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This CPW sample was compared with those of the same 
pattern which were simply overprinted from one to four times 
respectively, and their enlarged TDR responses in the area B are 
shown in Figure 7. As stated above, it was found that the gap in the 
CPW would be overflowed if the pattern was overprinted beyond 
four times. The peaks in the beginning of the curves were caused 
by the imperfect electrical connection of the SMA by hand. It can 
be seen from the figure that the conductor losses decrease with the 
layer number going up till three. However, the ‘4 layers’ sample 
shows no better performance than the ‘3 layers’ one. The main 
reason might be that the ink was distributed quite uneven when the 
layer number reaches three, and more ink remained in the inner 
area for the ‘4 layers’ sample than the ‘3 layers’ one. The last 
sample shows the same magnitude of the curve slope as the ‘3 
layers’ one does, while it consumed 81.6 % of the ink that was 
printed for the latter one. The ink could be further saved if only the 
indicated A-D four edges, where most of the current is distributed, 
are thickened, and the rim width could be narrowed as well. It 
reveals that the variable ink-layer thickness approach is a cost-
effective way to reduce the conductor losses in CPWs. 

 

 
Figure 7. TDR measurement of inkjet-printed CPWs on paper substrate 
overprinted for different times with 470 dpi in the printing direction, all the 
samples have the same pattern (s = 4.8 mm, w = 150 µm and g = 20 mm) 

Conclusion 
The coplanar waveguides were inkjet-printed on single-side 

coated PE-photopaper with silver nano-particle ink. The printing 
resolution in the printing direction and the overprinting times were 
varied to compare the conductor losses in the waveguides at high 
frequency using the time domain reflectometry technique. The 
characteristic impedances of the waveguides printed under the 
optimal setting were measured with geometric variations. It was 
found that the width of the ground conductors has negligible effect 
on the CPW’s characteristics if it is at least twice as wide as the 
signal conductor. One CPW sample with an impedance of 51.2 Ω 
was achieved, which would help to improve the measurement 
accuracy for the future characterization work.  

The humidity test on the sample shows the dielectric constant 
of the paper changes with its water content, which might be one 

reason for the impedance variation of the same sample measured 
on different dates. Moreover the evaporation of volatile organic 
acid from the paper coating might influence the dielectric constant 
of the substrate too, which could explain the observed impedance 
difference in the samples with the same pattern printed on different 
paper sheets and on different dates. 

 Last, a coplanar waveguide sample was printed in a fashion 
that the pattern area with the highest current density is thickened. 
The measurement result has shown that this variable ink-layer 
thickness approach is a cost-effective way to reduce the conductor 
losses than simply overprinting the patterns. 
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