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Abstract

In the non-cyanide-based electroless Au plating solution using thiomalic acid as a complexing agent
and aminoethanethiol as a reducing agent, analysis of each component constituting the plating solution
is essential for the analysis of the reaction mechanism. And component analysis in the plating solution
is important for monitoring component changes in the plating process and optimizing the management
method.

Capillary Electrophoresis (CE) method is rapid, sensitive and quantitative and could be readily applied
to analysis of Au™ ion, complexing agent and reducing agent in electroless Au plating solution.

In this study, the capillary electrophoresis method was used to analyze each component in the
electroless Au plating solution in order to elucidate the complex bonding form and the plating mechanism
of the non-cyanide-based electroless Au plating bath. The purpose of this study was to establish data
for optimizing the monitoring and management method of plating solution components to improve the
uniformity of precipitation and stability.

As a result, it was confirmed that the analysis of thiomalic acid as a complexing agent and Au"" ions
and the analysis of aminoethanethiol as a reducing agent were possible by capillary electrophoresis. In
the newly developed non-cyanide-based electroless Au plating solution, it was confirmed that Au™" ions
exist in the form of Au" having a charge of +1, and that thiomalic acid and Au" are combined in a molar
ratio of 2 : 1. In addition, it was confirmed that aminoethanethiol can form a complex by combining
with Au’ ions depending on conditions as well as acting as a reducing agent.

Keywords : Cyanide free plating; electroless Au plating; Immersion ating; Autocatalytic plating, Capillary
Electrophoresis; Complexing agent, Reducing agent.
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Table. 1. Reduction potentials of gold complexes [24], [25].

Ligand Complex Reaction E° (V) valiant
0O Au(H,0)," Aut+e 2 Au(s) 1.68 1
2 Au(H,0),* Au”t +3e” 2 Auls) 1.50 3
o AuCl,” AuCl,” +e” 2 Au(s) + 2CI° 1.15 1
AuCl,~ AuCl,” +3e” 2 Au(s) + 4Cl° 0.92 3
SCN- Au(SCN),- Au(SCN),” +e” 2 Au(s) + 25CN_ 0.67 1
Au(SCN), Au(SCN),” +3e” 2 Auls) + 45CN 0.64 3
I Aul,” Aul, +e” 2 Au(s) +2I° 0.58 1
Aul Aul,” +3e” 2 Auls) +41° 0.57 3
NH, AuNH) AuNH),” +3e” 2 Au(s) + 4NH) 0.56 3
OH" AuOn),- AuOH),” +3e- @ Au(s) + 4OH)" 0.48 3
Thiourea Au(Thu.),” Au(Thu.)," + e~ 2 Au(s) + 2(Thu.)" 0.38 1
S,0,% Au(S,0,),” Au(S,0,),” +e” 2 Auls) + 2(S,0,)" 0.15 1
S0, Au(S0,),” Au(S0),” e 2 Au( + 2030,7 0.06 1
R-SH Au(R-S)* -0.5~-0.6 1
CN- AuCN), AuCN), +e @ Auls) + 20N ~0.65 1
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Fig. 1. Schematic diagram of capillary electrophoresis device and principle.
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Table. 2. Composition of immersion type Au plating solution and plating conditions.

Component Concentration
Au(I)Thiomalate 0.01 mol/L
Thiomalic Acid 0.27 mol/L
Potassium Dihydrogen Phosphate 0.15 mol/L
pHat25C 7.0
Bath temperature 80 C
pH adjustment KOH
Table. 3. Composition of autocatalytic Au plating solution and plating conditions.
Component Concentration
Au(I)Thiomalate 0.01 mol/L
Thiomalic Acid 0.27 mol/L
2-Aminoethanethiol 0.40 mol/L
Potassium Dihydrogen Phosphate 0.15 mol/L
pHat25C 7.0
Bath temperature 80 C
pH adjustment KOH
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Table. 4. Analysis conditions of thiomalic acid and aminoethanethiol in electroless Au plating solution.

