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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PRINTED ELECTRONICS -

Part 302-1: Equipment - Inkjet — Imaging based
measurement of jetting speed

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 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.

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 technicalNcommittee 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 made 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;«ofconformity. 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 cettification 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 of.the publication, use of, or reliance upon, this IEC Publication or any oth
blications.

ention is drawntto.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, TEC shall not be held responsible for identifying any or all such patent rights.

ational Standard IEC 62899-302-1 has been prepared by Technical committee

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 Natjonal’Committee intdrested

non-
losely

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

htional
pm all

htional
pf IEC
br any

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

gence
hted in

ormity
br any

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

ge or
) and
br IEC

ons is

ject of

119:

o 1 froning
U CICUuuUliTivo.

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

FDIS Report on voting
119/168/FDIS 119/183/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.

IMPPDRTANT - The 'colour inside' logo on the cover page of this publication indicates
that| it contains colours which are considered to be) useful for the correct
understanding of its contents. Users should therefore\print this document using a
colqur printer.
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INTRODUCTION

Inkjet technology uses micro nozzles to precisely eject droplets. For printing, these droplets
are patterned on a substrate. Inkjet is a mature technology that has been used widely in home,
commercial, and industrial applications. When using inkjet technology, the volume of a droplet
can be controlled down to the tenth of a picoliter (pl). Furthermore, the droplet can be placed
onto the substrate with an accuracy of micrometers (um). Because of these features and
others, inkjet technology has emerged as one of the most powerful tools for patterning
electronic devices, medical dispensing, high precision industrial applications, and more. Inkjet
patterning for electronics is an additive process wherein the addition of multiple layers of the
pattern does not require the removal of any previously deposited material, unlike the
conventional photolithography process. Inkjet also reduces waste when used In [more
traditjonal printing applications and when it is used for dispensing. As a result," jnkjet
technology significantly reduces waste of what are often very expensive materials~and ig also
more(environmentally friendly.

As applications for inkjet broaden, a wider variety of jetting materials should be dispgnsed
precigsely from inkjet heads. For both new and traditional applications, droplet behaviour|from
the inkjet head should be measured properly to evaluate and control jetting behaviour. V|sion-
based measurement techniques are widely used in inkjet-based manufacturing systems, jsince
physical insight into jetting behaviour can be obtained from visual¥images. The droplet jetting
speedl and droplet volume are the most frequently measured jetting performance parameters
obtaiped from droplet images.

Using information obtained from vision-based measurement systems about inkjet droplet
formation and characteristics, developers can adjust)ink formulations and jetting parameters,
in order to improve performance.

Note| however, that the measured jet perfermance and evaluation may vary considgrably
accollding to the measurement method since there is no standard measurement procedure
available. It may be difficult for process engineers to judge the data sheets of jet performance
provigded by ink and inkjet head manufacturers since there are no fair test methods,| thus
causing potentially untrustworthy, results. Therefore, the purpose of this document [is to
provifle a standard inkjet measuremént method.
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PRINTED ELECTRONICS -

Part 302-1: Equipment - Inkjet — Imaging based
measurement of jetting speed

1 Scope

This |part of IEC 62899 specifies the method for determining inkjet drop speed based on
visualized droplet images obtained by a drop analysis system. This measurgment
standardization is limited to drop-on-demand-type of inkjet and is not applicable teycontinuous
inkjef. This document includes the test process, image processing software algorithm| and
analysis of jetting behavior.

2 Normative references

Therg are no normative references in this document.

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

ISO and IEC maintain terminological databases’for use in standardization at the follpwing
addrgsses:

e |HC Electropedia: available at http://www.electropedia.org/

e |40 Online browsing platform: available at http://www.iso.org/obp

3.1
inkjet printing
type |of printing in which a._digital image is created by propelling droplets of ink onto a
subsfrate

3.2
drop|analysis system
vision-based equipment that can both image and measure inkjet droplets

3.3
drop|speed
drapn-tao-travarca tl-\ dictaneca

d' t hoa A padad hay th o +i0n Hitolkaoo th a
IStafRee——EerHaea Ty e aimo It tanC S e UTop o aveTse e aurstartioT

