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Effect of Compositional Ratio of Additives
on the Plating Properties in Environment-Friendly
Electroless Plating Reaction
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lDepartment of Chemistry, Kyungwon University

’Department of Industrial Chemistry, Sangmyung University
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MNZAS 7S] $€)5}e], potassium ferrocyanide, aminoacetic acid (=glycine), 2,2’-dipyridylZ} 7S H7IA|IE o] &
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Abstract The purpose of this study is to investigate the effect of compositional ratio of additives, such as
potassium ferrocyanide, aminoacetic acid (=glycine) and 2,2'-dipyridyl, on the physical properties of copper layer
deposited by environment-friendly electroless plating reaction. The highest plating rate of copper layer,
9.5mg~cm’2-hr'l, was obtained at 20 mg/L of potassium ferrocyanide and 0.01 mol/L of aminoacetic acid, which
coincided with the change in the hardness of the copper layer. In the additives used in this study, potassium
ferrocyanide was considered to improve the plating rate, aminoacetic acid increased the hardness value of
deposited films and 2,2'-dipyridyl enhanced the brightness of copper deposited films.
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[9,10]. FHe =T =Y
S82A ANE BT o), 4% AP o] WEEe
AxaE A}FHSl= EMI (electromagnetic interference)
shield J-§7]&2% ZHA A&E1L SIoH1,12]. -
eg7las Esto] JEgAo] MR 7s48s F
of3t7] $laiMe 7124 EaERA o] =g&e
F== H7HA o] didd] Sasft) 1e|al o]2fgh
A7 ol WIEA] By FeokEE Ee 74
eg3iol 7hedh gk Aol I v A=
gfo] A2 A AFEFFTHS RIS oFt FITH13,14].

oo & AolA= H&AFA Q] FA a7 |e
ZHEA7I R 2L FF7e2A A=
Zow sto], HAg Ffelegds Tl I
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NE AAISHo], 7|20l Wol ARSI Q= E=a ke
HAE EolAt sk3iTt, ol2jgt H23 o2 EDTAS 2}
SHA 2 formaldehydeE FHAAR sh= FAd) Ae=a
& 7| EEg 8-S AL, o] 7|EEF8of 18 7t
A2 A 2,2'-dipyridyl, potassium ferrocyanide, aminoacetic
acid (=glycine)& 217+ AME-SI3E 7490l o] 74
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A: Substrate F: Temp. Electrode
B: Magnetic Hot Plate Stirrer G: PH Electrode
C: Copper Plating Bath H: Condensor
D: Oto-titrator I: Magnetic Bar
E: Temp. Controller J: Valve

(23 1] 580 Felmaaage] maw
[Fig. 1] Schematic diagram of electroless copper plating
system

[® 1] £48 Fe=ae] #F =548 21
[Table

1] Standard plating solution conditions for
electroless copper plating

Composition Concentration
CuSO,4-4H,0 0.04mol/L
EDTA-4Na 0.08mol/L
HCHO 0.1mol/L
NH,CH,COOH 0~0.6mol/L
C0HsN, 0~40mg/L
K4Fe(CN)s-3H,0 0~40mg/L

plating condition : pH=12.2, bath temp. =70C

B AN AHEE ABS AE B3-S AN
o IN-NaOHEo] 1417 A= §7h E8g A7
31, chA IN-HCL §oo] 302 A= AN 5 3
ek, FRAC SAR 242} 388 2 LI HE A
steich. Jelm XS Bste] EWS AT Aeie
A 4HE 7R OR BHe etching §lol SR} A
AFLOw, AH30] SaCl Bo4E F4Em)E AHgStsct.

2.2 2N

221 538

A Ee] 3t EFEEE & BF8T 2709 A
& ARgste] 1AZES RS EFS S1US W] ¢
WAY EFPOR ARESte] T HRHOR (mgemhr)
Axstolet.
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TelzZuure] AxE nfo]ag HAAATAZ A}
g3}o] 312 50g, ZAAZE 1022 3to] 3 AJH|| o3
27} 5314 ZAslo] 1 B Fskeich
ol& Esto] =FAue] A7 sEREP} mgu]d)
of wAle S Fokksith

2.2.3 XRDEA
EE4wet JEUskE 24T A7te) Ause 24

Apehg Abwa7] Sfeko] XRD 248 AAsHch XRD
2L target: Cu, filter: Ni, tube voltage: 30kV, tube

ampere: 30mA. scanning speed: 2°/min ©]$C}.