For TMA analysis | For AET analysis
Aperture HP3D capillary electrophoresis system
5 20 mM Propylenedode.cyl carbonate 5 mM 2—%{Oy$1(\)/[xifr—nils%%zboulfyric acid
uffer 5 mM Carboxylammoniumtetraborate
pH 4.78 (with 1.0N NaOH) 2 mM 18-crown-6
2 mM Acetic acid
Fused-silica capillaries, 50 i ID Fused-silica capillaries, 75 m ID
Capillary (total length 80.4 cm, (total length 80.5 cm,
Effective length : 72.0 cm) Effective length : 72.0 cm)
Detection
Window Zm Zm
Injection 50 mbar for 4 sec 50 mbar for 4 sec
Signal 350 / 20 350 / 20
Reference 230/ 10 210/ 20
Temperature 20T 20T
Voltage 25 kV 15 kV
Current 100 pA 100 pA
Polarity Negative Positive
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Fig. 2. Analysis of electroless Au plating solution using PDC-based solution.
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Fig. 3. Analysis of electroless Au plating solution using imidazole—based solution.
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Fig. 4. Calibration curve for analysis of TMA by capillary
electrophoresis.
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Table. 5. Changes in the concentration ratios of Au® ions and Thiomalic Acid.

29 A B C D E F G
TMA g/L 0.188 0.375 0.75 1.50 3.00 6.01 12.01
mol/L 0.00125 0.0025 0.005 0.010 0.020 0.040 0.080
Au g/L 2.0 2.0 2.0 2.0 2.0 2.0 2.0
mol/L 0.01 0.01 0.01 0.01 0.01 0.01 0.01
TMA / Au 1/8 1/4 1/2 1 2 4 8

Fig. 5. Analysis of TMA-Au complex salt solution.

Fig. 6. Concentration change of each component by
changing the concentration ratio of Au® and TMA.
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Fig. 7. Oxidation of thiomalic acid according to storage
time at room temperature.
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Fig. 8. Analysis calibration curve of AET in autocatalytic
electroless Au plating solution.
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Table. 6. Changes in the concentration ratios of Au” ions and AET.

= Au ¥4 23} AET 4 A3}

Au AET/Au AET 9.5 10.9 Au total 11.3 12.3 12.9 AET Total
0.01 0.00 0 476.1 1947 2423 7.89 7.89
0.01 0.25 0.003 465.1 1914 2379 8.5 8.5
0.01 0.50 0.005 462.4 1895 2358 17.6 17.6
0.01 1.00 0.01 477.9 1940 2418 4.1 17.5 21.6
0.01 2.00 0.02 465.2 1939 2404 3.3 19.7 23
0.01 4.00 0.04 468 1963 2431 6.12 23.2 9.1 38.42
0.01 8.00 0.08 449 2027 2476 14.6 335.5 22.03 372.13

FA8 Au =58 Foll42] AET-Au 2H4|9] 4
H7IU &S ot A& A= & 6°] Au”
o] 231} AETY sXHlE #st =21 ¢ 7uty
A719%E 24 A4 T39 HEE e
At AET / Au®] 5XHIE 0 ~ 871X HSIA]A
B4 A3 Au® o]2 5% 0.01 mol/Loj tigt
AET 5% 0.04 mol/L, &, AET / Au®] 5XH|
7} 4 olglo e §BAETY St WL gto=a
AGe S YeErH L oy, AET / Au9l 5%
H|7} 4 o]A}o A= 98] AET 9 5=t 3435 &
7RRitte A& 1T 4= Ath(3™ 9) ol& Au'
0] 2 1 mole°] t3ll AET 4 mole9] H|=2 ZAglst
I U U= AR, HAIQF A Au &
FHo| AFREE AETE SHAA| 249 ghiint
ofal Auete] HAE FAot= HSHA 24 9
28 r o = Qthe A Uit} ol tE A
o] HAIQF A Au =FHQl ofFFA-E] 0 FHAF
Al B4l Au ZFHNANE FARRE FFS UE
Wrh= Zo] BEuEo] it} [11]. &, oFH4=y
EE, oFHMIVEER, HRFAMEES TRt
ZORRIAMNGEE &2 fHgotvlBahE SHA
2 Aok HIAIRMAl B8l Au =g 3lof
A ZASHA R AFEE FHO] Ao AHEE]= of

Fig. 9. Concentration change of AET according to change
in concentration ratio of Au” and AET.

