BASEZAFE £ 7445 % 8 5(2010)485-492

o
[—1]

SvmERRY FICETB(FATET 1 AN DEREE

BHE W SHEZEHE WAEE EEMtE &N TR

RS AR AR T4

J. Japan Inst. Metals, Vol. 74, No. 8 (2010), pp. 485-492
© 2010 The Japan Institute of Metals

The Effects of the Soldering Process on Whisker Growth on Solder Alloys
under the Conditions of High Temperature and High Humidity

Takashi Nozu, Masuo Koshi, Hiroshi Yamamoto, Junya Masuda and Tetsuro Nishimura
Nihon Superior Co., Ltd., Suita 564-0063

Corrosion is recognized as one of the potential drivers of whisker growth in regards to high—tin alloys. In this study, the
growth of whiskers was observed for a period of 5000 hours on Sn3.0Ag0.5Cu (SAC305) as a function of soldering method under
the environmental conditions of high temperature and humidity of 85°C/85%RH, 60°C/90%RH, and 40°C/95%RH. The solder-
ing methods used were dip soldering, hand soldering with flux—cored wire, and reflow soldering with solder paste with all of the
methods using commercially available flux formulations. The test pieces were examined at regular intervals for the onset of
whisker growth, whisker density and maximum whisker length. In addition, samples were taken periodically for the measurement
with the extent of corrosion and correlations between corrosion and whisker growth being explored.

Findings presented in this paper can be summarized as follows:

(1) Whiskers occurs at 85°C/85%RH and the growth rate, is two to four times greater than that at 60°C/90% RH and approxi-
mately ten times greater than that at 40°C/95%RH;

(2) There is a positive correlation between whisker density and maximum whisker length;

(3) For the dip soldering, a positive correlation between the average percentage of the corroded cross —sectioned region and the
maximum whisker length suggests that corrosion is a driving force of whisker growth;

(4) Different soldering methods resulted in varying degrees of copper erosion along with different distribution of flux residues,
and subsequently different rates and locations of corrosion.

It is concluded from these observations that the soldering method as well as the type of flux gives significant influence on the
subsequent corrosion when exposed to high temperature and humidity conditions. Consequently, this also gives extensive effects
on the onset time of whisker appearance and maximum whisker length.
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Table 1 Test boards and test conditions.

Methods Dip soldering ‘ Hand soldering ‘ Reflow soldering
Solder alloy Sn-3.0Ag-0.5Cu (SAC305)
Fluxes (Halide activated) Liquid fluxes A, B ‘ Wire core fluxes C, D ‘ Solder paste flux mediums E, F

Bare copper interdigitated comb pattern

T . . . . .
est boards (Line spacing: 0.15 mm, 0.3 mm, Thickness: 35 um, Number: 25, Test pattern dimensions: 15 mm x 20 mm)

Test boards

Linear profile
Ramp rate 1.5°C/s, Peak temp. 240°C
Time above 227°C Liquidus: 50 s

Inspection times (40°C/95%RH, 60°C/90%RH)500, 1000, 2000, 3000, 5000 h (85°C/85%RH) 500, 1000, 2000, 3000 h

Soldering process
parameters

Soldering tool tip temp.: 300°C.

Soldering temp.: 250°C, Contact time: 5 s Traces soldered consecutively

1. Maximum whisker length at the time of inspection

Observations recorded 2. Fraction of cross—sectional area of solder that had corroded at 1000, 2000, 3000 h

1. Whisker length: Metaloscope, Olympus BX51-N34MD x 200

Measurement methods 2. Solder corrosion: SEM Edge of traces: %2300, Top of traces: X200

Fig. 1 Schematic diagram of soldering methods, (a) dip soldering, (b) hand soldering, and (c) reflow soldering.
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Fig. 2 Measurement of whisker density (a) virtual matrix of
24 lines x 40 rows, (b) the virtual matrix on test board, (c)
closed up corners of test board.
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Table 2 EDX analytical result for each point indicated on the
SEM image of Fig. 2 (b), mol%.

