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Reliability Evaluation Technology of Solder Joining

Y B =R HH A&

Tsutomu SAKATSU Shoji TAKAHASHI Masashi ISODA

= g

BN FBATRITIE, MG OBMIREHCE L BRENRIERVEIC L vl Sh
TISTIDER UM 0, JRFBEENRAET D, O A = X 23 U CRRE YA 7 Vil
280 ZOEEMEE G L C& 72, RBROMMER - = 2 MEE B8 U (SiEks e 2
BIgE L7z, N AMBIOIERIE 2B R L2 22— a itk v, N A EOEPFEPTE
FOIUIRIR L~V ERD D Z & C, BREOERREIL LOEAFMEHET LN TED L
INCip ot Fil, NSO ESRAEMMT (FESEM/EBSP) (2 XV, Snibsaokifk - JFAL 0%
BRI ABERT2ENTE, Y Ial—la iR —8T 52 L A2MEE LT,

ABSTRACT

Solder joints of electronic devices receive repetition stress that caused from the environment
temperature variation and the difference of thermal expansion coefficient of constitution materials. Finally
fatigue destruction occurs. The reliability for this failure mechanism had been evaluated by a temperature
cycle test. Reliability evaluation technology to realize expect shortening and cost reduction of test was
developed. A concentration point and a variation amplitude level of solder strain were calculated by the
simulation that considered a non linear characteristic of solder materials. A development state of crack
and fatigue life became estimated thereby. And the gradual variation of the particle size and the
crystallization direction of Sn in solder was observed by high resolution analysis (FESEM/EBSP). It was

shown that solder crystallization observation result agreed with a simulation result.
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Fig.1 SEM image of the cross-section of fatigue
destruction.
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several kinds of electrode shape.

5301

I2.

2-1 I\ T EBIE S EERE T
2-1-1  N\VFTEHHEEEMDHTAETIL

—HKIZ, BB E OREEWITIND MR LI X
DI FIEIIS- N A ER T2~ 4 FT—HIRHN NS,
S-NMRI & 1%, EMITINZ 2 IS HRIR & g 2 £ Tolh
OEE L w 7 a > N LTebOTH Y, IJHREN/NSWDIE
CIITE D F CIU B LT Z < 7 0 BRI & & FF
2. HDHIEHIRIELLFIC 7 5 ST E 72D, [RADIGT)

BIRITRIF LD . Lin LR n, kR L &R
R IR IR IR IS, (UG ES 2B E LI EIE~ A
F—HIZER T EE B E.

NUEMOGE S, ERFRIIFEAEET, Moikashbd
FERRIE BRI A € in &R ITIFEEFEANOBRIZ, Fig.3n X 9
RAERB L Z MO TRY, DRTEEND n Tl
ET VDY SEOFDHE STV DY,

= ;IE S-NEh#R
&L N
g R
- S
Fn (*ﬂ'47)b§ﬁ)Nf

Fig.3 S-N curve.
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Fig.4 Construction of life prediction technique.
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Fig.b A figure of FEM model.

Table 1 Calculation parameters.

ME Y & (Mpa) RF7 VUL |#REEE (/K)
EiFyvT @szv | 2.80E+05 0.24 7.60E-06
Cu 1.18E+05 0.30 1.72E-05
PWB 1.51E+04 0.16 1.45E-05
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Fig.6 Equivalent creep Strain distribution of solder
joint at resistor.
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Fig.7 SEM image of the cross-section of resistor.
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Fig.8 Equivalent creep strain change in temperature
cycle test.
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Fig.9 evaluation parts.
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Fig.10 Two kinds of fillet shapes.
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Fig.11 Temperature cycle test results (weibull plot).
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Fig.12 A e —fatigue life correlation.
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Fig.13 schematic image EBSP measurement.
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Fig.14 SIM image of solder ball cross-section at 0 cycle.
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Fig.15 in-elastic strain distribution of solder ball in a
temperature cycle.
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Fig.16 SIM image and EBSP result of Tin crystallization at

200 cycles.
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Fig.17 SIM image and EBSP result of Tin crystallization at

1000 cycles.
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