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Abstract 
 
LithoJet™ inkjet etch resists provide high resolution and adaptable imaging with lower 
environmental impact than standard resist processes. 
 
Introduction 
 
Inkjet printing of printed circuit boards is a technology that has been evolving over the past 
several years. It promises many advantages over conventional lithography, but still needs to 
be demonstrated in a production environment. To this end, Rohm and Haas Electronic 
Materials has developed a LithoJet™ series of inkjet products.  
 
The LithoJet™ inkjet resists have been designed to provide the highest resolution capability 
on many surface types, be environmentally friendly and demonstrate stability in continuous 
operation. Each of these design features will be discussed in greater detail. 
 
Application 
 
The LithoJet™ etch resist inks have been developed for use in PCB and Printed Electronics 
fabrication where an acidic etch is employed. Typically, the metal being etched is either 
copper or aluminum. The intended use is for fabricating innerlayer panels and single-sided 
PCB boards.  
 
Advantages of Inkjet Printing for PCB 
 
Digital imaging offers several advantages over conventional imaging techniques, the most 
obvious being the elimination of rigid photomasks. Faster job turns are possible when you 
can go directly from CAD station to imaging. This means faster job velocity through the 
factory, shorter change-over times between different jobs, reduced work in process (WIP) 
and smaller practical batch sizes. Batch sizes may be limited by other operations, such as 
drilling, but at least for imaging operations, batches as small as one panel can be effectively 
run. 

 

The biggest potential advantage with digital imaging is the ability to correct for registration 
error due to distortion. In conventional contact imaging, you are limited to rigid body shift 
corrections (i.e. - X, Y and rotation). If there is any stretch, shrink or shear in either the mask 
or the substrate, getting the two patterns congruent, whether they are image-to-image or 
image-to-hole, becomes difficult. Some fabricators generate multiple masks with varying 
compensation factors in order to obtain a best fit. This, of course, is costly and time 
consuming. 

 

A digital imaging system, properly outfitted with image capture cameras, is able to acquire 
fiducial positions and scale the data to fit. This could be done on a full panel basis or even on 
a board basis within a panel. The maximum benefit would be realized when digital processes 
are utilized throughout the board building process. 
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High Resolution Ink Design 
 
Most inkjet ink products for PCB applications fall into one of two general categories:  

1) Hot-melt or Phase-change inks, comprised mostly of a wax-like material or,  
2) UV-curable liquid type inks, with or without some volatile solvent. 

 
Hot-melt or Phase-change inks typically freeze to a solid at a temperature between room 
temperature and jetting temperature. This process gives the simplest process sequence, 
since all that must be done is to jet the ink. It also has the advantage of being much less 
sensitive to the type of substrate onto which it is jetted; there is very little spreading of the ink 
as it cools. The drawback of this type of ink is that it is usually not as hard as a UV-curable 
ink, so it may be prone to damage in the subsequent processing. Also, because this ink 
softens at low temperatures (usually between 40C and 70C), it cannot be used for high 
temperature processes like CuCl2 etching where process temperatures may be greater than 
50C. The melt temperature can also limit the type of print head that can be used, since many 
heads are limited to a maximum of 55C. 
 
UV-curable liquid type inks, once cured, have very good hardness and can withstand 
elevated temperatures, much like a dry film resist. The primary issue with a liquid ink is 
higher sensitivity to surface conditions of the substrate. Depending on the surface energy of 
the substrate and the surface tension of the ink, the amount of ink spreading can vary greatly. 
If a proper pretreatment can be found which is compatible with a specific ink, its use can 
enhance resolution. If no pretreatment is used, or if the surface has scratches or irregularities, 
as in a scrubbed surface, then spreading can be severe and unpredictable. 
 
The Rohm and Haas LithoJet™ inks use a different approach in ink design, combining the 
desirable attributes of both ink types. All of the inks are 100% solids, so there are no volatile 
organics evolved during processing. Although not truly a phase-change reaction, the cooling 
of the ink sets it in place within a short time after printing, allowing the ink to be pinned with 
very little spreading, regardless of surface conditions. The height and width of the ink deposit 
is dependent on the ink characteristics, substrate characteristics and print head capabilities 
(primarily drop size).  
 
