as an atomic force microscope
(AFM).

— Reppeatability:

o | lateral (XY) repeatability: less than 10 % of the smallest line-width in cragss*sgction
area;

o [ axial (Z) repeatability: less than 10 % of the depth of cross-section profile:
— Agcuracy;

o | lateral (XY) accuracy: less than 10 % of the smallest line-width ineross-section anea;
e [ axial (Z) accuracy: less than 10 % of the depth of cross-section profile.

— Calibration: calibration should be carried out periodically in accordance with the guideglines
off the instrument manufacturer.

— Measurement temperature: it is recommended that themheasurement is carried out at the
temperature of 20 °C which is specified as the standard reference temperature in ISO| 1.

7.2 | Feature types
The feature types are as follows:

— cross-sectional area;

— feature height.

7.3 | Cross-sectional area and feature height [3]
7.3.1 Procedure

The procedure is as follows.

1)

ign the sample-so’/that the MD features are aligned in parallel with the vertical dirgction
n the image.

2)

A

o}

Arquire the(three-dimensional height distribution of the pattern.

3) Apjust the-acquired height distribution so that the measured height distribution of the un-
p
0

htterned surface is parallel to the xy plane of the coordinate system on the plate master.

4) Optain the cross-sectional height profile at the pre-defined measurement location fro the
acquired three-dimensional height distribution. To reduce the noise effect, the height
profile can be averaged for the evaluation length. If the evaluation length is set to zero,

the cross-sectional height profile is obtained without averaging (see Figures 9 and 10).
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X\

Figure 9 — 3-D height distribution

| b | Reference plane ,(1/’

| N

IEC
\‘\Q)

Figure 10 — Cr@-sectional height profile

N\
5) Optain the best-fit feature mode6ﬂ§m the measured cross-sectional height profile.

6)

7)

N

sq
le
to

C

N

lection of the feature model is- ndent on the actual cross-sectional shape of the features. The ch
t to the user. The more com
the features.

DTE There are several types fséature models such as rectangular, trapezoidal and hemispher
e model, the more degrees of freedom are available to better fit the

alculate the residu@r’ror of the measured profile (R,,) from the best-fit feature mod
O

W ¥
Ry = == | (h(x) = f(x))-dx

S k

)T x) is the measured cross-sectional height profile and f(x) is the best-fit feature model.

C

araca-captianal aud—th faot: baiaht frons th bhaocotfit £

b. The
bice is
model

14

(10)

odel.

Po% 1
ClIUuIClI.U are vivoo™oouuilivirial ClIUCl Clllu ure IUGLUIU Ilclylll murm uare vootTrmit IUGII.UIU II

Most features on the plate master can be suited to the trapezoidal feature model. In the

tr

apezoidal feature model,

the height is defined as 4 and the cross-sectional area is

defined with the following Equation (11). In addition, two side wall angles (a B), top width
(b) and bottom width (a) can be determined (see Figure 11).

A=(a+b)-h/2

where

A

is the cross-sectional area.

(11)
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a
IEC

Figure 11 — Trapezoidal feature model

The ¢ross-sectional profile and its parameters of the relief patterns can besmeasured pusing
the same procedures mentioned above as shown in Figure 12 if the ROI is’ selected to cgntain
the relief.

Reference plane

Fitted

%]
feature m@

IEC
Figure’12 — Measurement of the relief pattern

7.3.2 Report

The report should-contain the following.

— Pfovide cross-sectional area in units of 0,1 um?2 and feature height in units of 0,01 ym and

specify the measurement location of the feature on the master plate, the evaluation Igngth,
the <applied feature model and the residual error of the feature model (Rh). If the
trww i it i idth

and bottom width are combined in the report.

— Specify the measurement instrument.

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

— Provide the acquired three-dimensional height distribution and the cross-sectional height
profile for the measurement by overlapping the best-fit feature model.

7.4 Discussion

To evaluate the accuracy of the feature shape on the plate master, the features of several
sizes and types should be qualified and the uniformity of the qualification parameters should
be tested by measuring the same type of feature repeatedly over the whole area on the plate
master. The features to be measured and the measurement locations of each type of feature
can be determined by customer/vendor agreement.
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8 Registration accuracy

8.1

Measurement instrument

The measurement instrument is as follows.

— Microscope or measurement instrument with sufficient resolution equipped with a precision
stage system:

acquire the images of the registration marks with the movement of the precision stage;

the posmon of the registration marks can be obtained by adding the position of the

- C
of

- M
te

8.2
8.2.1

The s

pi

-7
T

8.2.2

The ¢

pecification is as follows.

uidelines are as follows.

- T

hesshape of the mark shall be in the form of a cross or round (see Figure 13).

nnnnnnnnnn taaa ot wbhicoh tha oo~ 1o anaiend ndthao nocitio of tha racict atlon
PTCCToTOTT—otagC—at winCr e mrragC—Tro—atqummTt ahRea—the PVUILI\JII Ot C—TCgTot

mark in the obtained image in the coordinate system given in Clause 4.

icroscope:
resolution: less than 10 % of the smallest line width of the defined registration mark. A
higher resolution is preferred;
field of view: larger than the length of registration mark.

recision stage:

repeatability: less than 10 % of the specification of the registration accuracy;

accuracy: less than 10% of the specification of the registration accuracy.

blibration: calibration should be carried out periodically.in”accordance with the guidelines
the instrument manufacturer.

feasurement temperature: it is recommended that the measurement is carried out at the
mperature of 20 °C which is specified as the standard reference temperature in ISO[1.

Specification for registration marks for the plate master [4]

Overview

The complete specification for this registration mark is to be agreed upon by the gircuit
designer, plate master makefr,'and the plate master user.
T

nis mark is not intended/to be used for the determination of the overlay accuracy of a
inted layer of a plate.to any subsequent printed layers on the same substrate.

nis specification.is)a recommendation for an easy application of the registration marks.
he vendor and eustomer can define their practical registration marks.

Guidelines for shape and sizes of registration mark

— Mark of the "cross" form (see Figure 11):

the area of the intersection of the horizontal and vertical lines shall be "user defined";
the width of both the horizontal and vertical lines shall be equal;
the length of both the horizontal and vertical lines shall be equal;

any of the four quadrants created on the outside of the cross shall be defined as "no-
man’s land" and shall not have any geometry or marks placed within them;

the width and length of the horizontal and vertical lines vary due to the plate
manufacturing procedure and the registration measurement system as shown
in Table 1.
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