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ABSTRACT: The work aims to enhance the deeply coarsening effect of electrolytic copper foil. The surface treatment of 35 pm
electrolytic copper foils was conducted by electro-deposition method, and the influence of sodium tungstate-HEC-SPS

composite additive on surface morphology and performance of electrolytic copper foil was systematically studied by AFM,
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SEM, XRD, peel strength test, surface roughness test and cyclic voltammetry. The sodium tungstate-HEC-SPS composite

additive in the coarsening solution promoted the uniformity and compaction of coarsening coating layer, and improved the effect

of deep plating. When the additive amounts of HEC, SPS and sodium tungstate were 5, 50, 60 mg/L respectively, the

comprehensive deep plating effect was the best and the roughness R, and peel strength reached 7.504 pm and 2.139 N/mm

separately. The performance indicator was better than that in coarsening sample treatment. The composite additive reduced the

reductive spike potential from —0.644 V to —0.674 V, which significantly enhanced the polarization of the electrode. The rate of

electro-deposition decreased from 33 um/h to 29.8 pm/h, which inhibited the deposition effectively. The surface morphology of

the nodule on the peak of copper foil peak turned from spininess into smoothness, and was improved obviously. Meanwhile, the

preferential orientation of the copper foil coarsening layer accelerated the orientation from (111) and (200) to (220). Adding the

sodium tungstate-HEC-SPS composite additive into coarsening solution can significantly enhance the deep plating effect of

electrolytic copper foil, improve the peel strength and surface roughness, and promote the preferred orientation (220).
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Tab.1 Raw materials and relevant parameter indicators

Raw materials Parameter indicators

Raw foil Thickness is 35 pm
CuS0O,4-5H,0 AR

H,S0O, AR

HEC Purity =99.9%
Na,WO,-2H,0 Purity =99%
SPS Purity =98%
K4P,0, AR
NiSO4-6H,0 AR
ZnSO,4-7H,0 Purity =99%
Silane coupling agent KH560
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Fig.1 Surface morphology of copper foil (a) before and (b) after coarsening dope treatment
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Fig.5 Effect of SPS content on the surface morphology of copper foil



<172 E-3 TR N

2.3 $5ERENE =X 8E BT AR B 22 i

E—2 DA P B IR R & 5o A8 &, HEC %
o 5mg/L, SPS &y 50 mg/L, WFITAYIREN & &
Xof ] KL B ISR 5 560 B AR 2 IR, AN 6 TR .\l LA
F b, SR B B A R A SRR AR S B B BT, M
FREN 5N 60 mg/L B, IAFIE(E, 290 2.13 N/mm,
WIS AT I, (BRRMEHREE R, — L FE B RN
B B -

(& 7 A RS R M o S X4 1 2R TR 35 152 ) AT DA
i, BERENES RN 30 mg/L I, AER 4 A X
fm kL L DU A TR B AR B, T RRTE 0 R RIS ER 1Y)
kL LD s MR AN B 60 mg/L B, 7R G )
HER AU ER VTR T — 2 BN 557 1 Sk, W THOY 4%
Sy [V )98 5 M PR AN 7 k2 I T & 70 mg/L I,
] W TR i RS /) e v S S 3 it R AR A
FIRg/D o X e B IRAR AR S SR B, &
B UL 2 BIBHA T, L, MRS N

G PSS
SEM HV: 10.0 kV WD: 15.55 mm J
SEM MAG: 5.00 kx Det: SE

a 30 mg/L

SEM MAG: 5.00 kx Det: SE

WD: 1647 mm | .

b 50 mg/L

2020 4F 11 A
8.0
—e— Roughness R,
—4&— Peel strength 12.14
g x TE
5751 . a
N — 1212 2
8 o S
'go o/ g”
=]
5 70r &
2 1 2
A/‘ 210 &
[
A
6.5 L L L L 12,08
30 40 50 60 70

