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+ Ink-jet technology   

• The ink-jet technology is a contact free dot 
matrix printing procedure. Ink is issued from 
a small aperture directly onto a specific 
position on a medium 



+ Ink-jet technology 
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Figure 29. Map of current  and new applicat ions [ 13] . 

 

At present time, both TIJ and PIJ printing turned out to be the two most important 

technologies when it comes to printing. Even though initially TIJ has advantages over 

PIJ, these have been leveled over the years by further development of the PIJ 

technology. 

The strength of the PIJ technology is represented by its ability to deposit a wide 

variety of materials on various substrates in well-defined patterns. Lately emerged 

many other applications than printing onto paper [62–69]. In the display market, 

inkjet technology is mainly used to manufacture Flat Panel Displays (FDP), Liquid 

Crystal Displays (LCD), color filters (a part of LCDs), Polymer Light Emitting Diodes 

(PLED), and flexible displays. The accompanying performance criteria are among the 

major driving forces behind much research and development efforts. Within the 

chemical market, the inkjet technology is mainly used as a tool for research purposes. 

The unique capacity of the technology for dispensing small doses of liquids makes it 

very useful for this market. Applications include material and substrate development 

as well as coating purposes. 

In the electronic market, inkjet print heads are used to create functional electrical 

traces using conductive fluids on both rigid and flexible substrates [10].  

 

 

3.6 FUTURE DEMANDS 

 

The requirements for the inkjet printing technology are continuously increasing. The 

near future demands require the achievement of smaller drops, higher drop velocities, 

higher drop repetition rates, smaller print head designs, a maximum jetting stability, 

 X. Wang. Nanotech Conference & Expo 2009, Houston, TX, (2009) 
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+ Mechanisms of drop formation 



+ Continuous Ink-Jet (CIJ) 

• Plateau-Rayleigh instability 

– A falling stream of fluid breaks up into smaller drops (the liquid  is unstable) 

– When a jet is thin enough, the effect of gravity is negligible compared to 
surface energy 

– The jet changes its shape to reduce the total surface energy 

– Liquid flow sets the time. 

 



+ Continuous Ink-Jet (CIJ) 

• Minimum of surface energy 

• Varicose perturbation (unstable system) 

• No constant radius of curvature 

• Time and length scale 

• Drop radius 



+ Continuous Ink-Jet (CIJ) 

• Mathematical modelling 

Lcrit = f r, R,U jet,g( )
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+ Continuous Ink-Jet (CIJ) 

• Dedicated charging of droplets 

• Recirculation by deflection in transversal electrical field 
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Praxisbeispiel: Ausarbeitungspha

Ausarbeitung der Standard-Z

8. Ink-Jet Technology

8.1.2. cIJ: Setup



+ Continuous Ink-Jet (CIJ) 

• Binary deflection 

– Uncharged droplets dispended on substrate 

– Charged droplets recirculate 

• Multiple deflection 

– Uncharged droplets recirculated by gutter 

– Charged droplets deflected according to q/m ration 

– 2-dimensional writing of small areas with single 
nozzle 



+ Continuous Ink-Jet (CIJ) 

• Droplet delivery 
– Emission of cylindrical plug from orifice 

– Stimulated break-off (induced varicosity) 

– Charging by passing electric field (ring or tunnel) 

– Orifice diameter 50-80 um 

– Droplet size ≅ 120 um (volume 4fl – 1pl) 

– Droplet frequencies in order of 100 kHz  

– Frequently satellite droplets formed 



+ Continuous Ink-Jet (CIJ) 

• Drawbacks 
– Complex recirculation 

– Deflection according to charge-to-mass ratio 
(limited accuracy) 

– Restriction to conducting ink formulas 

– Low quality 

• Application 

• Industrial small-character printing (SCP) 
– Zanasi 

– http://www.youtube.com/watch?v=BZfjcNDj4uY 



DROP ON DEMAND (DOD) 



+ Drop On Demand (DoD) 

• Mechanism of droplet formation: 

– Thermal 

– Piezo-electric 

– Electrostatic 

– Acoustic 
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8.2.1. Impulse Method: Setup



+ DoD – Thermal Ink-Jet (TIJ) 

• Roof shooter 

– Heater above orifice 
(HP, Lexmark, Olivetti) 

• Side shoother 

– Heater lateral to horifice 
(Canon and Xerox) 