3.4

drop delivery speed

total distance between the inkjet print-head nozzle plate and the substrate, divided by the
time interval between jet triggering and drop arrival

3.5
drop trajectory
drop’s direction of travel, often characterised as an angle relative to the nozzle plate

3.6

drop repeatability

droplet jetting behaviour whereby each drop ejected from the nozzle is the same as every
other


http://www.electropedia.org/
http://www.iso.org/obp
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Note 1 to entry: Drop repeatability is often visualized by displaying individual drops, one per frame, so the
characteristics of each can be compared and contrasted. It is quantified by measuring the standard deviation of the
drops.

3.7

drop trace

plot of droplet locations from sequential images to understand jetting behaviour including
ligament and satellites

3.8
single event imaging
method of capturing each drop image that represents a single jetting event

Note 1| to entry: Raw images of individual drops are in no way added or averaged to produce the final.imaggq.

3.9
multiple event imaging
methpd of capturing each drop image that represents an average or sum‘of ‘multiple jetting
evenis

Note 1| to entry: Raw images of individual drops are added or averaged to produce the final image.

3.10
singlle flash mode
LED or high power light that is flashed once per jetting event

Note 1| to entry: Single flash mode may be used with single- or multiple-event imaging.

3.11
doubfle flash mode
LED pr high power light that is quickly flashed’twice per jetting event, thereby capturing the
samg individual drop in two different locations within the camera field of view

Note 1 to entry: Double flash mode may be used with single or multiple event imaging.

3.12
sequential image
serie$ of jetting images starting from the jetting trigger signal to the time of interest

Note 1| to entry: Sequentiahimages can be obtained from the drop analysis system by increasing the triggef delay
of the flash with respect to jetting signal.

3.13
jetting speed-curve
jetting speed.pfot with respect to time, which is calculated from the drop trace

Note 1| te'entry: The information includes the relative jetting speed of the main droplet with respect to satellites.

4 Inkjet jetting speed measurement

4.1 General

Inkjet jetting speed shall be measured by using one of the following methods, unless there is
a user and supplier agreement. See Annex A for additional information on inkjet measurement
methods.

4.2 Process for measurement of drop delivery speed (method 1)

This process describes the measurement method for drop delivery speed from the time of the
jetting trigger to the time the drop reaches the target location.
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Commence printing with the desired specifications (frequency, ink selection, waveform,
etc.). It is recommended to record the jetting conditions, in addition to those described in
Clause A.6.

Specify the target stand-off distance S from the nozzle surface, which usually corresponds
to the distance between the nozzle surface and the substrate.

NOTE Stand-off distances between 0,3 mm and 2,5 mm are typical.

Determine the time (7) for the leading edge of the droplet to reach the target stand-off
distance by increasing the delay time of the strobe light flash. This process may be
performed automatically, or manually. The duration of the flash should not be greater than

a few hundred nanoseconds to avoid image blur of the droplet. The flash intensity should
b-_: fficiant ta A1~ dicoriomina Honhaoatwaoaaon thao dron odao and tha haclearaiind thout

StHeteRt—to—aow—eatsermhRateR—BetweeR—the CTTop—Cogtara—TT uuvl\uluuuu, W

hturating the image.

s
The drop delivery speed V can be calculated as:

V=" (1)

The calibration factor F (um/pixel) should be determined at the gptical magnification|used
by the drop analysis system to determine drop delivery speed (m/§) from Formula (1). The
bpttom locations of the droplet are used for the droplet location if the droplet has 4 long
ligament.

Process for measuring instantaneous jetting speed using single flash mode
(method 2)

This process describes the measurement method:-based on a single flash for instantaneous

jetting speed when the droplet reaches the targét\location.

3)

4)

5)

6)

7)

8)

Commence printing with the desired spgcifications (frequency, ink selection, waveform,
efc.). It is recommended to record jetting conditions, as described in Clause A.6.

Specify the target location. The target location (stand-off distance) usually correspords to
tHe location of the substrate media.

DTE Stand-off distances between!0,3 mm and 2,5 mm are typical.

