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Figure 4-11. Changes in ink film density resulting from the printing of a second Ag and dielectric layer 

Figures 4-12 and 4-13 show a comparison of the top and backsides roughness 

of the self-supported silver ink films. As shown, the roughness of the topside that was 

not in contact with the PET film is nearly twice as rough as the side of the film, which 

was in direct contact with the PET. 

Similar differences can be seen between the topside and backside for all the silver 

films in Figure 4-14. 
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The difference in surface topography of the top and bottom surface of the 

films is attributed to the difference in the smoothness of the surfaces in which they 

are in contact. That is, the topside is the side that contacts the printing screen, which 

is highly rough due to the mesh openings, as well as being exposed to the particulate 

matter within the environment during drying. In comparison, the bottom side of the 

ink film is in direct contact with the highly smooth (in relation to the printing screen) 

alginate coated PET film, and is protected from the environment during drying. This 

difference in roughness is apparent when looking at the differences between the top 

and bottom Sa statistical values. The Sa value depicts the average roughness averaged 

over an area (a 3D parameter).55,56,57  The differences in topography of the top and 

bottom side of the silver ink films shows an approximate 50% reduction in Sa values. 

Sample

Figure 4-14. Ability to produce highly smooth ink films by use of novel lift-off process to obtain self-supported ink films 

One of the main objectives of this research was to determine if the self- 

supported films (combined to create a capacitor) could be rolled without damage to 
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the ink layers, and capacitor itself. This objective was successfully achieved. A single 

stacked capacitor was successfully rolled without damage, as seen in Figure 4-15 

below. The gain in device flexibility, as a result of not having a carrier substrate layer 

is obvious. These encouraging results show promise for the use of this technology as 

a means to produce a supercapacitor by rolling a multi-stacked device or to minimize 

the size of a device to fit into tight places. 

CONCLUSIONS 

A process to produce self-supported electrically functional ink layers was 

demonstrated. Smooth alginate films (sacrificial substrates) were produced by casting 

a 6% solution of alginate containing 20% glycerol on weight of alginate onto a PET 

substrate. This film served as a sacrificial layer for enabling the lift-off of screen- 

printed thermal silver and UV dielectric ink films from a PET film after immersion of 

the printed samples in distilled water. The thickness of the alginate film was found to 

influence the thickness of the printed dielectric and silver layers, which impacted 

their electrical performance. The ability to produce self-supported films to determine 

the dielectric constant of a dielectric ink film at different thicknesses was 

demonstrated. This is further supported by the fact that the final dielectric 

measurement  of  3.81  (dielectric  constant),  calculated  from  the  final  capacitance 
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measurements (from the fully printed capacitor) was within range of what the 

manufacturer reported (which is about 4). This was also true for the silver inks’ sheet 

resistivity measurements, which was reported as being between 0.015-0.020 

Ohms/sq/mil. The  finding  of  the differences  from  the top to bottom  side  silver 

roughness is of great interest. The ability to use the bottom side of a printed layer for 

use when high smoothness is required may prove to be valuable. The density 

measurements also proved to be highly useful when calculating for the bulk resistivity 

and will be highly useful for any situation where accurate densities need to be 

accomplished. The ability to roll single stacked layer capacitor was demonstrated and 

holds promise for the creation of supercapacitors by this technique. 

Recommendations for Future Studies 
 

In order to be able to measure the mechanical properties of the self-supported films, it 

is recommended that much thicker ink layers (approximately 3-5 times thicker) be 

printed. A larger print pattern should also be printed to enable multiple strips to be cut 

from the same sample for testing. Further studies should be performed with different 

silver ink chemistries. Nano and flake water based inks applied by various print 

methods should be studied to determine if self-supported ink films can be produced 

from the same lift-off process by use of non-water soluble gums and resins. The 

measurement of ink film thicknesses should be accomplished using a smaller 

magnification objective allowing for more of the printed ink film to be viewed while 

testing. This should allow for more accurate measurement of the ink film thicknesses. 

It is also recommended that the Bruker instrument be equipped with a porous stone 

vacuum table allowing the samples to be held flatter to the surface (as many of the 

samples displayed some curl, which required them to be taped that was destructive to 

the samples). Creation of the alginate films should be accomplished in the confines of 

clean room to prevent the inclusion of particulate matter, which could cause pin 

holing if thinner layers are printed. For the same reasons, printing should also be 

performed in a clean room environment. In future studies, the addition of one 

dielectric layer should be added to either the top or bottom side of the capacitor 
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allowing for electrical properties to be measured while the device is rolled in order to 

see if this method would be useful as a means for producing a multi-stacked 

supercapacitor. 
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