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Abstract

Gold plating is used as a coating of connecter in printed circuit boards, ceramic integrated circuit
packages, semiconductor devices and so on, because the film has excellent electric conductivity,
solderability and chemical properties such as durability to acid and other chemicals. As increasing
the demand for miniaturization of printed circuit boards and downsizing of electronic devices, several
types of electroless gold plating solutions have been developed. Most of these conventional gold plating
solutions contain cyanide compounds as a complexing agent. The gold film obtained from such baths
usually satisfies the requirements for electronic parts mentioned above. However, cyanide bath is highly
toxic and it always has some possibility to cause serious problems in working environment or other
administrative aspects. The object of this investigation was to develop a cyanide-free electroless gold
plating process that assures the high stability of the solution and gives the excellent solderability of
the deposited film. The investigation reported herein is intended to establish plating bath composition
and plating conditions for electroless gold plating, with thiomalic acid as a complexing agent. At the
same time, we have investigated the solution stability against nickel ion and pull strength of solder ball.
Furthermore, by examining the characteristics of the plated Au plating film, the problems of the newly
developed electroless Au plating solution were improved and the applicability to various industrial fields
was examined. New type electroless gold-plating bath which containing thiomalic acid as a complexing
agent showing so good solution stability and film properties as cyanide bath. And this bath shows the
excellent stability even if the dissolved nickel ion was added from under coated nickel film, which can
be used at the neutral pH range.

Keywords : cyanide—free plating; electroless Au plating; Immersion plating; Autocatalytic plating; complexing agent;
reducing agent; deposition rate; solderability.
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Table. 1. Composition of immersion type Au plating
solution and plating conditions.
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Table. 2, Composition of autocatalytic Au plating solution
and plating conditions.

Component Concentration Component Concentration
Au(1)Thiomalate 0.01 mol/L Au(I)Thiomalate 0.01 mol/L
Thiomalic Acid 0.27 mol/L Thiomalic Acid 0.27 mol/L
Potassium Dihydrogen Phosphate 0.15 mol/L Potassium Dihydrogen Phosphate 0.15 mol/L
pHat25T 7.0 pHat25T 7.0
Bath temperature 80T Bath temperature 80 C
pH adjustment KOH pH adjustment KOH
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Table. 3. The test conditions of solder ball bonding strength.

Tester Dage Series 4000
Method Heated Bump Pull Test
Heating Temperature 170C
Heating Time 10sec
Cooling off 50T
Full Range 5000gf
Pull Speed 300xm/sec
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Fig. 1. Relation between plating time and thickness of immersion type electroless Au plating film.
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2. Effect of component concentration and plating conditions on deposition rate of immersion type Au plating solution.
(a %Effect of Au” ion concentration. (b)Effect of TMA concentration. (c)Effect of bath pH. (d)Effect of bath temperature.
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Fig. 3. Changes in deposition rate and concentration of dissolved Ni ions in immersion type Au plating
solution according to the used time in continuous plating.
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Fig. b. Effect of component concentration and plating conditions on deposition rate of autocatalytic Au plating
solution. (a) Effect of Au* ion concentration. (b) Effect of TMA concentration. (c) Effect of AET concentration.

(d) Effect of bath temperature. (e) Effect of bath pH.



Jaeho Han et al./J. Surf. Sci. Eng. 55 (2022) 102-119 109

7FssHAl ®th. A TMA 5= HYolA 2skA9l
TMAY] 5&7t 71l wet A7|&50 3 Au &=
9 HE&E= gaste 4TS Yerd A7)
Ejg F-5] ZFoAE F50129 A Y
o SHA| o] AR 9] A7 =79 FEgo] |
ot I 5 (b)Y A= 23A9 527t 5
71kl whet TMA-Au 2HA1 9] SLAH 7 F-2(H]
2h £O 2 o]Fsto fLEEo] He= AR &
SAA AAHORE HE&EET TFATHE AR
AT 4= Ut