N

Determine a starting trigger delay time (¢4) of the strobe light flash, at which the difop is
slightly above the target Tocation. The smaller the distance of the drop above the farget
Idcation, the smallerthe distance over which the average drop velocity will be calculaged.

h image is captured and analysed at trigger delay ¢, to determine P 4 and Py the

A
position of thetdroplet (center or leading edge) in the x and y directions, respectlvely
D

Jetermme the’ending trigger delay time (z,) of the strobe light flash, at which the dfop is
ightly below the target location. The smaller the distance of the drop below the lltarget
Idcation;the smaller the distance over which the average drop velocity will be calculaged.

Apnimage is captured and analysed at trigger delay ¢, to determine P, and Pya, the
position of the dropliet (center or teading edge) in the x and y directions, respectively-

The drop speed Vis calculated as:

= \/(PyZ _Py1)2 +(Px2 _Px1)2 (2)

th) —14

The calibration factor F (um/pixel) should be determined at the optical magnification used
by the drop analysis system to determine the instantaneous jetting speed (m/s) from
Formula (2). The bottom locations of the droplet are used for the droplet location if the
droplet has a long ligament. If A¢ is too short, the jetting speed error due to image quality
will be amplified. If A+ becomes large, a long-term average jetting speed is obtained
instead of the instantaneous jetting speed at the target location.
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4.4

Process for instantaneous jetting speed curve (method 3)

This process describes the measurement method for jetting speed curve.

1)

2)

3)

4)

5)

6)

7)

4.5

Commence printing with desired specifications (frequency, ink selection, waveform, etc.).
It is recommended to record the jetting conditions, in addition to those described in
Clause A.6.

Specify the target location. The target location (stand-off distance) usually corresponds to
the location of the substrate media.

NOTE Stand-off distances between 0,3 mm and 2,5 mm are typical.

Determine the final trigger delay time (7%) of the strobe light flash to identify the time when
the droplet is at the target location. If there are ligament and satellites, the final\tfigger
time should be long enough such that the ligament and satellites can reachthe farget
Idcation.

Ifcrease the trigger delay of the strobe light flash from zero to the pre-determined time (77%)
tq obtain the sequential image. The appropriate trigger delay increment can’be adjusied to
accommodate faster or slower drops, but 20 ys is typical.

Epch sequential image is processed to measure drop trajectory andyinstantaneous jetting
speed. Automatic image processing is recommended. From a binmary image converted from
algrey image, the maximum and minimum locations of the Al droplet in the y diregtion,
d
A

enoted as P?ax(td) and Pkmin(td), can be obtained (seeFigure A.5 and refer to Clause

4). The superscripts max and min denote the maximum and minimum locations in the
jgtting direction, respectively. The drop trajectory was updated by adding the calcylated

mjaximum and minimum locations of each droplef) P;nax(td) and Pkmin(td), respectively, to

the graph before acquiring the next sequentialtimage.

The instantaneous jetting speeds of each’ droplet, V:]ax(td) of the " droplet, cgn be

optained using the following relation:

- Lo WP oo

where Afd is the incremental time of trigger delay between the two consecutive images,
max

and Pk

locations of the..™ droplet during time duration Atd.

(td)—P:]aX(td—Atd) are the travel distance from the nozzle of the maxjmum

The calibration factor F (um/pixel) should be determined at the optical magnification|used
by the_drop analysis system to determine jetting speed (m/s) from Formula (3)] The
bpttom lecations of the droplet are used for the droplet location if the droplet has 4 long
ligament. If Afd is too short, the jetting speed error due to image quality will be amplified.
If TA7 becomes large, a long-term average jetting speed is obtained instead of the
instantaneous jetting speed at the target location.

Process for measurement of instantaneous jetting speed using double flash
(method 4)

This process describes the measurement method for instantaneous jetting speed using the
centroid of a single drop.

1)
2)

3)

Commence printing with the desired specifications (frequency, ink selection, waveform,
etc.). It is recommended to record the jetting conditions, as described in Clause A.6.

Specify the target location. The target location (stand-off distance) usually corresponds to
the location S where the substrate media is located.

