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Surface Modification of Polytetrafluoroethylene Films
Using Atmospheric-Pressure Plasma Graft-Polymerization
— Application for Adhesion and Plating —
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A surface modification technique that improves the adhesion of fluorocarbon polymer films such as

polytetrafluoroethylene (PTFE) was developed using nonthermal atmospheric pressure plasma under argon

and acrylic acid vapor. Results of the 90° peeling test show that the peeling strength of the treated PTFE film is

greater than 1 N/mm. X-ray photoelectron spectroscopy (XPS) and scanning electron microscope (SEM) analyses

confirmed that chemical bonds with F atoms greatly decrease on the surface and that a hydrophilic layer is formed

because of the plasma graft polymerization process. A low-environmental-load surface modification technique for

plating the fluorocarbon polymers films is developed using this technology of the atmospheric-pressure plasma

graft-polymerization. The results of the 90° peeling test show that the peeling strength of copper plating on the

treated PTFE film has sufficient strength for practical use.
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Fig. 1 Layout of experimental setup for atmospheric-
pressure polymerization.
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Fig. 2 XPS spectrum of the C1S peak of plasma graft-
polymerized PTFE film surfaces treated by
atmospheric pressure polymerization for 4 min.
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Fig. 3 SEM micrographs of surface morphology of PTFE
films.
(a) blank.
(b) plasma polymerization with acetic acid for 4 min.
(c) treated with metal Na and NH;
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Table 1 Roughness of the surface of treated PTFE.

blank Na/NH; plasma polymerization
(10 min)
Ra(um) 0.3 0.4 0.2
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Fig. 4 Result of 90° peeling test for the treated PTFE
film with the copper plating as a function of the
polymerization time.

Table 2 Atomic ratio of surface of test pieces by ESCA.

blank polymerization film

before peeling test  after peeling test

substrate PTFE PTFE PTFE Al
C 339 65.9 354 37.0
O 0.1 334 1.5 24
F 66.0 0.7 63.1 60.4
Al - - 0.1 0.3
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Fig. 5 SEM micrograph of the polymerization treated PTFE
film after peeling test.
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Fig. 6 Schematic diagram of adhesion mechanism of treated
PTFE.
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Fig. 7 Peeling strengths for the treated PTFE film with
copper plating as a function of the polymerization
time.
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Fig. 8 Peecling strengths for the treated PTFE film with
copper plating as a function of the flow rate of Ar
gas.
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