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1. Key considerations and tools for inkjet development
- Overview
- Ink Development
- Waveform Design
- Overview of Development System

2. Inkjet analysis examples:
- Drop formation
- Drop measurement
- Waveform optimization: pulse width, damping, and voltage
- Inkjet performance testing: frequency, consistency, and sustainability
- Print quality: Line/edge, bleed, text, dots, and skew/stretch
- Missing jets
- Nozzle inspection

3. Questions?



Printhead
- Nozzle Geometry
- Fluid Compatibility
- Native Resolution
- Native Drop Size
- Max Firing Frequency
- Recirculating
- Greyscale
- Nozzle Coating

Key Considerations for 
Inkjet Development:
Overview

Conditions
- Distance to Substrate
- Firing Frequency
- Idle Time
- Humidity
- Meniscus Pressure
- Ink Temperature

Substrate

- Application 
Requirements

- Colorfastness
- Required Durability
- Coating

Ink Formulation Waveform
- Surface Tension
- Viscosity
- Rheology
- Particle Size
- Drying Speed
- Application 

Requirements

- Voltage
- Pulse Width
- Pulse Spacing
- Rise/Fall Time
- Greyscale



Key Considerations for 
Inkjet Development:
Printhead Selection

Key considerations for selecting a printhead:

- Must be compatible with ink type to be used: UV, solvent, aqueous, or other (metal, etc).
- Must be able to achieve desired print resolution (using multiple printheads, if needed).
- Must be able to print at required frequency.
- Must be able to jet drops of the needed size and velocity.
- Depending on ink formulation and application, may need to be recirculating.



Key Considerations for 
Inkjet Development:
Substrate Selection

Substrate selection is often primarily driven by the needs of the application, and is often 
not under the control of ink manufacturers. Nevertheless, substrate selection affects 
print quality. Key considerations:

- How will ink interact with this substrate? Common problems resulting from poor drop-substrate 
interaction include bleeding, mottle, pooling, strike through, and color-shifting.

- Could a coating improve the performance of the substrate?
- Does the printed substrate meet colorfastness and durability requirements?



Some conditions may be under the control of the ink developer, and others are 
determined by the application. Many of these factors impact ink and waveform design. 
For example:

- A longer throw distance requires larger, faster drops.
- Long idle times require ink designs that limit latency/decap, by reducing solvent evaporation.
- Production conditions, including firing frequencies, should match test conditions.
- Ink temperature adjustments can be used to fine tune ink viscosity and surface tension.

Key Considerations for 
Inkjet Development:
Jetting Conditions



Key Considerations for 
Inkjet Development:
Ink Formulation

Inkjet Ink must jet well, interact with the substrate well, and also meet the performance 
needs of the application. Key ink characteristics include:

- Viscosity and surface tension (should be within proper range required for the printhead to be used, 
usually somewhere in the range of 10-30 cPs, and 20-70 dynes/cm).

- Solids content (pigment, dye, etc).
- Resistance to evaporation
- Substrate interaction
- Viscoelasticity, and other non-newtonian characteristics
- Application requirements, including longevity, durability, etc.

*Adapted from Wolfgang von Ohnesorge, McKinley & Renardy (2011)    ** Adapted from Innovating Inkjet Technologies for Plastic Products, Sabreen & Taylor, 2013
*** Microfluidics, Jens Ducree

***
*** **



Key Considerations for 
Inkjet Development:
Waveform Design

Waveforms are usually designed in conjunction with ink. Often, an ink’s jetting 
performance can be greatly improved by optimizing the waveform.