3. Zn & n
3.1 M9l z=dHs =3E40l 0|xl=
ot

Aminoacetic acid (NH,CH,COOH)®] =& 0 ~

0.06mol/LE Felstel T8 Felmae AXIAS .

aminoacetic acid®] EEH3}of el RAE =9

EFEEHEE potassium ferrocyanide (KsFe(CN)s3H0)2)
R0 ~ 40mgl)R 17 2-40] LreRpich

KAFe(CN)é.BHZO =0 mg/l

.hr_l)

-2

Plating rate (mg.cm

! 1 ! ! L 1 !
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Concentration of NH. CHZCOOH (mol/1)

2

[O23 2] Potassium ferrocyanide®] %7} 0 mg/LojlA]
aminoacetic acid®] FEHIP} | =FEE
SR

[Fig. 2] Effect of aminoacetic acid concentration on the
copper plating rate at 0 mg/L of potassium

ferrocyanide

1% 2% potassium ferrocyanides H7}5FA|] kS
W], aminoacetic acid =3} ThE TS| L=
o] E=E&=o] HStE Hola Qlrk 7 204 Hoix|
+ Z A ¥ aminoacetic acid®] %7} 0.0lmol/LY o] =
FEEE 9.0 mgemPh' 24 7P 3A Uehgton,
aminoacetic acid®] =%7} 0.0lmol/L o]JAlo] AL} 1 o]}
N EFEEA Pasich olgh ol
aminoacetic acid®} potassium ferrocyanide] ‘&I=H]|o]| A
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(19 3]

s
=45
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hr =' )
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w
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[12! 3] Potassium ferrocyanide®] ‘s%=7} 20 mg/Loj|A]
aminoacetic acid®] FEHIP} L EFLE0|
ulxE o

[Fig. 3] Effect of aminoacetic acid concentration on the

copper plating rate at 20 mg/L of potassium

ferrocyanide

o|¢} Z2 A=
ferrocyanide®] H7HA1E FUTCEA ]9 Svk-3
o] Yojip= XHHA9 pHEY A& A8k,
11 A3} YA 2 formaldehyde?] 20| AsbE]= A
= JAXIRLZA (DA 22 Z7|E5mE} 98- £
AlZ|13L ()41} B2 Eafuhd-2 AN LR 4] =g
&7t S7FH =7l gidl AR A" &,
aminoacetic acid®] X7} 0.0lmol/L & uw], =58 39
Al formaldehyde®] ghelglo] 7P A yehta, O=
Q18] Ax|EHLNA Fejol2o] FHAHRE SH-AE
= ¥kgo] 7Y Al A= S7] wZolrh{12].

aminoacetic acid?} potassium
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Cu®" + 2HCHO + 40H
— Cu + H, + 2HCO, (1)

2Cu*" + 2HCHO + 50H
— Cw0 + HCO; + 3HL,0 (2)

o b O KAFe(CN)6.3H20 = 40 mg/1
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[22! 4] Potassium ferrocyanide®] &%=7} 40 mg/Loj|A]
aminoacetic acid®] FEHI7} LY EF<4Eo
uAs I

[Fig. 4] Effect of aminoacetic acid concentration on the
copper plating rate at 40 mg/L of potassium

ferrocyanide
B, 29 40 B ekt gt AN, domgLel
potassium ferrocyanideS Eo-80 FQ3t ALo=

aminoacetic acidE H7}5HA] & Ao EF&EET}
93mg-em™hr' 2 H 7+ YEFY ), aminoacetic acid
o] sk FYHI T ool F/Gl Weh £

+= aminoacetic acid®] Fx=of gHa|g|5}te] 74381t Sk
ARt HegdHes
ferrocyanide?] HEH]E 0.0lmol/Le} 20mg/LZ F-A|A|
el BlsiA w2 S dEhllen], olE Al
aminoacetic acid®} potassium ferrocyanide®] AJH] H3}
2 Bolx Bae TeERe) AY MIEES Aofz
S 9ee ¥ 4 A

aminoacetic acid?} potassium

% 5-79+= 0 ~ 0.06mol/L2] aminoacetic acidS =
F80] Tlslo] ms) FHEFNEOR AL 72
9|uto] A= H3}E potassium ferrocyanide?] sE=H(0 ~
Homg)2 ekl Aoleh. TYA] mi vig} go| B
HAEFoR AT Felmuke] ZEMshe 17 2-40]
ANEYE EFEERsILS AFS eyt 2
e Fesee) Aot 2 Ago] =T AHe] e
= 7h Selsict 3 ATolN o ER4Eg e

