Electroless Gold Plating by Disulfiteaurate Complex

By H. Honma, A. Hasegawa, S. Hotta and K. Hagiwara

Non-cyanide electroless gold plating, using a
disulfiteaurate complex, is unsatisfactory because the
complex is unstable and easily decomposes. Bath
stability was improved by using NgSO,, Na,S,0, and
nitrilotriacetic acid as complexing agents; the dispro-
portionation reaction of gold(l) ions was suppressed by
the addition of cupferron, bipyridine or

Ni(CN),- 2KCN. The plating rate ranged from 0.7 to
1.0pum/hr with sodium ascorbate as a reducing agent.
The rate was increased to about 1.5 to 2|@m/hr with
the addition of sodium ascorbate and hydrazine sulfate
Based on these results, gold wire bondability was
evaluated. Gold crystal orientation was influenced by
the wire bonding, and high bonding strength was
obtained with (220) and (311) preferred orientation
gold films.

Gold is widely used in wiring or connecting technolo
because of the recent trend toward miniaturization of €
tronic components. Because gold is very expensive, sg

gold by selective metallization is becoming increasin
important. Moreover, application of electroless gold platj

ing

Table 1
Experimental Process

Alkaline degreasing (40 °C, 5 min)
Rinse (40 loC, 3 min)
Rinse (R.fr., 1 min)
10%—HZSOJ(R.T., 1 min)
Rinse (R.lT., 1 min)
Catalyzingi(R.T., 1 min)
Rinse (R.lT., 1 min)
Electroless Ni platilng (90 °C, 30 min)

ay !
lec- Rinse (N, agitation, 40 °C, 1 min)
ving !
g|y Electroless Au plating (60 °C, 1hr)

to a complicated circuit or isolated area with fine lines and' '°°M temp:

small holes is also becoming important. Most earlier ele
less gold plating relied on the displacement reactfoinere-

tro-

purpose of this study was development and application of

fore, thick gold films were not obtained. Accordingly, eleéaon-cyanide electroless gold plating to fabricate circuits and
troless gold plating based on the autocatalytic reactignelgctrodes on electronic devices, and to evaluate gold wire

Fig. 1—SEM micrographs of gold
wire-bonded area.
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indispensable. Generally,
gold cyanide complex h
been used as a metal sourc&Experimental Procedure

and borohydride or dim; The plating process is shown in Table 1. Plating bath compo-
ethyl amine borane has beerition and operating conditions of electroless nickel plating
used as areducing agent foand electroless gold plating baths are shown in Table 2 (a and
the electroless gold platingb). To improve bath stability, complexing agents and stabiliz-
solution®* ers were evaluated.

The plating bath containt  The thickness of deposited nickel and gold was measured
ing cyanide compounds isby X-ray fluorescence. Surface morphologies were observed
notonly hazardous buttendsby scanning electron microscope (SEM). Gold wire
to penetrate to the photorg-bondability was evaluated as follows: Gold wire (@5 dia.)
sist as well; dissolution of was connected at one point (point A) with heat and ultrasonic
the photoresist results. Forwaves, then connected to another point (point E), as shown in
these reasons, the non-cyaFig. 1. The bonding strength was measured and the wire
nide electroless gold plat- fracture mode was observed, using a tension gauge. Bonding
ing bath has been studiefstrength of the gold wire is in the order C, B, D, A and E, from
Several papers related fothe strongest to the weakest value. Also, the codeposited
electroless gold plating re-impurities were analyzed by EPMA and the orientation of the
ported on the use of pIated gold film was measured by X-ray diffraction.
disulfiteaurate as a metal
source and sodium ascorResults and Discussion
bate as areducing agént. | Selection of the Complexing Agent
The bath gradually degradesAs shown in Egs. (1) and (2), the stability constant of
within several hr, however, disulfiteaurate complex ions is much lower than that of gold
and black precipitates arecyanide complex ion¥.
formed in the batk The

abondability.
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Fig. 2—Effect of stabilizer on plating rate.  Fig. 3—Polarization curves f

or anodic oxidation Fig. 4—Relation between concentration of sec-

of sodium L-ascorbate under agitation condi- ond reducing agents and deposition rate.