Elements, mol%

Analytical Estimated
points Sn Cu Ag 0 C structure
1 0.2 79.3 0.1 0.9 19.6 Cu
2 335 42.4 0.8 4.9 18.4 CueSns
3 71.9 1.4 1.8 5.3 19.7 Sn
4 25.2 2.6 1.8 57.4 12.9 SnO,
5 24.2 2.4 1.9 58.1 13.4 SnO,
6 23.8 1.4 0.5 58.9 15.4 SnO,
7 65.4 2.7 10.3 7.3 14.3 AgsSn*

* Stoichiometry of Sn and Agisnot 1 : 3 due to high background intensity of
bulk Sn.

Fig. 3 Examples of SEM images ( x 2300) of solder applied by dip soldering with liquid flux A after 1000 h of exposure to the condi-

tion of 85°C/85% RH.

(a) Animage by optical microscope %200, (b) Animage by SEM x 2300, and (c) Identified composition domains, A, B, C and D by

EDX.
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Fig. 4 SEM image of whiskers on solder applied by dip soldering with liquid flux A, after exposure 85°C/85% RH for 3000 h,
(a) %500, (b) %1000, and (c) schematic representation of cross—section of soldered trace.

Table 3 Maximum whisker length at fixed inspection times.

Test condition Soldering method Flux 500 h 1000 h 2000 h 3000 h 5000 h
A 0 6 52 87
Dip
B 43 57 114 220(T) —
C 0 0 14 100(T) —
85°C/85%RH Hand
D 0 0 0 115(T) —
E 0 0 0 413(T) —
Reflow
F 0 0 20(T) 373(T) —
A 0 0 0 23 71
Dip
B 0 0 14 32 63
Maximum length, um C 0 0 0 0 53
60°C/90%RH Hand
D 0 0 0 124 143
E 0 0 55 71 71
Reflow
F 0 0 15 37 167
A 0 0 0 0 0
Dip
B 0 0 0 0 0
C 0 0 0 0 0
40°C/95%RH Hand
D 0 0 0 0 0
E 0 0 0 0 0
Reflow
F 0 0 0 0 0

(T) indicates the whisker of maximum length occurred on the top surface of the trace rather than the edge.
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Fig. 5 Maximum whisker length until 3000 h as a function of
population density on the edge of soldered traces.

Fig. 6 Maximum whisker length on the edges of copper traces
dip soldered with flux A as a function of extent of solder corro-
sion after 1000 h.
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Fig. 7 Maximum whisker length as a function of maximum
percentage of solder cross—section corroded by dip soldering
with flux A.
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Table 4 Thickness of the intermetallic layer at the corner of traces as a function of soldering methods.

Soldering method Dip Hand Reflow
IMC on corner of trace Very thin Thin and variable Thick
SEM X 2300

Table 5 Thickness of the intermetallic layer on the corners of copper traces as a function of dip soldering conditions.

EDX element map
Sn Cu

SEM image x 5000

Static dip (2's)

Static dip (5's)

Miniwave soldering (5s)

Table 6 Distribution of flux residue as a function of soldering and examples of SEM image of solder coating cross—section.

Soldering method Dip Hand Reflow

From very little to very much

(highly variable) Very much

Amount of flux residue Very little

Example of SEM
observation (x200)

* Arrows are pointing at where flux residue remaining.
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Fig. 9 An example of SEM image (x2300) of solder paste
(with flux E) applied by reflow soldering after 1000h of
exposure to the condition of 85°C/85%RH. Cross—section of
conductor with large amount of flux residue.

Table 7 Solder corrosion on the edge of traces as a function of soldering method and amount of flux residue after exposure to 85°C/85%

RH for 1000 h.

Soldering method

Dip Hand Reflow

IMC on corner of trace

None-very thin Thin Thick

Large amount of flux residue

Uniform corrosion Uniform corrosion

See Fig. 8 (a) See Fig. 9
State of corrosion Small amount of flux residue Partial corrosion
See Fig. 8 (b)
. Partial corrosion No corrosion
Very small amount of flux residue See Fig. 3 (b) See Fig. 8 (¢)
Average percentage of solder cross—section corroded 54% 65% 99%

Fig. 8 Examples of SEM images (x2,300) of solder applied by hand soldering with (flux C) cored solder wire after 1000 h of

exposure to the condition of 85°C/85% RH.

(a) Cross—section of conductor with large amount of flux residue, (b) cross—section of conductor with small amount of flux residue,
and (c) cross—section of conductor with very small amount of flux.



