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ABSTRACT Metallograph and wettability measurements have been carried out on copper sub-
strates which have been electroplated with Fe, Co and Ni barrier layers respectively and then with an
excess of hot dipped and electroplated tin. These samples have been heat aged in a satuated vapour
environment to simulate accelerated storage and operation periods and observation made on the be-
haviour of resulting barrier layers between the substrate and the tin coating. It is indicated that Ni
barrier has the highest reliability to inhibit the dissolving and diffusion of copper into liquid tin, but
Jjust has its safety below 350 'C. The Co barrier could be dependable up to 450 'C. Due to the local
ruptures in hot dipping, the Fe barrier is unreliable. Fe, Co and Ni barriers appear to be the all good
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choice in outer electroplated tin better than hot dipping.
KEY WORDS intermetallics, lead wire of electronic components, diffusion barriers soldering
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Fe, Co, Ni #1 Sn #J/%# Fe-Sn, Co-Sn #1 Ni-
Sn e Z+H4r5)7 FeSny (<496 CT), CoSny(<525 C)
1 NizgSny (<794 C) &RIALAYER. XELEHT
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H,S804, 1.5 A/dm?, 20 C; 4 Co 3} CoSO; —=Z
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B 1 Fe BHEEAIE Sn WA
Fig.1 The rupture of 4 um thick Fe barrier on copper sub-
strate during hot dipping in molten tin at 500 C for
1—2s

- Cw 40 pm

B 2 &% Sn %id Fe REE EAMALE Cu Bl
Fig.2 Cu dissolving into liquid Sn passed through mi-

cropassages on 6 um thick Fe barrier (as shown by

arrows) dipped in molten tin at 500 C for 1—2 s
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3 Co BEZELE 400 CHZ Sn Xt Cu HEMZ 2RI
Fig.3 Perfect protection by 2 pm thick Co barrier on Cu
substrate dipped in molten Sn at 400 C for 1—2's

4 500 C#HiZ Sn Bt Co MEEMEEBR

Fig.4 Complete rupture of 2 pm thick Co barrier on Cu
substrate dipped in molten Sn at 500 C for 1—2's
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$i. A8 Sn AHPEIREZERA NizSng(6) AHM MR
#) 6-Sn 3t&, XEHT Ni EARS Sn P BERTEL

ALAEH, REMK, Cu SREBEPBIRET,
SELFKET Cu N, EH CueSns(n) HANH HH
NiAs BiZ5y, EHAE Sn PR AL EERE SR,
ASHHALE. NiEHERELH Cu S AMELZSFMFA
BHBRKEE mE 6 fin. XE7EHE Ni BE 1 pm
B Cu 24 400 'C33 Sn 1—2s BT LA, XATEN Cu
w2 % (16.5 pum/(m-°C)) t Ni(13.3 pm/(m-°C))
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H, LR RE NigSng(d) M. REEREZE 350 CHY,
1 pm EFER Ni [gEZEIELMRYP Cu & LFti A
7£ Sn B s AR HE NizSng(8) 488 6-Sn L&,

5 500 C#2 Sn AT Cu 528k Ni REERFBERY, B
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Fig.5 Cu substrate being well protected by 1 pm thick Ni
barrier dipped in liquid Sn at 500 C for 1—2 s,
but some amount of Ni dissolved in tin and formed

needle—like NigSng phases

6 400 C#i2 Sn B} Cu HEHH Ni REEFH AR
R, {EReE MR Cu REA Sn F

Fig.6 The tough Ni barrier perfectly protected the Cu sub-
strate from dissolving into liquid Sn at 400 C even
the Cu squeezed out of barrier as a papilla, (barrier
thickress 1 pm, dipped time 1—2 s}
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Table 1 Solderability data of tinned copper lead wires with different barrier layers on the Cu-Sn border (wires have been

aged for 16 h in a saturated vapour environment at 155 C, qualified wettability is above —30x1075 N)

No. Preparing conditions of tinned wires Average wettability, 1075 N
(wetting time 3 s)
1 Copper wire, tin hot dipped 1—2 s at 300 C -24
2 Copper wire, tin electroplated, thickness 15 pum -30
3 Copper wire with 1 gm Ni barrier layer, tin hot dipped 1—2 s at 300 C -44
4 Conditions as No.3 but hot dipped at 400 C -37
5 Copper wire with 1 um Co barrier layer, tin hot dipped 1—2 s at 300 C -41
6 Conditions as No.5 but hot dipped at 400 C -36
7 Copper wire with 1 um Fe barrier layer, tin hot dipped 1—2 s at 300 C -32
8 Conditions as No.7 but hot dipped at 400 C —28
9 Copper wire with 1 gm Ni barrier layer, tin electroplated, tin thickness 15 um -52
10 Copper wire with 1 gm Co barrier layer, tin electroplated, tin thickness 15 pum -58
11 Copper wire with 1 uFe barrier layer, tin electroplated, tin thickness 15 um -59
12 Copper wire electroplated with Pb(80)-Sn(20)alloy, thickness 15 um —64
#I5|ERAEFMREY 300 CHIAUR Sn REMEEMHERTIE  BEMRKRPECR, HRREEAEST 350 C. 350 C
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