Switch to “double flash mode”, in which the LED is flashed twice for each droplet, showing
the single drop in two different locations on the camera field of view.
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Determine the delay time (7p) between the two flashes of the LED, thereby moving the
two images of the same droplet closer and farther apart. The smaller the distance
between the images of the drop, the smaller the distance over which the average drop
velocity will be calculated. Commonly, this delay is determined so as to allow
approximately the width of one drop between the two images.

Determine a trigger delay time for the first strobe light flash, so that the two images of the
drop straddle the target location.

An image is captured and the centers of each of the two images of the single drop are
determined using automatic image processing (P4, P,y and P, Pyz).

The drop speed Vis given by:

V:\/(PyZ_Py1)2+(Px2_Px1)2 (4)

Ip =1

Cllibration factor F (um/pixel) should be determined at the optical maghification us¢éd by
the drop analysis system to determine jetting speed (m/s) from Formula (4). If Az is too
short, the jetting speed error due to image quality will be amplified."f Az becomes lafge, a
Igng-term average jetting speed is obtained instead of the instantaneous jetting speled at
the target location.
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Annex A
(informative)

Additional information on inkjet measurement methods

A.1 Vision-based measurement hardware

Figure A.1 shows an example drop analysis system that is typical of what is used in inkjet-
based manufacturing systems. By using a strobe light source (e.g. LED) synchronized with
the fifing signal droplet images appear to be frozen in the acquired CCD camera image As a
resulf, the image processing used to measure the ink droplet location and size 7¢gn be
relatiyely straightforward.

Visioh measurement systems have primarily been used to evaluate inkjet system ‘performance,
includling droplet speed and volume, drop repeatability, drop formation, andimere. Even when
using similar hardware and basic measurement concepts, however, the measurement rgsults
will differ significantly if the standard procedures are not used. These-measurement igsues
will be discussed in detail for better understanding of the need for standardization.

Inkjet
head Driver
|
CCD
camera : LED
o T F{lED
° driver

Waveform
Digital pulses generator

PG =———-J_|_I_|_|_|_|_|__J O_/—\i)
I ]

IEC

Figure A.1 — Vision measurement method

A.2 | Flash imaging

A.2.1 General

Therg ‘afe’ two major types of strobe (flash) imaging: single event imaging and multiple gvent
imaging.

A.2.2 Single event imaging

Single event imaging means that any displayed or analysed image is captured based on a
single firing pulse, with a single flash of the LED. Images are not formed by summing or
averaging multiple individual frames. In other words, any drop shown in an image is a single
individual drop, and not a compilation.

A.2.3 Multiple event imaging

Multiple event imaging means that any displayed or analysed image is captured using multiple
firing pulses, with several flashes of the LED. Images are formed by summing or averaging
multiple individual frames. In other words, any drop shown in an image is actually a
compilation of several drops.
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A.3 Analysis method 2 (instantaneous jetting speed using single flash)

Method 2 describes the measurement of the instantaneous jetting speed using a single flash.
For method 2, two images are captured of different droplets, triggered at delay times ¢, and #,
with respect to the jetting trigger signal (see Figure A.2).

Jetting trigger

!—;'- t4

|

!

| Strobe trigger
i (light)

IEC
Figure A.2 — Two different trigger delays forrtwo images

Jetting speed ¥ (m/s) can be calculated as:

V:\/(PyZ_Py1)2+(Px2_PX1)2 (A.1)
i3 —1

where P 4 and P, give the identified droplet center location in the y direction at 7y and 1,
respgctively, and P4 and P, give the identified droplet center location in the x direction at ¢,
and #p, as shown in Figure A.3.

IEC IEC

a) Image at 7, b) Image at s,

Figure A.3 — Jetting speed measurements using two images
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A.4 Analysis method 3 (instantaneous jetting speed curve)

Method 3 describes the measurement of the drop trajectory and instantaneous jetting speed
curve to measure jetting speed variation during drop formation.

For this purpose, each sequential image in Figure A.4 will be analysed to obtain the bottom
and top locations of droplets.

