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Space Saver Conductive Traces 
 
Author: Scott J. Dowdell, Director New Technology Development 
Date: 5/24/10 

 
Topflight ran two different materials on our FP333 press using a conductive nano-particle silver ink. This ink is different 
from flake silver (PTF) in that it requires less ink to get the same level of conductivity. It runs faster because we can put 
down less material and print it flexographically instead of screen printed. It is also more flexible than its PTF 
counterpart as tested in the finished part. 
 
The design was created to show narrow lines and spaces as well as some typical conductive traces. We used two 
different flexo stations with different anilox volumes so that we would have a different lay down of ink (i.e. thickness) 
and thus a different level of conductivity.  

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This ink has a viscosity thin enough for flexo printing and the particle size is small enough to release cleanly from the 
anilox cells and be transferred by our digitally produced photopolymer plates. We ran the paper samples at 220 fpm 
and the film samples at 320 fpm. Using polymer thick film on our rotary screen press, it would run about 30 fpm. 
 
The pattern labeled as 10 x 10 was made from art work that has 10-Ƴƛƭ όлΦлмлέύ ƭƛƴŜ ǿƛŘǘƘ ǿƛǘƘ ŀ мл-mil space. The 
lines labeled as 4 x 4 were made from art work that has 4-Ƴƛƭ όлΦллпέύ ƭƛƴŜ ǿƛŘǘƘ ǿƛǘƘ ŀ п-mil space. Measurements on 
both materials after printing will tell us what the growth factor was due to plate pressure and ink wetting out on the 
surface thus creating wider lines and narrower spaces. With this information, we can distort the artwork to 
compensate for it in the future. Also, the calculated ƴǳƳōŜǊ ƻŦ άǎǉǳŀǊŜǎέ for both patterns is 2,472. Theoretically, the 
resistance from one end to the other of the 10 x 10 will be the same as the 4 x 4 pattern but using less ink and only 30% 
of the real estate used for the larger pattern. 

 
 

Thin lay-down 

Thicker lay-down 
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Run Detail (Design Output) 
 

Material = Paper Samples  
Station #2 = Silver with deeper anilox 
Station #3 = Blue graphic 
Station #5 = Silver with shallow cell anilox 
Station #6 = Black graphic  
The between stations dryers were turned off since the paper seemed to absorb the ink rather quickly. 
Speed = 224 fpm 
When we used a primer to help seal the paper surface, the color uniformity seemed better but the narrow 4 x 
4 lines started to fill in. We decided to run the samples without primer to maintain the detail. 

 
Material = Film Samples (2-mil heat treated polyester) 
Station #1 = Solvent based Primer 
Station #2 = Silver with deeper anilox 
Station #3 = Blue graphic  
Station #5 = Silver with shallow cell anilox  
Station #6 = Black graphic  
The between stations dryers were turned on. 
Dryer #1 = 191

o
F 

Dryer #2 = 328
o
F 

Dryer #3 = 234
o
F 

Dryer #4 = 247
o
F 

Speed = 320 fpm 
Ink measured 5.8 pH (normal). 
¢ƘŜ ƛƴƪ ǎŜŜƳŜŘ ǘƻ ōŜ άǎƭƛƴƎƛƴƎέ ŀƴŘ ŦƛƭƭƛƴƎ ƛƴ ǎƻƳŜ ƻŦ ǘƘŜ ŦƛƭƭŜǘǎΦ We have seen this before and may need an 
adjustment to the ink system, speed or critical pattern direction relative to the web direction. 

 
Data (Design Verification) 
We measured 30 pcs of the paper and film parts for various features. 
Dimensional (line width and space) and Resistance measurements were made for the following features: 

 10 x 10 pattern 

 4 x 4 pattern 

 Top Trace 

 RFID pattern 

 Biosensor pattern 

 Circuit Pattern 
 
Functional tests included: 

 Tape adhesion (3 pcs) 

 Sutherland Rub (3 pcs) 

 Alcohol Resistance (3 pcs) 
 
 
DIMENSIONAL ANALYSIS 
 
The raw data can be found in Appendix A. 
 
 10 x 10 LINE (mils) 10 x 10 SPACE (mils) 4 x 4 LINE (mils) 4 x 4 SPACE (mils) 

 Art Actual Chg Art Actual Chg Art Actual Chg Art Actual Chg 

Paper 10.0 10.7 7.0% 10.0 9.1 -9.0% 4.0 4.7 17.5% 4.0 3.3 -17.5% 

Film 10.0 11.9 19.0% 10.0 7.8 -22.0% 4.0 5.7 42.5% 4.0 2.4 -40.0% 
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Due to the plate pressure and surface tension between the ink and the substrate, the film samples showed a 20 ς 40% 
growth in the printed image with corresponding shrinkage in the space. Since the plate was printing across the web 
thus creating some chatter and halo effects around the image, it is difficult to get exact measurements. The paper 
showed the same phenomena but to a lesser degree (7 ς 17%). Its surface is rougher and grabbed hold of the ink 
before it spread too much as well as absorbed it quicker. 
 
These pictures are 100X magnification. 
 
4 x 4 FILM      4 x 4 PAPER  

   
 
 
10 x 10 FILM      
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10 x 10 PAPER 

  
 
 
[ŜǘΩǎ ǘŀƪŜ ŀ ƭƻƻƪ ŀǘ ǘƘŜ ƻǘƘŜǊ ƛƳŀƎŜǎΦ 
 
 

 FILM SAMPLES  

 
 Min. LINE (mils) Min. SPACE (mils) Max. LINE (mils) Min. SPACE (mils) 

 Art Actual Chg Art Actual Chg Art Actual Chg Art Actual Chg 

Top Trace  4.0 7.4 85% 8.0 5.7 -29% n/a n/a - n/a n/a - 

RFID n/a n/a - 10.2 6.8 -33% 19.2 22.1 15% n/a n/a - 

Biosensor 6.7 10.0 49% 11.8 8.9 -25% 25.0 28.2 13% 32.6 28.1 -14% 

Circuit 
Pattern 

n/a n/a - n/a n/a - 20.5 22.5 10% 19.7 17.5 -11% 

 
 
 

 PAPER SAMPLES  

 
 Min. LINE (mils) Min. SPACE (mils) Max. LINE (mils) Min. SPACE (mils) 

 Art Actual Chg Art Actual Chg Art Actual Chg Art Actual Chg 

Top Trace  4.0 7.4 85% 8.0 5.5 -31% n/a n/a - n/a n/a - 

RFID n/a n/a - 10.2 8.3 -19% 19.2 22.6 18% n/a n/a - 

Biosensor 6.7 10.0 49% 11.8 9.9 -16% 25.0 27.1 8% 32.6 28.8 -12% 

Circuit 
Pattern 

n/a n/a - n/a n/a - 20.5 21.6 5% 19.7 18.3 -7% 

 
 
There appears to be a similar line growth on both the film and paper substrate with the film being slightly more than 
the paper substrate. A distortion factor will need to be added in the artwork to compensate for this phenomenon. 
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CIRCUIT FILM 

 
 
 
CIRCUIT PAPER 

 
 
 
 


