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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
PRINTED ELECTRONICS –  

 
Part 302-1: Equipment – Inkjet – Imaging based  

measurement of jetting speed 
 

FOREWORD 
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 
agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 
the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

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

International Standard IEC 62899-302-1 has been prepared by Technical committee 119: 
Printed electronics. 

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  

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 

 

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

 

IMPORTANT – 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 
colour 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 (µm). 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 
traditional printing applications and when it is used for dispensing. As a result, inkjet 
technology significantly reduces waste of what are often very expensive materials and is also 
more environmentally friendly. 

As applications for inkjet broaden, a wider variety of jetting materials should be dispensed 
precisely 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. Vision-
based measurement techniques are widely used in inkjet-based manufacturing systems, since 
physical insight into jetting behaviour can be obtained from visual images. The droplet jetting 
speed and droplet volume are the most frequently measured jetting performance parameters 
obtained 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 performance and evaluation may vary considerably 
according 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 
provided 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 
provide a standard inkjet measurement 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 measurement 
standardization is limited to drop-on-demand-type of inkjet and is not applicable to continuous 
inkjet. This document includes the test process, image processing software algorithm, and 
analysis of jetting behavior. 

2 Normative references 

There are no normative references in this document. 

3 Terms 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 following 
addresses: 

• IEC Electropedia: available at http://www.electropedia.org/ 

• ISO 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 
substrate 

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

3.3  
drop speed 
distance divided by the time it takes the drop to traverse the distance 

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 
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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 image. 

3.9  
multiple event imaging 
method of capturing each drop image that represents an average or sum of multiple jetting 
events 

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

3.10  
single 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  
double flash mode 
LED or high power light that is quickly flashed twice per jetting event, thereby capturing the 
same 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 
series of jetting images starting from the jetting trigger signal to the time of interest 

Note 1 to entry: Sequential images can be obtained from the drop analysis system by increasing the trigger delay 
of the flash with respect to jetting signal.  

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

Note 1 to 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.  

iTeh STANDARD PREVIEW
(standards.iteh.ai)

IEC 62899-302-1:2017
https://standards.iteh.ai/catalog/standards/sist/ffd27cdb-fc84-479a-b877-

56485a328c6d/iec-62899-302-1-2017



 – 8 – IEC 62899-302-1:2017  IEC 2017 

1) 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. 

2) 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. 

3) Determine the time (T) 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 
be sufficient to allow discrimination between the drop edge and the background, without 
saturating the image. 

4) The drop delivery speed V can be calculated as: 

 
T
SV =  (1) 

5) The calibration factor F (µm/pixel) should be determined at the optical magnification used 
by the drop analysis system to determine drop delivery speed (m/s) from Formula (1). The 
bottom locations of the droplet are used for the droplet location if the droplet has a long 
ligament.  

4.3 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 target location.  

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

2) 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. 

3) Determine a starting trigger delay time (t1) of the strobe light flash, at which the drop is 
slightly above the target location. The smaller the distance of the drop above the target 
location, the smaller the distance over which the average drop velocity will be calculated. 

4) An image is captured and analysed at trigger delay t1 to determine Px1 and Py1, the 
position of the droplet (center or leading edge) in the x and y directions, respectively. 

5) Determine the ending trigger delay time (t2) of the strobe light flash, at which the drop is 
slightly below the target location. The smaller the distance of the drop below the target 
location, the smaller the distance over which the average drop velocity will be calculated. 

6) An image is captured and analysed at trigger delay t2 to determine Px2 and Py2, the 
position of the droplet (center or leading edge) in the x and y directions, respectively. 

7) The drop speed V  is calculated as:  

 
( ) ( )

12

22
1212

tt

PPPP
V

xxyy

−

−+−
=  (2) 

8) The calibration factor F (µm/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 ∆t is too short, the jetting speed error due to image quality 
will be amplified. If ∆t 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) 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. 

2) 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. 

3) Determine the final trigger delay time (Tf) 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 trigger 
time should be long enough such that the ligament and satellites can reach the target 
location. 

4) Increase the trigger delay of the strobe light flash from zero to the pre-determined time (Tf) 
to obtain the sequential image. The appropriate trigger delay increment can be adjusted to 
accommodate faster or slower drops, but 20 µs is typical. 

5) Each sequential image is processed to measure drop trajectory and instantaneous jetting 
speed. Automatic image processing is recommended. From a binary image converted from 
a grey image, the maximum and minimum locations of the k th droplet in the y direction, 

denoted as ( )d
max tPk  and ( )d

min tPk , can be obtained (see Figure A.5 and refer to Clause 

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

maximum and minimum locations of each droplet, ( )d
max tPk  and ( )d

min tPk , respectively, to 

the graph before acquiring the next sequential image. 

6) The instantaneous jetting speeds of each droplet, ( )d
max tV k

 of the kth droplet, can be 

obtained using the following relation: 

 ( )
( ) ( )

d

dd
max

d
max

d
max

t

ttt
t PPV kk

k ∆

∆−−
=  (3) 

where dt∆  is the incremental time of trigger delay between the two consecutive images, 

and ( ) ( )dd
max

d
max ttt PP kk ∆−−  are the travel distance from the nozzle of the maximum 

locations of the kth droplet during time duration dt∆ . 

7) The calibration factor F (µm/pixel) should be determined at the optical magnification used 
by the drop analysis system to determine jetting speed (m/s) from Formula (3). The 
bottom locations of the droplet are used for the droplet location if the droplet has a long 
ligament. If dt∆  is too short, the jetting speed error due to image quality will be amplified. 
If t∆  becomes large, a long-term average jetting speed is obtained instead of the 
instantaneous jetting speed at the target location. 

4.5 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) 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. 

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

3) 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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