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ABSTRACT In the road-line map of the lead-free soldering for electronic packaging, the devel-
opment and application of the lead-free solder coating on Cu matrix is a key step. In this paper, an
alkaline pyrophosphate bath and the electroplating processing is developed for a Sn—Ag lead—free solder
coating. The research results are focused at effects of the bath composition and the processing pa-
rameters on silver content and morphology of the coating, the processing parameters include cathodic

current density, bath temperature and agitation.
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Tk AR R R EEEE Cu £, Fi, &
THYEFRAEREEN Cu f, KA 20 mmx 10 mmx
1 mm. HAERTSER 400 5 -1000 SEVALER B Cu S
i, BrAAERAMEALEUREMHIE. BREER
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ﬁf}%@ﬂ*] (Nazco;g) 10—20 g/L
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bhit Sl 2—4 g/L

ERER R INE 70—80 C, MHREER A BimiA R
IR, BIYE, MEKREWETH, REHETRIE &
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Table 1 Bath composition and operating condition

Composition Bath No.
and condition 1 2 3 4 5 6

K;P207, mol/L. 1.1 1.1 1.1 1.1 1.1 1.1
K1, mol/L 15 1.5 1.5 1.5 1.5 1.5
SnSO4, mol/L  0.24 0.24 024 0.24 0.24 0.24
Agl, 107 3mol/L. 255 10.2 7.7 51 1.7 25
pH 85 85 85 85 85 85

Bath temperature room temperature
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Fig.1 Relationship of Agion concentration in the bath with
Ag content in deposit (15 C, 5 mA/cm?)
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Fig.2 Relationship between the cathode current density
and Ag content in the deposit alloy (28 C, bath
No.6)
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Fig.3 Effect of bath temperature on Ag content in deposit
(3 mA/cm?, bath No.6)
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Fig.4 Effect of stirring on Ag content in deposit (about

20 rpm, room temperature, 5 mA /cm?)
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Fig.5 SEM images of Sn-Ag alloy films electrodeposited in

bath No.6 at various current densities, showing grain
refined with decreasing current density

(a) 6 mA/cm?, 24%Ag in deposit

(b) 3 mA/cm?, 41%Ag in deposit

(c) 2 mA/cm?, 59%Ag in deposit
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Fig.6 SEM morphologies of Sn—Ag alloy films by different
baths under stirring at current density of 5 mA /cm?
(room temperature, about 2rpm), EDS showing the
block-like particles having the same composition as
the fine grains
(a) 23%Ag in deposit (bath No.5)
(b) 50%Ag in deposit (bath No.3)
(c) 70%Ag in deposit (bath No.1)
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Fig.7 X-ray diffraction patterns for Sn—Ag alloy films hav-
ing 70% Ag (a) and 4% Ag (b)
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gk I 4 Agt s a R 1)

Agt + 17 = [Ag]] lgK; = +6.58 (1)
[Agl] + 17 = [Agly]”  lgK, = +4.16  (2)
[Agle]™ + 17 = [Agls]*~

BB G SN

lgKs = +1.66  (3)

Agt + 317 = [Agly)*” (4)
REATRE RN
ngu = —(ngl + lgkz + lg](g) =-134 (5)
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