+ DoD – Thermal Ink-Jet (TIJ) 

• Phase of droplet formation 

• Heating 

– Overheated ink (over the 
spinodal limit, around 300°C 
for water) 

– At 300°C: nucleation of 
bubble 

• Expansion 

– Ejection of ink 

– Parallel to bubble expansion 

• Droplet formation 

– Collapsing vapour bubble 

– Retraction of bulk ink 

– Refilling of cavity (80-200 us, 
speed critical step) 

 

 
Jens Ducrée and Roland Zengerle

Praxisbeispiel: Ausarbeitungspha

Ausarbeitung der Standard-Z

8. Ink-Jet Technology

8.2.4. tIJ: Droplet Formation



+ DoD – Thermal Ink-Jet (TIJ) 

• Example: nozzle of DJ 850C color 
printhead 

• Roof shooter 
• 6000 droplets a 32 pl per second (cycle 

time 170 us) 
• Widht and height of ink channel on um 

range 
• Critical produciton parameters 

– Dimensional stability 
– Precision 
– Uniformity of nozzles 

• Drop performance 
– Frequency 
– Volume 
– Speed 



+ DoD – Thermal Ink-Jet (TIJ) 

• A case of study 

A K Sen and J Darabi

t = 2.1 ms

t = 4.5 ms

t = 9 ms

t = 15 ms

t = 22 ms

t = 27 ms

t = 31 ms

Figure 7. Time evolution of the liquid profile along with the
temperature (K) contours inside the liquid.

adjusted during the microfabrication process. The operating

parameters include thermal energy and pulse width, which

can be controlled during operation of the device. The fluid

properties include the density, surface tension and viscosity

that can be tuned by the ink manufacturers. The droplet

volume and speed of the droplets can be precisely modulated

by adjusting the print head geometry, operating conditions

and fluid properties. The droplet volume and speed control

the printing precision and speed. Another design goal is to

minimize the formation of satellite droplets to improve the

print quality. The droplet volume and speed (average) are

calculated by the simulation tool at a distance of 0.5 mm
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Figure 8. Variation of the temperature (K) of the heater and fluid
film with time.

from the nozzle orifice. The threshold energy is calculated by

determining the minimum thermal energy for which droplet

ejection is observed. The tail length is calculated soon after

the droplet is detached from the chamber–fluid interface.

Figure 10 shows effects of the nozzle diameter on droplet

volume and speed. It is observed that there is an increase of the

droplet volume with increase in nozzle diameter. The surface

tension force acting on the fluid–air interface is lower for a

larger nozzle, thus more volume of fluid can be ejected for the

same thermal energy. The decrease in the speed of the droplets

may be due to increase in the droplet mass with increase

in the nozzle diameter. Similar trends have been observed

in previous experiments [8]. Variation of droplet volume

and threshold thermal energy with the width of the heater

is depicted in figure 11. The results show that droplet volume

increases with increase in the heater width. Increase in droplet

volume is possibly due to formation of a larger thermal bubble

at a higher heater width, which displaces more fluid from

the chamber. The results also show a decrease in threshold

thermal energy with increase in the heater width which may

be due to a higher rate of heat transfer to the fluid because of

the higher bottom surface area of the heater. The influence of

chamber size and heater location on threshold thermal energy

is presented in figure 12. There is an increase of threshold

thermal energy with increase in the chamber size which may

be due to the increase in static pressure in the chamber for a

larger chamber size. A higher thermal energy is required to

generate a thermal bubble that can generate enough pressure

for the droplet ejection. The results also show increase in the

threshold thermal energy with increase in the distance between

the heater and the nozzle orifice. This is possibly because a

larger amount of heat is transferred (heat loss) to the substrate

which could have been otherwise transferred to the fluid, as

the heater is located far away from the nozzle. The choice of

passivation layer between the heater and the ink chamber is an

important design factor.

Variation of the threshold thermal energy with thermal

conductivity of the passivation layer (for different materials)

is depicted in figure 13. It is observed that there is a significant

decrease of threshold thermal energy with increase in the

thermal conductivity of the passivation layer, as expected.
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Figure18. Influence of ink density, surface tension and viscosity on
tail length.

surface tension and increases slowly with increase in viscosity.

This trend is consistent with the results reported by [19].