Content of Na,WO,/(mg - L)
P 6 RN B f ) i ERELRE 2RISR 5 ik B 14 52 1)

Fig.6 Effect of sodium tungstate content on roughness and
peel strength of copper foil

60 mg/L i, ZEARBEAL PR R b fd, R, FIH 50
A50A 7.50 um A1 2.14 N/mm, B EAS—#R )2,

TGV MR A 3 2 MR 5 B A5 M BB FR AR R, ASOT
G TR IR A ) 2 SCRRARE Fp Ak 43 5 Ak 0221

¢ 70 mg/L

P 7 TR A e X A 2 S A5 ) 5

Fig.7 Effect of sodium tungstate content on the surface morphology of copper foil

2.4 HEC-SPS-$BE&$h £ & &5 in 7 X7 5% $F
i B B 3L 2 BRI AR I8 2R B S5 i

4B T = AN ISR kST AR R AR, B T IR
A8 HEC-SPS-45 R 80 52 A 8 Jin 580 ) B A6 B HEL TR
B2, SEER L HEC , SPS S54SR AN = 4351~ 5 .
50, 60 mg/L VENBEMR AL . &l 8 i ImE & i
B RELAC IR S5 R AL R B IR IR e i 2 1 . el AT
FAL JEL 030 S5 57 —0.644 V., S5HLAL R 3L
HEC-SPS-45 & 414 & A U JIn 751 (5 FEL £ 8 # 8 DB 06 i) i,
PEE AT A5, H-0.644 V FFEE-0.674V, T
FRRTET AR ibBE Sy, R R EN-HEC-SPS & &
TR0 X REL A R 1) e T AR 30 99 4

%] 9a g US N4 2 4N -HEC-SPS Bk Ak i 5 R Ak i
T H TR B ] R AR AR R, T LU Y, Bl LT
FRERH ] 04 SE A, TR AR 40§16 2 T 1) 0K G 4] Ay 40t

922 AT 96 0T B K o TR R -HEC-
SPS 5 2 VR B4 0 LB B AL | 0 B 5

0F Na,WO,-HEC-SPS
Stock solution

—0.01
§
5 —0.02
5
@)

—0.03

O e 07 06 05 04

Potential/V
E 8 IR H-HEC-SPS HHLAL 7 -5 ML AL BB A PR AR

LK
Fig.8 Cyclic voltammetry of sodium tungstate-HEC-SPS
additive and coarsening solution



a9 K 11l

XUMRAE B9 15 B 2 USR] TR PR f P A 0 2 v b B T A <173 -

YERT, BEA TR [a] 0 JE 4, e 9 0 et 1 o o 251K
TR AR SR A B

DUBLH AR A 2R (D)3,

- _ 10000Am W

pSt

R, VRTIRER, Am WEEIGE, BRI
FHE] CHBUEHR 0~10 s), S AHVIEIHA (S2E
3.38dm*), p NUBUCEMEE (H%E 8.9 g/lem’ ),

BHE 9a FiERAS AKX, THH IR -
HEC-SPS 5HL{b Rkt L TR R 152, anf&l 9b
Fiim o BEAE, B BT R R IR, PR R
B R, BmUTEEE Sk 8 s it ThaE, Hl
B S5 2 RN -HEC-SPS F8 5] e YT FR 2R 43 1 Ky
33.0 pm/h 1 29.8 pm/ho X2 H T HL AN AS A9 15 15
T, BEE HUUR ] A e, 4 B 7E B F DR,
TR 5 Cu™ T B4 A W e 5 7 DU A i W ff
FHLPS TR AR, SECH VIR P, B E R
8RR MXTHIIE R, ASRR4N-HEC-SPS & A1
JnFapx e PR RCR A AR L X S it
AR MR (1 8) AL R —3.

