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Adhesion Behavior of Cu Plating Film
on Sulfonated Polystyrene Resin
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By conventional electroless copper plating process and the following acid copper plating,
40 um thickness copper film was plated on polystyrene resin sulfonated by dipping in
concentrated H2SO04. Adhesion strength of copper film on the resin was measured by a
peeling test as a function of treatment time of resin sulfonation and time elapsed after plating.
Both the copper and resin surfaces peeled off were studied by XPS, correlated with the
adhesion strength.

The sulfonic group (-SOsH) determined by XPS increased in amounts on the resin surface
with increasing sulfonation time. The appropriate treatment time resulted in good appearance
of copper plating. Adhesion strength of Cu film immediately after plating was weak to be
about 50-100 gf/cm; however, it increased up to 650 gf/cm after several days. In addition,
the intensity of ESCA spectra for Cu20 was found to increase with increased adhesion
strength, indicating the importance of the chemical state of interfacial metal oxide for
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adhesive film formation on the resin.

F—O—RI@EH-E, RUXAFLY, fH>E, ZAIKVE, BEk

1. FUBHIC

IV TN T TIAF s Ry =T A%
FORRIZLY, BENODHo XX, EROEMHD o
Eho, MEENE - - WK - WEE - EXEEN2 L
OHEENLRETLIHEAMHOD - 2 & L TFIBA
ALTWBLIY, Zhsnfle LTiE, 7Y ¥ FEIR
RRVIIFTLF T TVERANDOED o SEHE, W&
RYT—=~DINF =2 B0&, TYIZTYYTTTR
F 9 s ~DBHHES — IV Ko X EFBHITFONS,

BEE~OW o EHEI T OREEE R TI0IE, B
EOSXRBEOFRENVEETH L. —#IZ, HlgL
Do XEEROEEEEICOWVWTIE, FIRETRED Y
AT v F 7R LTS SAF v 7 LICEL
ToWFLICD - EPHMTHT A Z & IC L A WMAESLD

*  FMERANER ERELFEI V-7
*+ EHHELT FRAFER

ETIARF vy DREMICEASNIEiE L Do XK
BEROEMAEEERIC L2410 2o THER
nTwnb,

BHRICBEA SN EREICLI 2D AEBEOTEN
NDOFBIIOWTE, WO OHEHNDH L. Ratelly
TR AF L UHHER (BLF, PSHHEEEBET) 12y a A
BE-TRPRLEE S 5\ II R -TRBRIC L 5 = P ofbLE
%, 7374k, eFaXR7UME, ST VMCREERRKL
I END o SRROEERIIOVTRE 21TV, 7
U LB-RELEREOBINE L5120 AEEOR
ENERECRY, LEREI B CRAEED (360
gf/cm) #R$T 2k, = bOLREBLZESICIZ, £
DB E LD ICEKBICEA SN BEREDOEDIH
mL, THhIEVWESEIFARE R ) RERERL6S
BT, —EE(890gf/cm) #RTIEEFHSITLT
W5, ¥7:, Macaskie!® i, B AVEVEFE

ATABZEIICEST, Do SEBEOTEEN*HETESD

Z ¢ %, Baumgartner!4 i, BA SN/ AVE E



114

DEVEBEEHCEEYRIZTIL, RBEXN-FBR
EBEFD o ERBOEENIHBESR IR
HELTWAS, &512, Burkstrand!® 13, 46, = v
TV, 2L XOEBTERES L PSHIIEIZD
WC, BHELEFEBORETCOMEREEZHRN, £
BOBILIREE L #iE LOBRE & DLFRMEEERY,
FOBEN BT LI EFHELPIZILTW S,

BHED > ZEIIBVWTO- EREOEENrMLEEE
AEFEELTIE, BEEED - SBEOMBLRE (LT, 7
o) U TLIRR) RO EROKRELE (LT, T
Ty EWRE) PREBRNIZITbhTwAY, ThH0%)
Bk, ToFUACIVERL-BREEEEEBOK,
b5V FED > FEOKEOBENE~ DR, F
ECTOKREZEEDOHE L EXRT 516018 22 5
hT&7%, EELIR)IFLUEEL Y 0 AB0E
IZE o THEALLIZBEIZ BT A0 - ERBEOTHE
NOREBEEERAN, BENVEEZRLEDIIRES
e HBEHEY, RETOFRYERERIZEASH
FEREEORMEICERTIIEEHELMIILA,

BiEgIC - 22 HTHE, Ty F U7k sREM
IBEATREZEZONTWS, UL, 70408
BoL)kEwny Frr@xERT AL, BiEXRE
LS, IhICEE- TERETROEM, KRS
BTFTALREOMENEL S, Lo T, MK
DEBIZBWTIE, BIEEEL T v 5> 7/ THILT 5
Te%l, Do RFBLEEOBENEEMEIELT
ENVREEL L, INEERTAICE, SIEREIZE
ASNI-BREL - ZEBEHOFENEEIERZF)
ALTWL ZEFARTRTHEHOD, THIZDNT
FITEAERFT IR TV,