From a binary image converted from a grey image, the maximum and minimum locations of
the Ath droplet in the y direction, denoted as P («) and P (i), can be obtained as

showph in Figure A.4. The superscripts max and min denote the maximum and minjmum
locations in the jetting direction, respectively. The drop trajectory was updated by @adding the

calculated maximum and minimum locations of each droplet, P () and P;{nh(td),

respgctively, to the graph before acquiring the next sequential image as shewn in Figurg A.5
a). From the drop formation curve, the instantaneous jetting speed curve ¢an be obtaing¢d as
showh in Figure A.5 b) [1]1.

IEC

Figure A.4 — Droplet locations in a droplet image

1 Numbers in square brackets refer to the Bibliography.
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Figure A.5 — Drop formation measurement
From| the measured.¢urves shown in Figure A.5, the drop formation can be analysed as
follows:
1) Initial extrusion (from 30 us to 110 us): In phase 1, part of the droplet is extruded from the
npzzle: \During the jetting process of phase 1, the instantaneous jetting speed gf the
extrided part, V:nax(td), is significantly reduced from 4,0 m/s to 1,9 m/s. This effect{ may

2)

3)

be due to the viscoelasticity of the fluids, that is, the still-attached fluid at the nozzle may
pull back the extruded fluid from the nozzle before the fluid is pinched off from the nozzle.
Here, the time required for the pinch-off and the velocity profile prior to the pinch-off can
be used to evaluate the viscoelastic effect of ink on jetting.

Ink pinch-off and free flying of droplet (from 110 ps to 130 us): In phase 2, after pinch-off
at 110 us, the ink droplet is in a free-flying jetting state but still has a ligament. The

instantaneous jetting speed of the leading end, V?ax(td), was about 1,6 m/s to 1,8 m/s as

shown in Figure A.5 (b). The jetting speed variation in free-flying state was small
compared to the jetting speed variation in phase 1.

Satellite forming (from 130 us to 180 us): In phase 3, the single droplet is separated into a
spherical main droplet and a lengthy satellite with a ligament length of 120 um at 130 ps.
From the instantaneous jetting speed, the jetting speed of the satellite droplet was slightly
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4)

negative (-0,8 m/s) during the breakup process as shown in Figure A.5 b). Note that the
negative jetting speed resulted from the speed measurement at the leading end of the
droplet. If the speed is measured at the centroid of the droplet in the jetting direction, the
jetting speed could be positive. The jetting speed variation of the satellites during the
breakup is also related to jetting conditions such as jetting material properties and driving
waveform. The satellite ligament length can be determined from the difference in distance
between P (i) and P (). The length of the satellite ligament decreased since the
tail end of the satellite ligament was faster than the leading end.

Drop formation finish (from 180 us): In phase 4, at 180 us, the satellite droplet became
spherical, whereupon the jetting speed of the satellite increased significantly (from
-0, 8 m/s To 2 m/s). Then, the jefling speeds of boih spherical droplefs tended {o be
constant until the two droplets merged into a single droplet.

In this example, slow jetting speed was used for the easy explanation. However; the method
is extended to higher jetting speed of more than 6 m/s because most printed electronics
applitations require higher jetting speed where there are more satellites in_practice.-For [more
information on the measurement techniques and the analysis, a published paper [2] can be

referded to.

A.5

Analysis method 4 (instantaneous jetting speed using double flash)

Method 4 describes the measurement of instantaneous jetting speed using a double flash. For
methpd 4, two images (see Figure A.7) are captured of/thé’same individual droplet, triggered

at delay times ¢4 and ¢, with respect to the jetting triggénsignal (see Figure A.6) [3] [2].

Jetting speed-V/ (m/s) can be calculated as:

Jetting trigger

2., for strobe light

1

|

it

— Double trigger
|

I

i

i

IEC

Figure A.6 — Double flash using single jetting trigger

N2

[( 2/
_ \I\IJ)Z _[Jy1) 2 = 1)

(A.2)
o) —14

where P 4 and P, give the identified droplet center location in the y direction at 7y and 1,
respectively, and P4 and P, give the identified droplet center location in the x direction at ¢,
and t,.
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