
PTFE  
 

 
1,* 2 2,* 1 1 

 
1 380-8553 4-17-1 
2 565-0871 2-1 

 
 

Surface Copperization of PTFE Sheet through Atmospheric Pressure Plasma 
Liquid Deposition 

 
Nobuyuki ZETTSU1,*, Hiroki AKIYAMA2, Kazuya YAMAMURA2,*, Shuji OISHI1, Katsuya TESHIMA1 

 
1Faculty of Engineering, Shinshu University, 4-17-1 Wakasato, Nagano 380-8553 
2Research Center for Ultra-Precision Science & Technology, Osaka University, 2-1 Yamadaoka, Suita, Osaka 565-0871 

 
Received April 17, 2013; E-mail: zettsu@shinshu-u.ac.jp 

 
Poly(tetrafluoroethylene) (PTFE) and connected fluoropolymers are of great interest to use as substrates for high-speed 
microelectronics because those fluoropolymers exhibit exceptional dielectric properties. The relative dielectric constant of PTFE
remains at 2.1 in the wide temperature range of 40 to 250 °C and the frequency range of 5 Hz to 10 GHz. Due to its surface
inertness, however, pristine PTFE substrate fails to satisfy the adhesive strength against to various metals and semiconductors that
the industry requires. From the viewpoints of sustainable environment, another important requirement of the surface metallization is 
direct metallization without seeding their surface with both SnCl2 and Pd(0) colloidal catalysts. In this paper, we provide our recent 
approaches to prepare high adhesive electroless copper layer on PTFE sheets.  
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Fig.1  Schematic illustration of atmospheric pressure plasma 
liquid deposition process for catalyst free-surface copperization of 
PTFE sheet.  

Fig.3  (a) Changes in the ESR spectra and (b) the peroxide 
radical densities of the PTFE sheet as a function of the plasma 
treatment time. 

Fig.2  (a) Schematic illustration of experimental arrangement for 
atmospheric pressure plasma treatment and (b) typical optical 
emission spectrum of the atmospheric pressure He plasma and 
related its photograph. 
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Fig.4  Molecular structures of PTFE radicals. (a) Chain radical and 
(b) propagating radical. 

 
Fig.5  The C1s (a) and N1s (b) core-level XPS spectra taken from 
the  as prepared P4VP-grafted-PTFE sheet (dotted line) and after 
washing with hot ethanol (solid line). 

Fig.6  The changes in normalized intensity of XPS N1s spectra of 
P4VP-grafted-PTFE sheet as a function of plasma treatment time.
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Fig.7  (a) The changes in Cu2p core-level XPS spectra of the 
P4VP-grafted-PTFE sheets/CuAc multilayer as a function of the 
He plasma treatment time. (b) The changes in the normalized 
intensity and (c) FWHM of XPS Cu2p 3/2 spectra centered at 932 
eV of P4VP-grafted-PTFE sheet as a function of plasma treatment 
time. 

Fig.8  SEM images of morphological changes in the P4VP-grafted-
PTFE sheets/CuAc multilayer as a function of the He plasma 
treatment time: (a) 60 s, (b) 150 s, (c) 300 s, (d) 450 s, (e) 600 s 
and (f) 1200 s. 

Fig.9  AFM images of morphological changes in the P4VP-grafted-
PTFE sheets/CuAc multilayer as a function of the He plasma 
treatment time: (a) 150 s, (b) 300 s, (c) 450 s and (d) 600 s. 
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Fig.10  Photographs of electroless copper deposition processed 
P4VP-grafted-PTFE sheets: (a) 0 s and (b) 180 s. 

Fig.11  SEM images of electroless copper deposition processed 
P4VP-grafted-PTFE sheets with various conditions. 

Fig.12  Plasma treatment dependence for P4VP graft 
polymerization toward the adhesion strength of electroless 
deposited Cu layer on the P4VP-grafted PTFE sheets. 
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