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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 SnCl, 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.
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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.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.
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Fig.4 Molecular structures of PTFE radicals. (a) Chain radical and
(b) propagating radical.
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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).
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Fig.6 The changes in normalized intensity of XPS N1s spectra of
P4VP-grafted-PTFE sheet as a function of plasma treatment time.

6. T/ RFEOHK

PTFE BEMRICEEEND > X 21T O, Do ZIEHOH A
A2 OIRICE FAREE O F THLDIZHIA S EH121E, filflt
EEREmICHEFETAOLERD S, boXnhT—BHDE
TNRED &, TO®BITIHH L-Emo B AR X
D, EE LT ERA 4 b eR~DETT E AT B BRI
HWITI 5, REICHEEZHEEFS 2 FHELE LT, SiCl, &
PACl, 12 & B T EEBEAREE[8]° Sn—Pd iRE 2 v A FiZkb—
BRI IEEIE[9]S Z L E T ﬁ<mm%nf%tobbb,5
HLOHDOFEICBWTY Sn (TEBAICIZSON H 2R L7z
WV, o TN Sn ZFRFET D ITITMBPESCKERLETH Y,
RO TEPEZITLEY, £, BETD Sn - XiR
HFIZHER L, Do ZWEFERTLIZLbmEINTNS, =
o OREL fFRT HIRREAMNEERD > & S nk 2 L
LT, Sn—Pd Z#ME L L, EEMELA LT MAD-EZD
BENLEENTND, AIFETIE, KREZTT X~E A0z



MEML A L7 MWDo X ZRW- ATz, BEEESH (CuAc) % &8
SRITBITL L, PAVP %4 LT PTFE % & F R R 4 3R EIC
{LFEEETENLE, BEEORWERBNEOND B 2T,

0.39 M @ CuAc KIFIREFEL, 777 NMLEE%R O PTFE
HER iz v—FRa—%Z AT CuAc MBHERZ /K L7-,
RN, EFRBERSBIC SEM B2 TlE, CuAc OSSR AEIZ
SN0 Z Ln, CuAc BT LUV TH—ITBH S
NTWBHEHE 2D, PAVP/CuAc FEBIED XPS Nis A~ k
LTI, PAVP OB Y PUBRHPICEET DA I VICHKRT S
3983 eV DE—7 DE TR AF—H~DL 7 SRR LT,
AU, PAVP O N 7 LA 4o BENEE L, Cu-N §§
RER LI &2 RET 5, Cu-N EXROERIZED,
CuAc DFFERIER IRl SN vz b,

SLERERIC R % XPS Cu2p A2 FVZE k% Fig.7(a) i2,
0 s JLBERFO Cu2p 32 B — 7 5@E A 1 & L THIK L L7z A~
2 NOVEREE S % Fig.7 () 1259, 932 eV 12 Cu2p 32 35 &
952 eV IZ Cu2p 12 =7 Mg s, 77 Avicr
— VBRENELT B Z LB Tn, FREEEIE 0~300 siTh
TR L, TRUEBIEEADTAEMAE LNz, Cu2p
3/2 B — 7 OAENE O LRI RII k9~ 5 28k [Fig. 7 (o) 1 & 3~
7oA, 0~300 s ([T THEEAFIME LT, T,
C'7MBILE N, Cu(0) N SN Z & Z2Red 5, —74,
300 s UIBECTHHEROBILB RSN ed oz, lEDZ &
MNh, 7T AR 300 s BIRRIZ R S 472 Cu2p 32 B—
7 REORIIL, 7T A AHEERRICK T D &R ORI S
FRTIZRNWEEZ 5,

.

Normalized intensity
N
.
-

0 200 400 600 800 100012001400
Plasma reduction time/ s

FWFH
»

16| e,

.

5 L L L L L L
0 200 400 600 800 100012001400
Plasma reduction time/ s

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.
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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.

157 . 178
[nm] [nm]
0

0
[nm] 1200 0 [nm] 1200

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