*Adapted from The Dynamics of the Piezo Inkjet Printhead Operation, Wijshoff (2010)    **Adapted from 
Fundamentals of Inkjet printing: The Science of Inkjet and Droplets, SD Hoath(Ed) Wiley-VCH (2016)

Nozzle Types:

Basic Waveform: 

*

**



Key Considerations for 
Inkjet Development:
Waveform Design

How a Waveform Works:

Optimization:

*Adapted from Inkjet printing of high molecular weight PVDF-TrFE for flexible electronics, Haque, Vie, Germainy & Boddaert (2015)
**Adapted from Fundamentals of Inkjet printing: The Science of Inkjet and Droplets, SD Hoath(Ed) Wiley-VCH (2016)

*

** **



Key Considerations for 
Inkjet Development:
Waveform Design

Greyscale:

*Patent Drawing

* ***



Testing Inkjet Performance
JetXpert Print Station

JetXpert drop measurement system

Variable print speed up to 2m/s

Vacuum-secured sample

Camera to inspect print quality

Available with a belt or linear stage
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Testing Inkjet Performance
JetXpert Print Station



Testing Inkjet Performance:
Drop Formation

Single Pulse
88v 4us pulse width



Testing Inkjet Performance:
Drop Formation

Single Pulse
88v 4us pulse width



Testing Inkjet Performance:
Drop Formation: Stitch

Single Pulse
4us pulse width

83v

88v

93v



Single Pulse
88v 4us pulse width
1mm from head

Testing Inkjet Performance:
Drop Measurement (Volume, Velocity, Trajectory)



Single Pulse
88v 4us pulse width

Testing Inkjet Performance:
Drop Measurement (Volume, Velocity, Trajectory)



Optimizing Inkjet Performance:
Xsweep

Single Pulse
88v 2-6us pulse width



Optimizing Inkjet Performance:
Pulse Width

Single Pulse
88v 2-6us pulse width



Optimizing Inkjet Performance
Pulse Width

4.0us

Single Pulse
88v 2-6us pulse width



4.0us

Main Pulse
88v 4us pulse width
Damping Pulse
70v 3us pulse width
Pulse Spacing: 1-10us

4.0us

Optimizing Inkjet Performance:
Damping Pulse Spacing



Optimizing Inkjet Performance:
Voltage

93v

Main Pulse:
85-105v 4us pulse width
Damping Pulse:
70v 3us pulse width 
4us spacing



Testing Inkjet Performance:
Measuring Nozzles Across the Head

93v

Main Pulse:
85-105v 4us pulse width
Damping Pulse:
70v 4us pulse width 
4us spacing



Testing Inkjet Performance:
Measuring Nozzles Across the Head



Testing Inkjet Performance:
Sustainability



Testing Inkjet Performance:
Sustainability



Testing Inkjet Performance:
Frequency



Testing Inkjet Performance:
Frequency



Print Quality Measurement

2400 DPI color

Up to size A3

Transparency option



Analyzing Print Quality



Print Quality Measurement:
Line Quality/Bleed



Print Quality Measurement:
Skew/Stretch



Print Quality Measurement:
Text Quality



Print Quality Measurement:
Dot Quality



Analyzing Print Quality

93v

105v

85v

85v 93v 105v



85v 93v

Print Quality Measurement:
Bleed Comparison



85v 93v

Print Quality Measurement:
Edge Comparison



85v 93v 105v

Print Quality Measurement:
Dot Quality



Other Analysis:
Missing Jets



Kyocera head 30pl drops

41

Option: Drop on surface



Other Analysis:
Nozzle Inspection



Other Analysis:
Nozzle Inspection



Other Analysis:
Nozzle Inspection



Thank You!

Come visit us at booth 834



Thank You!

Questions?



Thank You!