tions.
Au(SQ,? S Au*+2SQ? [K =10 (1)
Au(CN) S Au*+2CN [K = 10%] (2)

Gold(l) sulfite complex ions are unstable from acidig
neutral. Further, HSQions are converted to,8,% These
ions act as a strong reducing agent and gold(l) iong

cording to Eq. (4) and (5). Therefore, the concentration of
free gold(l) ions will be greatly suppressed and the stability
of the bath may be improvég’

to [Au(Am)(SO),]° S [Au(Am)2]* + 25Q2 4)

are [Au(Am)2] S Au*+ 2Am (5)

gradually reduced to metallic gold in the solution. Also, free

gold(l) ions accumulate at the reaction interface du
deposition and a disproportionation reaction takes p
according to Eq. (3):

3AU" - 2Au + AU ©)

Metallic gold and gold(lll) ions are formed in the solutic
The bath becomes turbid from metallic gold precipitation
finally decomposes. Accordingly, itis impossible to make
an electroless gold plating bath with this complex only.
study included effects of the various amine compound:s
prevention of disproportionation of free gold (I) ions 8
improvement of bath stability.

Disulfiteaurate complex ions may be changed
[Au(Am),(SQ),] ® with amines (Am) by the coordination

ringBath stability and the appearance of the deposited gold
laftem addition of various amines is shown in Table 3. Most of
the basic baths with these amines decomposed soon after bath
make-up. The plating bath life was extended and the bright-
ness of deposited gold was improved by the addition of NTA,
however.
n. The bath with NTA also decomposed after several hr.
ardacordingly, further improvement of bath stability was stud-
upd by the addition of various stabilizers. The results are
Tldown in Table 4. These compounds may form complex ions
5 foith gold(l) ions and suppress the disproportionation reac-
ntdon of free gold(l) ions to increase the bath stability. The
appearance of deposited gold was bright; bath stability was
iacreased by the addition oflke(CN)], cupferron and 2,2'-
nfbipyridine.

amine groups and these complex ions then dissociated ac-
Effect of Air Agitation
----- The rate of electroless gold
Table 2a L plating was increased by me-
Electroless Ni Plating Bath chanical agitation. Such ac-
Composition and Conditions - celerating effects may result
NiSO, - 6H,0 0.05M . from diffusion control of the
dl—Malic acid  0.15M | i anodic reaction of ascorbate
NaH,PO, 0.30 M Ol o, i ions. Free gold(l) ions were
Thiourea 1 ppm 20 | @ 15appridine 10 Capfarran increased, however, under the
pH 45 = I [ _‘ low levels of dissolved oxy-
Temp. 60 °C £ [ gen (DO) and led to decom-
E 10 [ position. Consequently, to
Table 2b & , decrease the concentration of
Electroless Au Plating Bath . , free gold(l) ions, the effects
Composition and Conditions 20 [mwpwowg  |meogomen | | Of air agitation were investi-
Na,Au(sO,), 0.006 M [ gated. The results are shown
Na,so, 0.10M in Table 5. The plating baths
Na,$,0, 0.10 M 10+ (11 with N, agitation were more
NH,Cl 0.05M | | | unstable than the air-agitated
Na L-ascorbate 0.25M |_._ M1 . plating baths. These results
Stabilizer 0.1~100 ppm o 1110 V8§ i LT | indicate that free gold(l) ions
pH 6 5 18 & 10| accumulate at the reaction in-
Temp. 60 °C Pl siwngi terface and disproportionation
Agitation Al N, Fig. 5—Bonding strength of gold wire. proceeds with the A\Bparged
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Table 3
Bath Stability and Appearance of Deposited Films

Chemicals MEA DEA TEA TP ED EDTA DT TT NTA IDA

Value X X C C X B X X A X

= Monoethanolamine (MEA) « Diethanolamine (DEA)

= Triethanolamine (TEA) = Tetraethylenepentamine (TP)

= Ethylenediamine (ED) « Ethylendiamine Tetraacetic Acid (EDTA)
« Diethylenetriamine (DT) « Triethylenetetramine (TT)

= Nitrilotriacetic Acid (NTA) = Iminodiacetic Acid (IDA)

A: Bath stability and appearance of deposited film is good.
B: Bath stability is good, but appearance of film is poor.