I EFL AsHAZH 9] 9T 2t ofyet =
Ao detAE SUAE 28T £ glom, o}
A 9 EJ Q3RS 224kA0] 9lF] B Follk
A4 Abstol oo AE £ Qtk= Hol B A+
oA 9] =g A|AE T -FAFSH

3.5. HIAIQHA| 2He Au =2 SO0M AET
X9 Lts}

FA5)] Au =g oA SHA= APLH o R A
SlotH Al RS HEsit. SHeA 9 Abstol Q)4
e XS =59 59 Au’ o]0 dhotA &
4 AuZ 3= dREolt) o] A Y A 9 At
s} Hh-33 F40]29] S mFAo B
Hol Mgt WAoo A& 0 R A =g mut
S FAote 2HNAN =F S Alojd ¥
87} itk o3l o] R E =g FolA 9
Ao ApA Arsle TFHo] 7] QHYAS

& 7oA A7ISHE Au =5 SOl e
A AETO] A2 Bt T Ad2 Akl
tiste] AHujete] A719E 24 AAsHH. A
& B 25014 oF 1d LR 9] =g F
oA 9] AETO] T4 B AtSHA 9 5 #4<
AAlsto] 11 A3Hg 9 100] YERH Siot

IH1090A & = e vt go] Ad2H 3
A B7152 &&4tao] Qg FeA| 9 Ateke2

i)

Fig. 10. Oxidation of AET reducing agent during room
temperature storage.
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1279 BE3A] 14%01 86%2] AET7} XF&Es}H,

H{7|Zt oF 1A7bA] 2 59 AETO] 4tshe= H

ol TAHA ehethe A ERlskqin

3.6. &l Au =3 S0M2 AET 2|2
Atst Al

AEA R Zgof oA T §E A7 At
of we} PR = AZH R ASHAH)E] o] 11
s Aastt A4 THoA9 =99 oY
A d F4 oS A7) YA AREE 5
o2 H4t ofyzt SAAQ] £4 E HFo] I
Zoltt, 2 A oA= A4 TFoA 9 A
AET 9] A8t A& BA517] 5to, Cu AlHEA
of 48 Ni-P == ¥ &P Au =52 AHA
3t 3 A7) 20iE Au EFS IdEH 02 AAG)
HA 7|5 Au a5 59 AETS 5= H
3= 24513

2 Ao AE Ta WA 25 m x 2.5
Cu Al 2ujE AHgsto] DA 25 ar 0]loH, =
=+ A% B 09 m, T2 Au SH2 43 4
mg, A71EME Au =59 & H3l= 0.4 dm?/
Lolqith. AEEE Au’ o2 9 A9 BFS
AABHA] 2 AHOIA Y T AlZtol| WE 7t
JEO s WSS & 79 g9ttt =FuhS
o] Aol wiet A= AESHORE ASHAR)
o] =5HA 100 arollAl ZEE&S F 45% F=
At

FRolete] A7 g5 2o 7 migration
time 9.729] peak+ Au’ 0|29 &, 11 £9
peak= AET AFSIA|9] ko]l 12.289] peak
= AETY 5=& Yepdlith To ¥h3 AIgte] A4
Aol whef =5 SO Au” 0|29 sk HA
St 2715k 2 g/LERE ZaAZF 2408 H
% 173.6 mg &5 %0l ¢F 8.7% 7} AHEo] Z
&2 9 91.3% Ao, Ay A7|Fs
24 A A9 peak? W= IA YEIYA]
A=t} o, =39 F9 AET 9 5= AL
o= A4S, AET ARHA 9] 5= T v
AlZre] ZAaketo Wt A&H o R STt Ea

J FolA 9] AETY Atsh Anef U AkshA| 9]
7vego] diste] 1 110 YERH AT

A7 A71&uEg Au =F Yo ALH
AETY A3 A= EAFMW) 152.28¢
(NH,CH,CH,S-SCH,CH,NH,)2] 3}3&Eo]H,
AET9] Ashg-2 o34 02 Hed 4= qlrt.