492 HA & B ¥

v 7 ARRENIEH IS & 2 AT}, Fig. 8(c)D kS iC
ELEAEL T W RO bz,

3.6 (FARMIELET + RDOBEE

EEE 3.5 OFERNS, FALRFLIEOEWL, BREOHEA
FHICHBETIEL, FERLLTY 0 ADOREREDMLHIC
ENELbDEERINDS. Table 7 T, T+ v 7 LIEIC
Y70 —TEOHA1000h iIC B 5BAEAE L, K
BOETPRENC L b 59, Table 3ITRT E5ICY 4
AN DOFRERREREA T ¢ v TLEOHIBE DI, T4 v
TTETIMIERTH 5720, BRIC K > TEL 2HNERIG
NPFATNEOFRRIBSITEF LY, T AABIEAIZD
KHPORETHOICKL, TTHNTE(TS v 7 AREE
DENERT) 2D 70 —THEICEWTE, FAREKR» Y
—FET L, REIOBEACYIE MG I T 3 2hF
DL, BAENIET 4 AN OFRE - EAIIEL TW5HT
LORHEBELTHTFOENS.

TS5y P ADBRFALREE > TOWHHG TOFRED AN
LR, BRI ANTISHOMER L EICoWTE, K
RS %<, SHRIOELMEPLETHS.

4. & E ]

SAC305 (ZAZEMAL, T4y, TTH, UJ7E—D
FZTHEIC DA ZT - 723k 2 Bl EER BRI i,
—ERHEICBE T 72
ZDFERE LUTICRT.

(1) BSERBREMHIC L 58V E LT, 70 AhTREBIIG
fili, 85°C/85%RH (~500 Ksfd)) ic%f L T, 60°C/90%RH
T2~4f%, 40°C/95%RH T 10 {5 LR - 7=.

2) T4 ANTAREEY 4 AHFRER L OBFRITITITIED
HEAEL TR, G&MEAFL THIE, 7 ATBEW

£ 5£(2010) g4 &

LOEFFERLB N EBRbh o7z,

B) Tu v TIEICBIARAEREY  ANDRKREED
BIRIZIZIZHBIL TR, FALDEEN Y + AHDRE -
RICHG L TWAB I ERRMIT N Tabb, TAL
DIFEIRFEZTANL LIk - T, 70 AAOFAERR L
MHALABETFHREEL W2 5. 727200, BAREESES 7T
7 AMBR O A PEAPIREEZ: 212 & - THIBIBI R A2 BG4 5
DBEDD 5.

4) FARNTHEICLSENELT, OEEKY 3 )X —
DFEDLNIC L HEOEN, @75 v 7 ARBEDOKRKE %
#=, BRDHLN/.. INHDOEWICEY, BROHEALT, N
IO HR, KESHEICELZEL, BRELTY 4 AA
DOFREFIBIFHP R IICEELY 52 530E 20N 5.

X [y

1) Y. Hirano, T. Nakamoto, S. Matsunaga, K. Ueno and T.
Hayashi: 11th Symposium on Microjoining and Assembly
Technology in Electronics, (Yokohama, 2005) pp. 363-366.

2) Y. Ohno, N. Kuwano, K. Inokuchi, S. Hirano and M. Ueshima:
14th Symposium on Microjoining and Assembly Technology in
Electronics, (Yokohama, 2008) pp.155-160.

3) P. Su, J. Howell and S, Chopin: IEEE Trans. Electronics
Packaging Manufacturing 29 (2006) 246-251.

4) A. Nishimura: Journal of Japan Institute of Electronic
Packaging 11(2008) 348-354.

5) M. Yoshino, M. Sanji and S. Iguro: Denso Technical Review 12
(2007) 110-118.

6) Y. Hayashida, Y. Takahashi, T. Ohno and I. Shoji: J. Japan Inst.
Metals 70(2006) 220-225.

7) A. Inamoto, H. Noguchi, H. Miki and N. Kamada: 13th
Symposium on Microjoining and Assembly Technology in
Electronics, (Yokohama, 2007) pp. 249-254.

8) JEITA Standards, ET-7410, Whisker test methods on
components for use in electrical and electronic equipment,
(2005) p. 3.

9) K. Suganuma: JEITA Symposium of Lead—free Solder Activity
Result, (Osaka, 2009) pp. 1-11.

10) Japanese Industrial Standards, JIS Z3197, Testing methods for
soldering fluxes, (1999).