C: Decomposition during plating reaction.

X: Decomposition during bath make-up.

Table 4
Effect of Stabilizer on Bath Stability

ppm
Stabilizer 0.1 1.0 10 100
K,[Fe(CN)] A A B B
Ni(CN), - 2KCN A A A A
2,2'-bipyridine B B A A
Cupferron B A A A
2-mercaptobenzothiazole A A C C
Neocuproin B B A A
Cytosine B B A A
Phenanthroline B B A A
A: Plating proceeds without decomposition.
B: Decomposition after plating.
C: Spotty plating or deplating.
Table 5
Effects of Agitation During Plating
No N, (mL/min) Air (mL/min)
agitation 20 100 20 100
Non-stabilizer C X X C C
[0.66] [—] -] [ [p21]
K,[Fe(CN)], 1.0 ppm A C C A B
[0.93] [1.24] [1.65] [1.19] [1.27]
Ni(CN), - 2KCN, 1.0 ppm A C C A B
[0.69] [0.73] [0.88] [0.80] [1.03]
2,2'-bipyridine, 10 ppm B X X A B
0471 [l [—] [0.90] [0.93]
Cupferron, 10 ppm A C C A B

[058] [0.85] [0.95] [0.85] [1.14]

A: Bath stability is improved.

B: Bath stability is improved, but appearance of deposited film is poor.
C: Decomposition after plating.

X: Decomposition while plating.

[ ]: Deposition rate [um/hr]

increased because of re-oxidation of gold(l) ions by
agitation. No uniform film was obtained, however, un
vigorous air agitation (more than 20 mL/min).

Effects of the Second Reducing Agent

Figure 2 shows the deposition rate, which was almost
stant for three hr. Figure 3 shows the relation betweer
agitation and the anodic polarization curves of sodium as
bate. Oxidation current increased with air agitation.
creases in the oxidation current indicate that the an
reaction of ascorbate ions is accelerated by air agit
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Fig. 6—X-ray diffraction patterns of electroless gold deposits.
(A) Ni(CN), - 2KCN, (B) cupferron, (C) K [Fe(CN) ], (D) 2,2'-bipyridine, (E)
without stabilizer, (F) electroless Ni deposit.

The bath decomposed instantly with the addition of sodium
borohydride. On the other hand, the acceleration effect was
confirmed by the addition of hydrazine.

Evaluation of Wire Bonding
Bonding strength of gold wire from the addition of each
additive is shown in Fig. 5. Fracture between gold wire and
deposited films was not observed, but wire bonding strength
was different for each stabilizer. The bath with cupferron or
Ni(CN), - 2KCN showed from 7 to 10 g/28n dia. On the
other hand, the bathith 2,2'-bipyridine showednly 2 g/25
pm dia.
To investigate the difference in bondability between the
additives, the surface morphology and crystal orientation
were observed. No significant differences of morphology
and impurity content in the films were determined by SEM
and EPMA. Crystal orientation, however, greatly influenced
bondability. The crystal orientation of deposited gold films
was measured by X-ray diffraction. The results are shown in
Fig. 6. Good bondability was obtained with (220) and (311)
gireferred orientation gold films.
der
Conclusions
An electroless gold plating process, using disulfiteaurate
complex, was investigated. Bath stability was increased by
cdhe addition of Ng&BQ,, Na,S,0,, and NTA. Moreover, the
n adidition of stabilizers, such ag[ke(CN)], Ni(CN),- 2KCN,
coupferron and bipyridine greatly improved bath stability.
In- Bath stability was also improved by air agitation. Stability
ptiitprovement by addition of stabilizers and air agitation was
ibased on suppression of the disproportionation reaction of

Consequently, the second reducing agents for preventiprgofd(l) ion. _ _
self-oxidation of ascorbate ions were investigated. As shpwrHigh gol_d-_wwe-_bondmg strength was obtained fr(_)r_n the
in Fig. 4, formaldehyde did not show the acceleration effiebath containing Ni(CN)- 2KCN or cupferron as a stabilizer.
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Free Details: Circle 131 on the postpaid reader service.

Deposited gold crystal orientation also affected gold wire
bonding strength. High bonding strength was obtained with
(220) and (311) preferred orientation gold films.
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