5. Conclusion

The droplet ejection performance of a thermally-driven

monolithic inkjet print head based on a dome-shaped ink

chamber, a nozzle guide and a ring-shaped heater was

simulated. The design employs a passivation layer as an

intermediate layer between the ink and the heater, thus

eliminating heater burnout issues and improving reliability.

The design configuration is such that the ink chamber and

the nozzle are inline, thus higher nozzle density can be

achieved. The numerical model is validated by comparing the

model predictions with experimental results for a previously

reported print head design. The agreement between the

model predictions and the experimental results is within

10%, indicating the validity of the model and modeling

methodology. The droplet ejection performance of the

proposed print head design was simulated including the

nucleation and growth of the thermal bubble. A thermal

pulse was used as the driving mechanism for the droplet

ejection. Coupled flow and energy along with bubble

dynamics equations were solved to predict the time evolution

of the fluid interface, droplet volume and speed, heater and

fluid-film temperature and temperature distribution in the ink

present in the chamber. The model was used to investigate

the effects of print head geometry including nozzle diameter,

nozzle-guide length, chamber size, heater location and thermal

conductivity of the passivation layer, operating conditions

including thermal energy and pulse width, and ink properties

on droplet volume and speed. The influence of ink properties

on tail length was also studied. The results of the parametric

study are expected to facilitate the design and operation of the

proposed print head design.
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+ Exercise 

• Estimate the penetration depth of the temperature 
into a drop during thermal inkjet printer. 
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8. Ink-Jet Technology

8.2.4. tIJ: Droplet Formation



+ DoD – piezo-electric IJ 

• Deformation of piezo-ceramics 

• Change in volume 

• Pressure wave propagates to 
nozzle 

• Deflection of piezo-ceramics in 
submicrometric range 

• Piezo-element has to be much 
larger than orifice 

• Main problem: miniaturization  



+ DoD – piezo-electric IJ 
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8. Ink-Jet Technology

8.2.3. pIJ: Types
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8. Ink-Jet Technology

8.2.3. pIJ: Shear Mode



+ DoD – piezo-electric IJ 

• OmniJet 100 – samsung cartridges 
• Signal waveform 

	

	
	

	



+ DoD – piezo-electric IJ 

• Lumped model 

• Electromechanic modelling (Maxwell Approach) 



+ Nozzle design 
• Geometry parameters of nozzle 

– Diameter 

– Depth 

• Effect on droplets 

– Volume 

– Speed 

– Deflection angle 

• Effect on ink supply (refilling) 

– Capillary forces 

• Fabrication tolerances limit picture quality 

• Fabrication of orifice plates 

– Laser-ablation in polyimide, 
 especially for small nozzles (10 pl, 20 um) 

– Nickel-electroplating 

– Electro-discharge machining (EDM) 

– Micro-punching 

– Micro pressing 
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8. Ink-Jet Technology

8.2.7. IJ-Technology: Nozzle Design (2)
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8. Ink-Jet Technology

8.2.7. IJ-Technology: Nozzle Design (3)

Electroplated Ni-nozzle



+ Nozzle design 



+ Cartridge Design 

• HP cartridge 

– Bubble generator 

– Accumulator 



OTHER TYPES 



+ Ultrasonic droplet generation 

• Acoustic transducer 

• Constructive interference of waves 

– Similar to Fresnel lens 



+ Valve jet 

• Non-contact principle 

– Drop-on-demand 

– Often confused with impulse jet 

• Working principle 

– Ink hold under pressure 

– Dynamic opening of valve 

• Micro-electromechanical 

• Spraying of fine jet 



+ Valve jet 

Initial position NC (Normally closed) 

Shot size From 3 nl 

Viscosity range 0.5 – 10,000 mPas 
(thixotropic) 

Accuracy > 97 % (Dispensing tolerance 
< 3 %) 

Frequency Up to 280 shots/sec (Hz) 

Fluid pressure 0.2 to 6 bar (up to 100 bar) 

Operating medium dry compressed air, oil-free, 
filtered (filter unit 40 µm) 

Operating pressure 4 to 8 bar 

Switching time Starting at 2 ms 

Electrical input 24 V, PLC compatible 

Service life > 100,000,000 cycles 

Weight 270 g 

Ambient temperature -5 to +40 °C 

Actuator Electropneumatic 

Construction Robust industrial design, 
class II equipment, 
splashproof in accordance 
with IP 65 