e rie o]N ok

2SHCH,CH,NH,
— NH,CH,CH2S-SCH,CH,NH, + 2H" + 2¢’

=, 28Z9] AET7F 18AH9] AFSHA(Ox) 2 AFsH

H, 53 4R 8F glo] 47150 Au =
F8L A% ASRS A9 42 AT AYS

=
of Ay F7}, =2 WH 375 af 714 el

SHAth A71EWE Au =29 59 Au” BEE
IA FAsHY oY, & Fof 5FAF Ni-P mdto
ZRE g0 TUFE Ni2 AEFH A Lt
o= A& Au EFENA = 250 ar ©]/golA]
Ni A% o], 375 arS =335 4% Ni SJFS
3.59 ppm AZ7HA] S7FstHE AT v wE

T, A71EWE Au =29 T3 7S Fol AH
3t 5ot 543 FE9 Au” 2 AETE B35}
WA 1.0 dm’/L E5512 A&eFS AR 2
I A& EEE 0.9 ~ 1.0 m/hre HYolA A9
AGstR o, Au’ o] 29 o|Z AH|F2 T T
AR 2HE =28 F9 Au' 0|29 F& ®S}
o} A9 A5t AL EFoA AFH =FY

Fig. 11. Oxidation of AET reducing agent during plating
reaction.

Table. 7. Change of Au” ions and AET concentration according to plating time.

Plating Time Plated Result of CE Au content Amount of
(min) Area 9.7min 11min 12.2min in Bath Plated Au
0 0 792 111 3106 2.179
60 25 786 577 2171 1.897 43.4mg
120 50 696 832 1471 1.6885 86.8mg
240 100 796 1189 1411 1.209 173.6mg
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Hol 5o g 4 MTOZHA] ALK EE H]
AHA] B8 Au EFHS ARE5te] Z7|Suid
Stal & QPP FS ALY

x>
c
HT
ol
i)
N
o
e]

4.8 E
B WA A A| = ARE-SHAL ofu| ko gHE|
=2 SHAR Aot AER Y9 HIAIQE
A FA] Au ZgHo ojA, ZgdZ +4
st Q= ZF AR 42 v &
A g g FA0NAY R e FUEEY 9 &
g o] HASLE flste] ey A7 5
(Capillary Electrophoresis, CE)2 AMg-5to] F
As Au =5 59 23HA|, A D Au™ o]
29 B4Z AAeY, b33 2 222 43l

o

D ZRH et A7 G5 HoZ BAIRMA F+45) Au
T3 Fo] Z3AQ] EoTAl Ayt o]
o] 24 9 A1 ofH| Lo §tE] o] FA4]
o] 7}sotH, Bl QgAY E40= 20 mM
Propylenedodecyl carbonate (PDC), 5 mM
Carboxylammoniumtetraborate (CATB),
pH 4.78 (with 1.0N NaOH)9| J5H& A}
&5, of|ofgtE =] E4ol= 10 mM
Imidazole, 5 mM 2-Hydroxy-iso-butyric
acid, 2 mM 18-crown-6 ¥ 2 mM Acetic
acidE ks F5H2 AT =X Y
SHA| 4] 0] 7Fs stk A& Eelskaitt

2) A5t 7R H]ARMH T Au =g ol A
Au™ o] 22 +19] HskE W= Au” 9 FHIE
ZEA5H, Bl QA AuE2: 19 BH|Z2 E
ol Qlth= Z o] ERI= Ut

3) T3t of| o El S SN = A Q] AR
qtotyel 240 whet Au” o] 23} Ajtolko] 2}
A& B8 4 A2, Au' °] 1 mole°] o
5l AET 4 mole®] H]2 Aokl ltk= Flo]
SRRIE|l o, HIAIQRE A Au =aHof A
BE= AET & SHIA| =4 9] ehiigt ozt
Au’ o] 21}9] FAE FAJst= 2SI EH 9
2 T 4= vk A FRIsHAT.

4) & Ao A A= 7 BIARHA F-48) Au
EFHE ARSSkE ASTwolA HEE =
o ] BHo] gog 4 MTOZHA] 44
T2 HARHA A& F45) Au E=°]
7hs okl & YA = o5
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