I8 5 (o= AR o) &E]-&(AET)Y
L7t 4E5T vA= FFE HERd Aol
AETY] 5%7} 0.32 mol/L 7]+ EL4A9] 5%
7t 715t Wt AE&E e AA5] S7hskal 11
o9l AET HrolA+ &5 J7= 19
st S & 4 Ut A9 SVt F40]
29| 719} ARG AR A& g ¥
9] 50| He AAAE 77 9T
Th= JOo2RE ARTY 5% Z71e &7 4
LT Z7Fstal o AT

ofu] o &HE]-&-& YA Z Sf= TMAA H]A]
A715ME Au =F 72 82571 50 T o]
A= A9 §go] dojuhr] grom, 60 T o]
o= Ea& 259 37t A 4E&s =
ol Ao R F7RIth= AE I8 5 (oA &
= AT

A& Au =59 pH7F AE&5%0 PR
FF= 19 5 (e)°oll YA pH 407512 4k
d G = ot oHE S-S TFUAR st=
A71E2M Y = ¥ dojyr] o, =
AEoME Z=gHo] Ao g HelHA B
SHA| "ok pH 5 ol49] o= EaHe] pH
7} 7K ot AE&r= S71ske] pH 1091
A7t FYANA7HA] B0l 7hssttt I3y =
= 49] pH7} 10 ol/dell A= B st

TN pHY 7ol wet AL B4
o] SHUAQI opm|oetE 2o 43} MR/=
Sht ofl EEFo A 9] TMA-Au 2HA|9] &
e Aatg= 2E & A9 Ax 52
a5kl Ut [33]. 1’ 5 (e)oll Al pH 7 o]/de
oA 4E&HL7}T A AT 716 A2 0]
oA A9 AP F= pHY S71<} @A
o] Ao F7tstt, TMA-Au 249
AFgko] Fasty| wio] I pH FgolA+=
&% T7HE0] Tastes AoE AYT ¢

o}

—_

¢
ol ofo

N

N oox oL S ﬂ

v

‘

30 1 oo M 18 02 Ko L

—
_403

o

3.3. 42| ¥4

Elodits A2 ol AEF Au =552
g4, 592=2A AR EE HREAEd
Az Z2AARE A4 a7} ot s
d, 2 =59 59 A9 FF, = ol "R
T, 22T 5k 50 FA3) Au =582 ¢
4 2 HE 7AEl dF= 771 dEelt 19 6
o 592z2A AMdEE HeTAEd Alx =
EAIAE HER A,

A, LRtz oz AREEE 599 Az 3

2 AAB] SR LA B
A3t 3ol Tyt E
A, 949 W5l 0.1 N9

P gtk oW WoletE Fol
cERKEELE B R
115} 3ol astn, of =
£ A7hetol Z8pA71E Wol ol gtk o] 3
90] AL§H Yok S3po] o

2
ol
)
Y
%
_)..‘ ==
9

w2 o
4 R R fr 2 a2 2

of fllo
2

=

R

1 Q&= oftl7]= &9 Fofl Z&EsHA "t o] &
9 ZA = vf$ A (EX)T 2HAolH, 1 g
A A7 g AtE ok ARt AE 7HA AL /7]
o 2o, Egite] At} vhg- (disufide®} ¥,
2(R-SH)—RSSR + 2H" + 2¢)E &3 A=
dro} Au® o] 22 3HH T &, Aull &0 gt

Fig. 6. Process for preparing thiomalic acid—-gold (Aurous
thiomalate) salt solution.



110 Jaeho Han et al./]. Surf. Sci. Eng. 55 (2022) 102-119

Table. 4. Changes in NHs,, concentration in immersion type Au plating solution.
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Fig. 7. Effect of NH;,, concentration on Au deposited amount and TMA
concentration in immersion type Au plating solution after 6 hours of plating time.
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Fig. 8. Concentration changes of Au” ions and Ni?* ions in continuous
plating performed without replenishment of consumed components.
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Fig. 10. Liquid level of molten solder.
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Fig. 12. Effect of Au plating thickness on zero crossing time and wetting force.
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Fig. 14. Effect of Au plating thickness on solder ball bonding strength.
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Fig. 15. Cross—sectional SEM images of bonding interface and distribution of some elements at various

thicknesses of electrolessly plated Au films.
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Fig. 16. SEM images of plating films obtained from various different electroless Ni—P plating baths.
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