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Introduction. Recently, with the development of
electronic systemsquipped on automobiles, the sensors
and/or connectoref the variouselectronic devicesre
increasingly being mounted close to the engine room or
exhaust system. Thigequiredthat the connectorsmust
withstand higher temperature and more asite
circumstance than usual throughout the whole life of
vehicles.The conventional coating materials felectric
connectorsin automdoiles mainly includedvarious Sn
films like electroplatedSn and hetlip Sn, and thenoble
metal coatingdike Au and Ag films. TheSn films are
mostly usedasgeneral connectors because of the lostc
and good soldering abilitjgut thetemperature fostable
electric contact resistands usualy not higher than 150
°C. The noble metal coatingare usually useds special
connectors for high reliabilitythough the cost ismuch
higher than the Sn films

In this study, we will report a novel multilayered
Sn/AgSn film on copper alloywith low cost and high
reliability, which is expected as promising coéing
materialfor various electric connectoend terminals™®
The preseninvestigationfocusedon the evaluation of the
corrosion resistancd,e., sulfuring resistance and anti
oxidation, of the multilayered Sn/Ag films compared to a
commercial Ag film in 2um thickand a reflowed Sn film
The surface stateandmicrostructure®f the multilayered
Sn/Ag films before and dér corrosion tests were
investigated byvarious analyzing methods and the
possible mechanisra were proposed acading to the
analyzing results.

Experimental. Multilayered Sn/AgSn films with
Ag thicknessn 30-80 nmwereused astarting materials
A conventional Ag film in 2um thick and a reflowed Sn
film in 1 um thickwereusedas reference samples

The high temperature oxidation resistanoé the
coating materials mentioned abowas investigated by
heatingat 200 °C up to 3000 h. The corroson resistance
againstsulfidation was evaluated by immersing in &2
ml/L (NH,),S, soluion at25 °C for 30 min— 10 h The
electricalcontact resistance of the specimens before and
after corrosion tests ag measured by an electric contact
simulator ina 4 terminal method vs. Au wire, with a
sliding distance of 0.5 mm at low load from O to 50 g.

The specimens othe multilayered Sn/AgSn films
before and aftevarious corrosion testsereobserved and
analyzedby means offield emissionscanning electron
microscopy FE-SEM) and transmission electron
microscopy (TEM) with x-ray energydispersive analysis
(EDS), x-ray photoelectron spectroscogXPS), glow
dischargeoptical emissionspectrometry(GDOES), Auger
electron spectroscopy (AES), and time-of-flight
secondary ion mass spectromeieof-SIMS).

Results and Discussion. Fig. 1 exhibits a
represendtive  crosssectional FESEM image of
multilayered Sn/AgSn electroplating on Cu alloy. The

Sn/AgSn film consisted of an A@n alloy film with 50
nm-thick e-AgsSn covered on a-fim-thick Sn film on
Cu substrateswhich is different from Sn-Ag alloy
eledroplating? and SmAg hotdip coatingd. The
Sn/AgSnfilms exhibited low and stableslectrical contact
resistancgof ~1 nT2 even after ageingt 200°C for 3000
h, which is equivalent to dse of asplated samples
indicating an excellent electricabeductive stability.On
contrast,the conventional reflowed Sfilm andthe Ag
film showed everncreasing electricatontact resistance
since 500 hand finally failed after ageing for 2000 ,h
beyond the measuring range of Q. The excellent
stability of electrical contact resistance for the
multilayered Sn/Ag:Sn films can bemainly ascribed to
the good oxdizing resistanceof the AgsSn and the
inhibiting effect of the Agfrom AgsSn alloy againstthe
Cu diffusion from the substrateaterials.

Moreover, the multilayered Sn/AgSn films
succeededhe acceleratedsulfuring test with unchanged
appearance and stable electrical contact resistaves,
lasting for 100 h. Wile the conventionalAg film and
reflowed Sn film failed the sulfuring testlosing the
glossy ino a dark brown and delivering an ever
increasing contact resistance wipholongedimmersing
period. The excellent sulfuring resistance and durability
of the Sn/Ag film can be mainly ascribed to the
chemically stable Agpn alloy covered with a thin Sn
oxide film, which enhanced the corrosion resistance of
Ag-Sn alloy film and hindered the chemical rezion
between the Ag and the S outside.
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Fig.1 Cross-sectional FE-SEM

image of a
multilayered Sn/AgsSn film on Cu alloy.