W H7IA] 2AAZAQ] 20mg/L2] potassium ferrocyanide
2} 0.1mol/L2] aminoacetic acido|4] 182HVE] A=
= Yeldck 138 3 E3F 2 7] potassium ferrocyanide
o) TS domglLe GAFHA RAEFOR Qojxl
Felaue) ARNSE ERsEwsiel 2 A4S o
epodAeh A4 el make] elo] aminoacetic acid
of Egvlel uet ole Moz wsfsielch

KLFe(CN)s.BHZO = 0 mg/l

100 [

Hardness (HV)
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Concentration of NHzCHZCOOH (mol/1)

[12! 5] Potassium ferrocyanide®] s%=7} 0 mg/Loj|A]
aminoacetic acid®] L HI} EFuul rof
uAs I

[Fig. 5] Effect of aminoacetic acid concentration on the
hardness of copper layer at 0 mg/L of potassium
ferrocyanide

K,Fe(CN)¢.3H,0 = 20 mg/1
180 |-

120 -

Hardness (HV)

90 |- O

60

1 1 1 L 1 L 1
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Concentration of NHZCHZCOOH (mol/1)

[12! 6] Potassium ferrocyanide®] =%7} 20 mg/Loj|A]
aminoacetic acid®] FEWHIP}T =FTut E o
nXe I

[Fig. 6] Effect of aminoacetic acid concentration on the
hardness of copper layer at 20 mg/L of
potassium ferrocyanide
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[12! 7] Potassium ferrocyanide®] *s%=7} 40 mg/Loj|A]

aminoacetic acid®] FEHI7} =G99 zof
HA g

[Fig. 71 Effect of aminoacetic acid concentration on the
hardness of copper layer at 40 mg/L of
potassium ferrocyanide

ool Al AmE  uHiep o]  JEFE|Eg8o|
aminoacetic acid®] H%=Z5 0.01~0.02mol/LZE A5}
S o] potassium ferrocyanide®] H7}g = FUsHA|
ns e Wge] BRhwet BRuue] 4w gk
o] IA YEPO ™, T3t aminoacetic acid®] Hx=7} #
W48 w2 T AT AL YA L Fol 9
The AE BT 4 Y
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o == 00Imol/LE HA3} 51AL W] LA w2
£r o} Eamuzo] tiete] ® 22 Hesilth & 2
of 2 Ueht Sl AAE, & dtellAe el tids]
frofiet Alohel = SlgkES ARESHA] 2 TSl Ee
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[Z 2] Potassium ferrocyanide®| = H3bd LA =
&5} EauugEe] wat

[Table 2] Dependence of the copper plating rate and the

hardness of copper layer on pottassium
ferrocyanide concentration

Plating rate
K4Fe(CN)s3H20 P Hardness
[mg-cm™-hr]
Omg/L 9.1 130 HV
20mg/L 9.5 182HV
40mg/L 9.1 170HV

aminoacetic acid = 0.01mol/L

3.2 2,2'—dipyridyl2| 717} =2EMol| O|x|

= @

) =E4=Ee Fegks vehd d7H 242790
20mg/L2] potassium ferrocyanide®} 0.1mol/L2] aminoacetic
acido]] 0 ~ 40mg/L9] 2,2'-dipyridyl-S& =g H7}s}
of, B8] TelERe AAsn Tu) glojdl EasEe)
Canute] AEHstE 19 8, 9o 42 vEhflth 1
3 82 HH 2,2-dipyridylS F7FSHA] &2 Aol =
F4E7F 9.5mgem™hr' 2 o]l 11 ko] F71e
T8 Eg&Ert gastel F7bse 40mg/Lef] o]=2A
= 71 gk 40mgem™hr'® Gobgrt. ol#jdh g
2,2'-dipyridyl¥} aminoacetic acid92 7]EL2] =89
HAARE ASmr) dHoR £ o e Lehlm oo,

10

Plating rate (mg.cm‘z.hr_l)

Il 1 1 1} 1
o] 10 20 30 40

Concentration of CstN2 (mg/1)

[12! 8] Potassium ferrocyanide} aminoacetic acid2] %=
7} 20mg/L, 0.01mol/Loj|A] 2,2’-dipyridyl®] &%

