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Abstract: Extremely thin film high quality copper foil is required to ensure high performance in electronics
and slimness in secondary batteries. During the electroplating of copper foil, Janus Green B(JGB) and
Collagen were introduced as additives to the electrolytes to study their effects. The structural and electrical
properties of the electroplated copper foil were evaluated. When each additive was added individually, the
potential was increased. Specifically, the potential of the group with 30 ppm added collagen was about 27%
higher rather than the non-additive group. When CI ions and MPSA(3-mercapto-1-propane sulfonic acid) were
added to the electrolytes without collagen and JGB, the surface roughness(Rz) increased by about 136% to
2.24 ym compared to the non-additive group. This was the highest value among all groups. However, a
uniform layer with a surface roughness value below 0.3 pm was formed when less than 30 ppm and 10 ppm
collagen and JGB were added, respectively, to the electrolyte. The direction of crystal growth with the JGB
additives tended to go forward to the (220) direction, and the crystal size was reduced by 10~27% compared
to the non-additive group. The addition of Collagen is necessary to reduce the difference in resistivity of the
shiny layer and right matte layer. JGB additives were required to reduce the deviation in grain size. The
results confirmed that the accelerators, inhibitors and leveler need to be properly added to form a copper
plating layer with low surface roughness and to reduce differences in crystal texture of the shiny layer and
right matte layer. Copper foil can be safely and uniformly deposited from electrolytes with JGB below 10 ppm
and collagen below 30 ppm.
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[14,15]. 7}&A 2+ MPSA(G-mercapto-1-propane  sulfonic
acid), SPS(bis (3-sulfopropyl) disulfide), Thiourea(3N, N-
dimethyl amino thio cabamoyl-1-sulfonic acid), DPS(3-
N, N-dimethylaminodithio carbamoyl-1-propane sulfonic
acid) 5 f7] SIER dEA doH [16-18], AAAZ=
Gelatin, 27, PEG(polyethylene glycol) 52| S&A Al
Qg f7] 3gEo] YRR ALEHET [19,20]. HekAl=
JGB(Janus Green B), HEC (Hydroxyethyl Cellulose), &

AQHEF(AB, Alcian Blue) 5 3lgHEo] 2 AR dt}
[21-24].
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Table 1. Chemical composition of electroplating baths.
Separation Composition
Copper sulfate (CuSO,4-5H,0) 0.79M
Sulfuric acid (H,SOy) 1.00 M
Hydrochloric acid (HCI) 0~60 ppm
Accelerator (MPSA) 0~60 ppm
Suppressor (Collagen) 0~60 ppm
Leveler (Janus Green B, JGB) 0~60 ppm
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Fig. 1. Potential performance of the electrolyte at various additive
with different concentrations.

Table 2. Potential and SEM images of copper plated for 12 um
under various conditions

Cl MPSA Collagen JGB Potential

Surface images

(ppm) (ppm) (ppm) (ppm) (V)
@ o0 0 0 0 1.440
(b) 40 40 0 0 1.580

(¢ 40 40 20 0 1583

(d) 40 40 20 10 1.663

(e) 40 40 20 30 1.671

M 40 40 30 0 1662

20um

(g 40 40 30 10 1.690
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Fig. 2. Surface roughness of copper foil (matte layer) at the of
various conditions.

At

ofl

a2y IGBE H7H (9243 ()x79
H] JGBE H7IHA % (h&21H (oA

stk 12 um A2 =5E
B Fd7Ha) A E B 4
A EABAL AR FE Holal glon, Hslo]
PSAS #7138 2o e FH 1 um o] E7)
EAEtaL Aok GAAR] FeS B HUks A
e A ANE FAadle] nAHE TS Hol
, o] HHskA] g F4S Holi Q). HEA|
JGBE 10 ppm #7F3+ (d), (g) ¥ Aol
ulAlstY HEket o] P4 T ATk 2
21} JGBZ 30 ppm F713F (e)x=7dol o] #dst
A Bl BEHow X FHo] A wetd x|
AQl FEHAE 20ppm H7HE A9l IBGH7FEFS
30 ppm "[REOE H7lel= Ao| AAsict dAdE) 7]&

o,

L)

BT

o ol 2 Rl ¢

3

]
A}

I

2
i

L e o
M
g

i rlo

o

—

o

)

O M ot &t o >
£

o g

O

PA—

tlo BN
r\l

2

R

o rr
25

1:,

it r n

o X

Ir

//
/
/ ] 1 i ()
A i /' g
/ Jan AL
1 L 7
p T ()
= | i
- (b)
5 11)
: Jt‘ AL
[\a)
o s e 70 8 9
2 theta

407

AFAF1eIA SRS H7EFel 60 ppme! 73-%-ol=
JGBS] #7Fee] 40 ppm o) 7oA olefst dide] 1
el wEb Ao HekAe] ZAgulel wel 1 3
goll PAE FFgo] F Aoz vhE)

12 um FAZ =F33 1] ARYE BEs] $18]
43 AxE a9 20 Ul HeRr RIS HE5S
Hol(SH, shiny?®) FAZXE(Rz)E 0.77 umzE RE 27
ANM FLsA vEptaL dom, Fel7F AFREHA H7L
Aol PO HF =7Te x| AX77} Hslsioit
HA7HE H7FHA %2 (203 9slol, MPSAE 3
7hE (hEA 22la FERS F7HH SR 20 ppm F7EE
(79 FHxEs EeRr 71X 9] JEFH(SH) tiH]
FHEE7E F7Feidith. 2ev SRS 30 ppm H7HE
OFALSE FHEERz: 0.61 pm)E SH o] 743kt
FHMA, matted)?] FHURE 74 37 7P =&
< HekAol IGB 7S F7138F B2 10 ppm F7F
g)E@zle] 739 FH7F oM oF 25-30% <F
. AREHQ] e o} AAA ] AT
HEH, SFEHAA FHAUA| 7} =2 edge, nodule L
23 needledl|A] H7HAI7F S2F=A Aok S48 Ha A
= AAAI9} HekAl= TR 7T =2 34| isolating
layers A3t LRAANURE ZAAIZIY. W2EA needle
o] JAsh= A& WAStaL Heksrt o] Fozith ey

o]

5
g He2 FH2 AIRE § S o FoAH, e FEe]

Ak
=

K

o ERoA gofo] WAEH o)Fele] FHaT [26].
T4 olefdt o] MEHOE o] FolAUA EH A7)
£ 20tk A9 oA SFARE AL 9]
ZE7h 1 um olste] 24 yEsleio G},

A

A

Intensity, arb.

i A
Pfﬂ)l (200) 1(220) (311)// (b)
A a

40 50 60 70 80 20
2 theta

Fig. 3. XRD analysis of copper layer with various additives concentrations in bath solutions (left: shiny layer, right: matte layer).
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Fig. 4. Orientation index (M) of copper layer with various additives concentrations in bath solutions (left: shiny layer, right: matte layer).
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Fig. 5. Crystallite size evolution of electroplated copper layer with additives concentrations in the solutions (left: shiny layer, right: matte
layer).
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