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With the removal of Pb and with the trend of downsizing electronic devices, the distance of fine pitch
electrodes becomes narrower. There is an urgent need to solve'the formation of whisker problem. This
dissertation focused on whisker growth mechanisms for the electronic materials, i.e., Sn-Ag-Cu solder,
electroplated Zn coating, and pur‘e Sn and Sn-rich alloy coatings. It was intended to elucidate the
mechanism of whisker growth, to clarify how the stress in the coating resulting in whisker formation, to
establish some effective mitigation strategy, and to examine a new method of stress measurement for the
coatings.

Firstly, focusing on the whisker growth behavior for Sn-Ag-Cu solder in humid atmosphere, the effects
of reflow atmosphere and the flux on Sn whisker growth were investigated at 85 °C/85 % relative humidity
(RH). Sn oxides formation enhanced the formation of Sn whiskers from the solder while whisker growth
rate increased at the same time of Sn oxidation as increasing the halogen content of flux. An inert N2
reflow atmosphere completely prevented the Sn whisker formation on Sn-Ag-Cu solder as well as improving
the wettability of the solder regardless of flux.

The Zn whisker growth mechanism for an electroplated Zn coating above a carbon steel substrate was
examined. Fe-Zn intermetallic compounds and Zn oxide formation were the source of a compressive
residual stress enhancing Zn diffusion to the surface of the coating resulting in the formation of Zn
whiskers.

In the last part, alloying effects was focused. Sn whisker growth behavior, over periods of time up to
14,520 h at room temperature, was examined for Sn, Sn-Cu, Sn-Ag, Sn-Bi and Sn-Pb coatings electroplated
on copper. The effects of the alloying elements on whisker formation were clarified. Sn-Ag and Sn-Bi
coatings were found to suppress Sn whisker formation as compared with the pure Sn coating, and were
even more effective than Sn-Pb coating, whereas whisker growth was enhanced by the addition of Cu. It

was found that whisker growth was correlated both with crystal texture of coatings and with the formation

of intermetallic compounds at the junctions between Sn grain boundaries and substrate face. The
mitigation effect of Ni underlayar was investigated. The relationship between intermetallic compound
growth and the stress in Sn coating was clarified by a quantitative analysis. It was found that
intermetallics growth rate and shape are two of the key factors on Sn whisker growth in room temperature
storage. Ni underlayer effectively mitigated the formation of Sn whisker. In addition, flexure beam method,

a simple but accurate method of real-time stress measurement, was also examined.
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FEOHT Y —~(LTHSn-Ae-R BN EBEAL L LTERL, S0, HBEHOFRE LTI —EO

BEEESERSN TV, BEBIEHLCBT 2EERESD - X BRICELE T4 AL THY . Z ORIERH
79 =PRI b ORECERCRIT SMATETL Do, V4 ANIEEL D&BESH, Zn, CdR ETHRENS
BRI AL =X ASTREITERR SN TORVRIRT, AL TIIRENRY 4 RV BERRICEE L,
FEA D= A LOMH, RO, TOMFERRLEHELTNS, ZOREL LT, UTORERELA TS,
(1) Sn-3wt%Ag—0. SWikCuDERIZE DV 4 AW DRAEA I =X LEZFHR, BALEDERE T 4 ADRERIE
TEEBARKRUN DS VR OERAIBEL B ST T v I ROBEBRHEL, ~uFr IV —T5 vy
ALERBEAKNEREMHIL, Sn7 4 RV ORBELMHT B2 LEBLACLTVS,

(2) > EMENORET BInY 4 AAITHE L. BRICBI BInY 4 AN ORERVED A D =X L%
=, Indo FBICIIFe - InREBMILEY & FEROBLHITHAE L. - DERIMND - & BN OERSH OEE
LRVIDEEERE L, T4 AAORERETZEZIILHTHIAL TS,

(3) S|BITBIT S Sn U 4 ADDREIKH LTALILOBBERAS, Ag, Bi THEEZRMLZEED > XL, Sn
VA AHTEPRBEE R LEALNI LTS, BLTROWINC L - Th - X ERBECER L OREM
BIZKRE LSBT B, Sn-Cu B4do XiT, BHEMISE ERRBAE L 20 . BRI < O&BRLA MR
WRENBN, U4 AABETMHTERY, —F, Sn-Ag oD X1, MERSHMBRBERD, vAD
EHEEICHHT 5. SnBi B&d o XiE. RELAWAHIBLL, —BICHHT 5, ’

(4) v—F—BEHELAVHTELAR L, RECHRT 5LBRMILANORELZERLLTVS, ZhE
FINT, U4 ADRAECRIET Sn b & /Cu REIHRT 5 SRMILABHROLES ERFMEL T3,

(5) Ni T & OPREAS, RECHRT 5 2BMILANOREHIES Ni THELFHE L Rx Bk
FTHILERLMC L, Ni FHILZ Sn HoX DY 4 A VMEIBRRZE LV L R2RIEL TS,

(6) HiFRBRA (Flexure beam) METHABELRESIL, XBRICIBEHFIELHBE L, BWAEERWELT
W5, EBIT, Do FFEENCRIETLEMDOLELRIE L, B% LT Flexure bean IEX S CENIHEEDS
HBESRT K THBZ L RHH LIz,

PEDE iz, FBXHMT ) —ITBY 57 4 A ARAECHET 5 EWA 5= X AEFICRY %, BROE
B, BEMICED Y4 AVIHBR, SDIT. RELAYORREOERILE U4 AVRE~OHEFHE B2
> TWB, %7, BIFE L7 Flexure bean I35 CENEANEL R UBESE . H o XEHECRITHY
1 ADBEFEENIZY - L i2B L BHIFS NS,
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