AL Feegdre] nAle IF
[Fig. 8] Effect of 2,2’-dipyridyl concentration on the
copper plating rate at 20 mg/L of potassium
ferrocyanide and 0.01mol/L of aminoacetic acid

a9 9olAE 2 89 Aef o] 2,2-dipyridylS
Ao e Ao maulute] AEs} 12HVE |
tjo]al 1 o] &2 2.2'-dipyridyl H7lgo] S71EdeE I
28z A%S Holal §lal, ojuj HA] Z|E e EgE
o] 2,2'-dipyridylz} aminoacetic acidQh-S 713 S
Hohes 52 A% 32 vehich
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[12! 9] Potassium ferrocyanide®} aminoacetic acid2] &%=
7} 20mg/L, 0.01mol/Loj|A] 2,2’-dipyridyl®] 5%
HI7F EguatgEof v|x= JF
[Fig. 9] Effect of 2,2’-dipyridyl concentration on the
hardness of copper layer at 20 mg/L of
potassium ferrocyanide and 0.0lmol/L  of
aminoacetic acid

o]} Zro] mg& o} e uute] FEgho] gk
Uetd 7Rt mgEo
20mg/L, aminoacetic acid 0.01mol/LTHS 713 Aof T}
Al 2,2'-dipyridyl& H718HA HW, =a&Eet AEglol
HAzre z}2F 59mgem™hr!, 96.5HVE UEM),
2,2'-dipyridyl¥} aminoacetic acid?Z 7|22 =FE0
2 271 A= Hd Ea455Ee e Tt A Eglo]
77} 5. 7mgem™hr!, 94HV 24 ZF e 718 e
Aok TebA EgEEe)t Aot HQl Ea5E 2451
A 22-dipyridylS  H7IsHA W 2,2-dipyridyld}
aminoacetic acid?t& 7|2 2| Eg8o] H7IgE 499
EEEEe) maut] Frgt Brke 2 3 v
g % mguube] FEE vl Fahs o 4 Atk

potassium  ferrocyanide

3.3 X-M 3|HEA

71272 =8 (sample No. 1)} ©o] 7| 2F=gE
o] aminoacetic acid 0.02mol/L-S d7}§+A (sample No.
2), potassium ferrocyanide 20mg/L2} aminoacetic acid
0.01mol/L-& A7}t A (sample No. 3), ZL2]3l potassium
ferrocyanide 20mg/L2} aminoacetic acid 0.01mol/Lo]|
2,2'-dipyridyl 10mg/LS& 7}t (sample No. 4) Y] 7}X4]
TFHeaggols e FH=guol thste] X-A3H
4% 235 T 100 EAISHT

Sample No.3

Sample No.4

Sample No.1 : Basic copper plating bath.

Sample No.2 : Sample No.l + Glycine 0.02 mol/l.

Sample No.3 : Sample No.l + Glycine 0.01 mol/l + Potassium
ferrocyanide 20 mg/1.

Sample No.4 : Sample No.3 + 2,2'-dipyridyl 10 mg/1.

(32 10] 74 F2=F359 XRD #dd
[Fig. 10] XRD patterns of electroless copper plating layer

T 108 AunE jEFE RSN di T
F-2]u]ut (sample No. 1)9] X-41 3] - ej= 2.088(111),
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ol Al PR AEEES molEthlel
Qe ugelEdse] oz WS 24N
Srejslo] =elat 9ol of w33 2ot (sample
No. 2, sample No. 3, sample No. 4)9] X-A 3| EHEHE
goue 7| REass] pas FeEd Huke) XA 5
Hejer o] ARl Uehgon), ArbAe] ERet =
dFol et = H=A9| intensityZ} HSFF=T] sample
No. 1, sample No. 2, sample No. 39] +0 & Fu3
Cu(111)H9] intensity7} {5 ARE & = USIch w2t
A 712 e S
aminoacetic acid 0.01mol/L, 2,2'-dipyridyl 10mg/L < &
715t 7ol BdE =guutdsoel 7Pt o4t o

& ek

o] potassium ferrocyanide 20mg/L,

4. A=

ABS £A1E AEZAZ o1 s FeEdel 9l
o]  potassium
22-dipyridyle} 2-& 7RIS} AN} Eaue] =
Aol A= FFS FA8 FeEathe asEst
sauetel A% 9 AYAee] WaHEoR AT

ferrocyanide, aminoacetic  acid,

D EREET M £ ERelAe BRI 2
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