Environmentally Friendly Processing 

 

Rohm and Haas is a Responsible Care® 1 company which is committed to improve the 
environmental, health and safety performance of its products and processes through 
continual focus on sustainability. 

 

Inkjet imaging is inherently better environmentally than traditional lithographic techniques, in 
materials and processes. As an example, a dry film etch resist will be described.  

 

For a standard dry-film process, the resist itself must be produced by casting the lacquer onto 
the polyester sheet from solvent carriers like acetone, alcohol or MEK. Dry film lacquer is 
30% to 50% solids, meaning 50% to 70% is volatile organic content (VOC) that must be 
evaporated and treated, usually by burning. Even liquid photo-imageable (LPI) resists contain 
up to 60% solvents. The LithoJet™ inks are 100% solids, so no VOCs are evolved during 
manufacture or use. 
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When a dry film is used as an etch resist, approximately 50% of the material is developed 
away as waste. Inkjet ink is deposited only where it is needed, so the waste is minimal. In 
addition, the typical thickness of an applied inkjet ink is 10 to 15 microns, compared to 15 to 
25 microns for dry film. Based on these numbers, an inkjet process uses only about 30% of 
the material of a dry film process, which is 70% less material to waste treat. 

 

Dry film processes also requires photomask generation and resist developing, along with the 
associated water and chemical use, energy use and labor. Additional packagings such as 
boxes, plastic cores end supports and cover sheets add to the total material bill. 

 

Specifications for LithoJet™ Inks 
 
Ink Characteristics – The characteristics of the LithoJet™ inks are shown below. 
 
 Physical and Chemical Properties:  

·  Form:   Semi-solid paste to solid at 25C 
·  pH:   Neutral 
·  Melting point:  50-60C range 
·  Curing energy:  300-1000 mJ/cm2 @ 365nm 
·  Hardness after Cure: 3H to 6H depending on cure level 
·  Viscosity:  See Figure One 

 

LithoJet TM Series Inks
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Figure One – Ink Viscosity Profiles 
 
Operating Window – The following drop watching pictures illustrate the operating window of 
the inks. These examples show Ink B. Figure Two shows the ink performance under high 
frequency jetting. Figures Three and Four illustrate the effect of waveform on the drop quality. 
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Figure Two - 10 kilohertz drop firing     Figure Three – 9 � sec pulse          Figure Four – 13 � sec pulse 
 
Inkjet Print Heads – The LithoJet™ inks can be used in different types of piezo-electric print 
heads. Testing has been done using Konica-Minolta, Xaar and Dimatix systems. Each print 
head offers different performance factors such as drop volume, addressability of nozzles, 
firing frequency, etc. Figure Five illustrates the theoretical feature size versus the drop 
volume of the print heads. 
 

 
Figure Five – Theoretical Minimum Feature Size 

 
 
 
Printed Designs – Some examples of printed images are shown below. 
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Picture One      Picture Two  Picture Three - On Glass      Picture Four – 3D Posts 

 
Picture Five – Inkjet Printed  Picture Six – After Etch and Strip 
 

 
Picture Seven – Inkjet Printed        Picture Eight – After Etch and Strip 
 
 
Conclusions 
 
Inkjet imaging for PCB has been limited to legend printing until recently. Implementation of 
inkjet systems as patterning techniques for etch resist on innerlayers and single-sided PCBs 
is ongoing and will soon be followed by soldermask and plating resist applications. 
 
Rohm and Haas has developed a line of inkjet imaging products to address the needs of the 
PCB and general electronics industry that provide good resolution capability and more 
environmentally friendly processing than traditional methods. 
 
Beyond traditional PCBs, inkjet will likely play a major role in the future trend of Thin-film, 
Organic and Printable (TOP) electronics. 
 
Credits – Samples and photographs supplied by: 

Picture One – Schmid Technology Systems, GmbH, Germany  
Picture Two – AT&S AG, Austria 
Picture Three – CMST, Ghent University – IMEC, Belgium 
Picture Four – Xaarjet AB, Sweden 
Pictures Five, Six, Seven and Eight – AT&S AG, Austria 

 
1 For more information on Responsible Care® visit   http://www.responsiblecare.org 
 
LithoJet™ is a trademark of Rohm and Haas Electronic Materials 
 