Extra Slides:



Testing Inkjet Performance:
New: Integrated Control 
Electronics, Ink Supply



1 Micron/ pixel resolution

Multiple cameras

Spectrophotometer

Glossmeter

18”x18” XY travel

Print Quality Measurement



Testing Inkjet Performance
New: Vacuum Ink Collector



Measure drop trajectory in two planes simultaneously

51

Option: JetXpert 3D



In situ drop analysis
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Option: JetXpert OEM



High resolution measurements
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Camera-based system

1 Micron/pixel resolution

Multiple cameras



Testing Inkjet Performance
Drop Watching
JetXpert



Line quality and dot measurements

55

Image quality



Testing Inkjet Performance
Drop Watching
JetXpert



Testing Inkjet Performance
Why Testing Matters

• Dot / Line / Text Quality
• Satellites / Overspray
• Color Bleed
• Banding

• Ink Formulation
• Waveform
• Jetting Conditions
• Printhead



Testing Inkjet Performance:
Why Testing Matters

• Drop Volume
• Drop Velocity
• Drop Trajectory
• Satellites
• Sustainability
• Throw Distance

• Dot / Line / Text Quality
• Satellites / Overspray
• Color Bleed
• Banding

• Ink Formulation
• Waveform
• Jetting Conditions
• Printhead



Testing Inkjet Performance
Drop Watching
JetXpert



Testing Inkjet Performance
Drop Watching
JetXpert



Testing Inkjet Performance
Wetting Camera



Testing Inkjet Performance
Stage for Head Scanning



Testing Inkjet Performance
Scanning Frequencies



Testing Inkjet Performance
Print Quality Inspection

1 Micron/ pixel resolution

Multiple cameras

Spectrophotometer

Glossmeter

18”x18” XY travel



Testing Inkjet Performance
Print Quality Inspection



Single Event 5 Drop Aggregate

SINGLE EVENT IMAGING
Each image is of a single drop, rather than 
averaging or summing images of several drops.



750 ns 1750 ns 2750 ns

SHORT EXPOSURE TIME
The further a drop travels while being imaged, the 
greater the blur.



DOUBLE STROBE METHOD
The most accurate way to measure velocity of a 
single drop at a single moment in time.



Printhead Printhead

First Drop Travels at 5 m/s Next Drop Travels at 5.2 m/s

After 100us, drop has 
travelled 500um

After another 20us, 
drop has travelled an 

additional 100um

After 100us, drop has 
travelled 520um

After another 20us, 
drop has travelled an 

additional 104um

Double strobe method calculates 
the drop has travelled 100um in 
20us and reports a velocity of 

5m/s (correct)

Double strobe method calculates 
the drop has travelled 104um in 
20us and reports a velocity of 

5.2m/s (correct)

DOUBLE STROBE METHOD



Printhead Printhead

First Drop Travels at 5 m/s Next Drop Travels at 5.2 m/s

After 100us, drop has 
travelled 500um After 120us, drop has 

travelled 624um

Single strobe method calculates that the drop has travelled 
124um in 20us and reports a velocity of 6.2m/s (incorrect)

SINGLE STROBE METHOD



Comparison of Velocity Measurement Consistency

Single Strobe
Double Strobe

DOUBLE VS. SINGLE

Data captured using a Dimatix S Class Printhead with XL50 Model Fluid
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Sigmatek

Icon

ImageXpert offices

AltechU.S.A Japan
China Korea

Worldwide representation

ImageXpert Inc.



Integrated equipment for all printheads on the market
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Xaar

Dimatix

Konica Minolta

Xerox

Ricoh

Kyocera

Seiko

Etc.

Supported Inkjet Printheads

Drivers and software

Ink supply (gravity and recirculating)

Printhead mechanical mounts 

Integration into JetXpert system



Study the effects of latency to maximize open time and minimize recovery time

74

Option: Latency measurement



Automatically capture drops at different delay settings in a single image
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Option: Stitch

1mm

2mm

3mm



Measure image quality attributes
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Dot quality

Line quality

Mottle

Dimensions

Color

Text quality

Image quality
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Waiting to meet you in our office

460 Amherst St. Nashua NH 03063 USA

603-598-2500

info@imagexpert.com

YouTube (ImageXpert Inc)

www.jetxpert.com

Contact Us

http://imagexpert.com
http://www.jetxpert.com