—=— Stock solution .
60 | —e— Na,WO,-HEC-SPS /
EE L )
b /
o]
B
20
0 .
6 8 10
Time/s
a T B R B ] AR 4k
35.0
= o
g 32.5¢
3
8 .
=
.S .
g 30.0¢ . . .
53
A —=a— Stock solution
—e— Na,WO,-HEC-SPS
27.5

0 2 4 6 8 10
Time/s
b IR
B9 WRINESEREN-HEC-SPS A AL R S5 R Ak RO Hh B it
REVESPINa
Fig.9 Effect of sodium tungstate-HEC-SPS and coarsening

solution on electrodeposition efficiency: a) change of sample
quality with time; b) electro-deposition rate

AR LIRS, 7R i, o iE e g
S5 1 T A5 0 H, B L — 45 S PR, B g ot R
Q) rRe,

Cu*'+e > Cu" E°=0.15V (2)
Cu'+e — Cu(Adsorbed) E°=0.51V 3)
Cu(Adsorbed) —— Cu(Crystalline) 4)

HY R AT, A5 R 94 o) ] P, AR ) 5% i L )
FEASELL T W —Jr T, 7EHR DU R I A
HilEl A Cu', PR AR —E i Na,WO, I, AR
BRE R LY, Cu' 5 WO, T R R (%% 59
NG B OB R B, R Ik 5 — DT,
Na, WO, 55 &1k K Bl AL A i i i bl 2 18T B Cu, 00,
b — 20 S BIAAR AL TG K, BTG, BHAT R IO
Fio MAh, SPS 5 Cu"KAEZG RN, EHEEY),
MITFEAR Cu B9 BOR L, WEIH Cu myssc, 14
el O AR B LA, A e TORR S N Y AL RE , BHL RS
B OR AR B SN R, N R A= (s)
/RPN HEC AR Fl &5 ma i (i 45 il A2 R7 .,
WG, A S R IR S A A R ) FLTORR,, R R AR RS IR A
SPS s A ALRIVEM T, WA S 1 IR 1Y ]
WAl , FRIL Nk g i A7 5 i A R A RS

Cu"+SPS(Adsorbed = Cu(Complexing)+e —>

Cu+SPS(Adsorbed) 5)

2.5 $BERN-HEC-SPS E&ARMFIRE
L35 B L B 2 i

kT Sl DT ) o B R s L MR Ak A B
SR, 3 = 4 R R S AR T A R T O
o WA 10a FroR, Y88 AL R R, BT
J A 2 T U R S R A 22 2k L TG R R AR A
MR, R T ARUURUR A B, 1107658 8 H B
WIFIERT , RS, DU SR A1
5], W IR GE, AR G R Y
TSRPS0 10b fis o X2 i FAEM R B iR S
BF, MIREN-HEC-SPS B &N S1EM, A Fl
THE R TR AR, 0 ] 06 TS A A A bR AR 7 2

R TR 55 A U 0 R0 K i 9 2% 1T T4
K R FER PR SRS T X PR AT S . BT 11
S AR S AL R AL B RE R X SR AT S 1A,
mEAT LIRS, 76 20 S 43.4°+0.1°, 50.5°+0.1°F1
74.2°40.1°40 I BL T F7 5406, SbRidE PDF AP0
SEOTHE I 43.297° ., 50.433°F1 74.140° 40X B A (111)
(200)F1(220) 7 W HET ,  BEAT HoAt 1 2% S0 AT 06
FWTRLALJZ 0 Sl JoRRLAL 2 o 3% 2 M B iRl SRk
JRWOARE X SPRATHREE S . MERTTH, SR
FACIREEA H, A d s AL oL L e (11 5
(200) & T AT 5555 BE A BT R B, T (220) A T AT 5 5%
JE R ERR (5 83.72%4% TH & 89.03%., M4,



<174 - * wm #H R

2020 4F 11 A

a HALEW

b FANESRRHH-HEC-SPSHMLILIK

K10 a2 =4 sl ) R se i
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