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3.4 Publication C 
After unravelling the effect of HiPIMS on the early growth of Ag on well-defined Si-SiO2 and PS in 
Publication A and Publication B, this work addresses the question of how these effects are affected 
by a broader choice of target and substrate material. To do so, this work systematically investigates 
how HiPIMS affects the early-growth stage and electrical performance of noble metal (Ag, Au, Cu) thin 
films deposited on a range of technologically relevant polymers, compared to conventional DCMS. The 
ultimate goal is to clarify the effect of HiPIMS on several metal-polymer pairings to offer guidance for 
production of flexible, transparent, and conductive layers for advanced organic electronics. 

Five polymer substrates (PS, PMMA, PTFE, PEGDMA, PV4D4) are prepared either by spin-coating or by 
initiated chemical vapor deposition (iCVD) and characterized for surface energy by contact angle 
measurements and roughness via AFM. Thin films of Ag, Au, and Cu are deposited by DCMS and HiPIMS 
under similar respective deposition rates. Morphological analysis is performed using SEM and in-situ 
GISAXS, with electrical sheet resistance measured ex-situ. IEDF and degree of ionization during 
sputtering are quantified for each metal and technique with the combined RFEA. 

HiPIMS generally increases the degree of ionization and energy of deposited atoms, which 
strongly influence film formation. For Ag and Au, HiPIMS produces a higher cluster density and greater 
surface coverages at 4 and 8 nm effective film thickness, giving rise to percolated, more conductive 
networks at lower thicknesses than DCMS. Cu, however, behaves differently. Here HiPIMS results in 
decreased cluster density, attributed to Cu’s higher reactivity and lower tendency to perform surface 
diffusion. These properties cause the Cu films to be in a later growth stage, compared to Ag and Au, at 
the same effective film thickness. The differences in morphology are depicted in Figure 25. Branched 
domains with higher surface coverage dominate, in particular for Ag and Au, on some high-dispersive-
energy polymers (especially PS and PV4D4), while low-energy PTFE surfaces lead to more isolated 
islands and lower surface coverages.  

 

Figure 25: Graphical abstract of Publication C highlighting the morphological differences between Ag, 
Au, and Cu. Reprinted from Publication C under the CC-BY 4.0 license. 

Electrical resistance measurements reveal that HiPIMS consistently reduces resistance up to several 
orders of magnitude relative to DCMS. This is due to more continuous, interconnected films, i.e., the 
films possess a lower percolation threshold. The results highlight that polymer surface energy and 
chemistry, together with metal reactivity and energy, jointly determine final film morphology and 
performance.  
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Figure 22: Experimental overview of the publications in the context of this thesis. The figures are 
reprinted from the respective publication under the associated licenses (Publication A: CC-BY 4.0; 
Publication B: CC-BY-NC 4.0; Publication C: CC-BY 4.0). ....................................................................... 40 
Figure 23: Graphical abstract of Publication A highlighting the morphological evolution of Ag over 
time. ...................................................................................................................................................... 41 
Figure 24: Graphical abstract of Publication B highlighting the most pronounced effect caused by 
accelerated ions during island growth and coalescence of Ag on PS. Reprinted from Publication B 
under the CC-BY-NC 4.0 license............................................................................................................. 57 
Figure 25: Graphical abstract of Publication C highlighting the morphological differences between Ag, 
Au, and Cu. Reprinted from Publication C under the CC-BY 4.0 license. .............................................. 78 
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