REgE T, PSHEIEOBRKEELEIZ DO W TLEE
BEMBREICLIHERINOANVFVEEASZL
BEERENSEB IO 2B ER B L EDBIZ, R
VAR VLB L7 PSEE~NOHD > E0EENIK
2T RBLEEGORE, TS, 2=V
OME, 2o TIBBEREOHEOEB R EEREL
7:. ¥651Z, ESCA(XBEBFH/HIE) 2o TITE
FEBETFEMEICIVED - SFEAOBEL 201t
FRES, 70/ RFUVAAMI LD FEEL
D - XEDBLEB ORI DWW THRN, #igLEED
S EDEENEAXETAHEFIIOWTHEEL.

2. RBRIFE

(1) PSHERDERBIUDOESNA
PS#iAE#R (B & 1.8mm) X, PSHFE~LV v b (Fi%

METEM #) £ £RR/FE200C, E£100kgf/cm2
TEMHBF L TERLZ. PSEEERIE, RE%, —
ENEEBELE L7720, T4 —HFESK #320) 12
AR MAHR, ERIRE100C, EH50kgf/cm2n%
BT eEBEREICHIBRORERREFEE L. BE
N RIZTEEHEEOEZEOAIFEIZIL, #320, #600,
#1000, #1500 = X 1) —RFEHK TEE L /-8 ER*
Buwiz, 1, EESNPSHEROREHE,
REREHEMELRT.

PS#fBEX (1825mm X £ & 100 X B ¥ 1.8mm) ~ O
HoETREMIRT.

F1 PSHFEOXREM S & REEHEMNZE
Surface roughness (Ra, Rmax, Rz) and increase
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Changes in C/S atomic ratio of PS resin surface
with the sulfonation time in conc. H2S04 at 50C.
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Effects of sulfonation time and temperature on

the appearance of Cu plating.

Temp.

s 40 50 60 70
0.5 - - - - o)
1 - - A A o)
3 - = O O A
5 - - O O A
10 - O O X X
20 - 0O X x X
30 A 0 X X x
45 '®) x pY% X x
60 O . A X X X
120 A X x X X

-: no deposition, A:irregular deposit, O: uniform deposit, A:small
number of blister, X :large number of blisters
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Effect of aging time at room temperature on

adhesion strength of Cu plating on PS resin

sulfonated with various dipping time in conc.

H2S04 at 50C. Open symbol: without pealing off

of copper plating, solid symbol; with pealing off of

copper plating on one side.
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M4 CudoZBEENINDRANA LB DS
Effect of sulfonation time on adhesion strength of
Cu plating on PS resin sulfonated in conc. H2SO4
at 50C, as a function of aging time of plated PS
resin. Open symbol; without pealing off of copper
plating, solid symbol; with pealing off of copper
plating on one side.
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(a) Adhesion strength 50gf/cm

PS resin surface Cu pealed off surface

SRR &S

(b) Adhesion strength 750gf/cm

10um

M5 FEBOEZAEFHEMETE
SEM Micrographs of peeled off surfaces of PS
resins and Cu deposits.
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ESCA spectra of PS resin surface from which Cu
plating was peeled off. Adhesion strength;
750gf/cm (a), 150gf/cm (b), 50gf/cm (c)
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Effects of aging time on adhesion strength of Cu
plating on PS resin as a function of annealing
temperature. Annealing was conducted for an
hour after electroless Cu plating in the course of
Cu plating on PS resin. PS resin was sulfonated
in conc. H2SO4 for S5min at 50C. Open symbol:
without pealing off of copper plating, solid symbol;
with pealing off of copper plating on one side.
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Effects of surface roughness of PS resins on

adhesion strength of Cu plating as a function of

aging time. PS resin was sulfonated in conc.

H2S04 for 5min at 50C. Open symbol; without

pealing off of copper plating, solid symbol; with
pealing off of copper plating on one side.
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Changes in the color of peeled off Cu surface with

the aging time of Cu plated resin.
(@:L*,O:a* O:b*

’ Cu plating films and Pd conversion Cu films (b)
u (1 week) Cu(0 day)

0.6

04 Pd (1 week)

W o2 Pd (0 day)
(8]
(D' 0 1 I 1
g i Peeled off Cu films (2
Z 0.6 Aging Oday
w o4 ¢
0.2 Aging 1day
Aging 4day
o A, H 1 1
0 0.5 1 15 2
Time (min)

K10 Cudo2nru /R 7o+ 774
Chronopotentiograms of the peeed off Cu film
from PS resin and Cu plating dipped in Pd
solution. ‘
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Changes in ESCA spectra of peeled off Cu film
from PS resin with Ar etching time.
(Adhesion strength; 750g/cm)
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