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Part I

General Knowledge of Board Level
Joint Reliability
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Introduction

U The reliability of the solder joint of electronic
components to the PCB may be required not
only extensive physical stress testing but

also high reliable joint quality by customers.

0 The stress testing is to ;
Qualify products for specific use categories

and/or for specific use environments.
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Whny BLR ?

QO Most packages are using as board
mounted environment.

O Customers require component
reliability as well as BLR.
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BILR Test items & conditions

L Mounting on Board ]

NIRRT

O BLR Test Items and Conditions

vary according to user’s environment /requirements.

v For Handheld Devices
Drop Test / Shock and Vibration Test are important

v For In-house Devices

Lifetime test is more important than mechanical test.
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Failures of BL-SJR

U Failure by Thermal Stress

CTE mismatch between package and PCB induces
thermal stress during TC and the thermal stress cause
Solder Joint Crack.

Low Temp
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U Failure by Voids

Package Land
i Package Land

Voids are formed

Ourgassing voute

during Soldering

Board

Board

Final Joint Shape
Mounting Process

Failure by void

Intercon Product & Technolog Ms

O Internal structure of void
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J Au Embrittlement

After Reflow

Before Reflow

@ Weak Point

 (Au, Ni)Sn,

Au atoms in the sclder ball reversely
diffuse into Ni3Sn4 IMC and form weak

___ Ni;Sn,

interface between (Au, Ni)3SN4 and E————
T ] e

Ni3Sn4 which causes the ball come-off Cu

failure. . After PCT (or TC)

ELECTRONICS
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U Failure by Mechanical Stress

v" Crack by drop(Impact)
usually occurs at interface
between Pad and IMC

v Crack by bending
usually occurs at interface
between IMC and bulk solder
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Crack Driving Factors

QO Global CTE Mismatch between Package and Board
U Pad Structure (SMD,NSMD), Pad finish
(OSP, Ni/Au finished)
U Mounting Type (Single, Staggered, Dual)
O Chip, Package Dimension
U Solder Composition, Thickness of IMC
(CugSnj, NizSn, etc.)
U Solder material (Elastic, Plastic & Creep Behavior)
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General Solutions for Improving
Solder Joint Rel.

U Stress Simulation
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o Solder : leadfree

|
* Stress Concentration Point .
Outer Solder Ball
- Package > PCB Side
- leaded > leadfree

— PCB
R LI SOl der : leaded
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QO CTE Matching

I ;@ £

&

v Package CTE T

v Board CTE |
C/L

L
Strain < ACTE*AT*—
B Increasing CTE of Package h

v Chip Portion | (Size and/or Thickness)
v PCB Substrate Portion T (Thickness)
v Use Large CTE EMC

B Decreasing CTE of Board
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Q Solder Joint Size and Shape
v Joint Height T
v Joint Shape Optimization

B Joint Height and Shape
v" Increase ball height as high as possible

B Joint Strength ,
v Solder Strength : SnPb < SnAg, SnAgCu...

v Ball Land Design : Land Size, SMD vs. NSMD
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O Temperature Range(AT )

~
]

.. Creep
L~ TC -25~128°C

Creep
TC 0~125°C

Creep
TC 0~100°C

Accumulated Strain Energy Density [N/mmﬁ

24
y _ Plastic, TC -25~125°C
1 = Plastic, TC 0~125°C
0 ~Blastic, € 651066 T
T T T T T T T T T -7 T
0 30 60 90 120 150 180 210 246 270 300

T/C Time. {min)
A T increase — TC life decrease

For equal A T , The higher T, (or T, ,), The less TC life.
ex) 0~125°C < -25~100°C < -50 ~ 75°C — Better SJR

Interconnect Product & Technology simsuns S8

U Chip size and Chip thickness

v Chip Size
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Acoumulated Strain Energy Density [N/imm?]

v Chip thickness
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d NSMD vs. SMD for TC

v Generally, the ranks for T/C test is as follows,

PKG-Board : N-N > N-§S > S-N > S-S

Probability Plot for start
Weibull Distribution - ML Estimates
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U Solder composition

Comparison of Weibull distribution
v Leaded/Leaded paste(x 1.0 )
v Leadfree/Leadfree paste (X 2.5 )
v Leadfree/leaded paste(x 2.3 )
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Q NSMD vs. SMD for Bending

v Generally, the ranks for Bending test is as follows,

PKG-Board : S-S > S=N > N-N or N-S
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0 Pad size of Package and Board

v' Pad Ratio Simulation

2.0

1.8 .
o 1.67 .

o 1.6]

S E 14 ¢
§E 14 .
Eol2] m
o= 1.0 -
Z = U4 ® Small Ball -

0.8] ® Mid Ban .

1_* Large Ball
0.6 & Pad Ratio
0.6 0.8 1.0 1.2 1.4 (b/2)

e Pad Ratio | Package vs. PCB stress balance — Life Time
- Package Pad Size(a) > PCB Side(b) — Life Time !
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U Solder properties

- - 5nB2Pb3BAG2 @ -25°C
SnB2P! -25" SnB2Pb3BAG2 @.125'0
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O Creep & Plastic Behavior

& 1 ™  Sn37Pb, Creep Damage
o ® 1 @ Sn37Pb, Plastic Damage
g E 1 —e—  Sn3.5Ag, Creep Damage
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AN

Creep Damage > Plastic Damage
v Solder Ball Damage for TC : Leaded > Lead free( x 1.5~2)

* Plastic behavior has little relation to T/C

ELECTRONICS
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0 Linear properties of Lead-free Solder

Elastic Modulus
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Fig. 2: Temperature dependent Young's moduli of somg
solders [6-10}
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U Mounting Type
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U Solder Ball Size

v TC life is proportional to ball diameter.
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L Dummy Balls
v Dummy Ball > SJR increase

Dummy balls located on near weak balls are more

effective
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Design Concept for SJR

L Consider ball geometry including support ball
for test socket issue, die cracking by
handling damage, etc.

U Minimize the crack driving force.

0 Maximize the crack resistance force.

0 Reduce the variance of joint lifetime using by
robust design and quality control.
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Part Il
Board Level Joint Reliability
Evaluation for pad finishes
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Evaluation Scope

U Evaluation combinations

v Package and Board pad finish
* Au/Ni(Component) — OSP/ENIG (Board)

v Solder alloys
» SAC lead free solder

0 Testing Methods
v Impact Test (Simulate Drop Test)
v Bending Fatigue Test
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Pad designs and finishes

U Pad Designs
~ SMD Type ' NSMD Type

i
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Solder ~,: Copper

Mask

O Pad Finishes

Au/Ni finish OSP fifnish
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Overview of SMT Process

PCB
i
i

Solder paste

Lead free paste
Stencil Mask
|

Component

Brief process flow of SMT

O Use normal reflow profile for lead free solder alloy
Q Heating and cooling rates are moderately selected

according to published data and convection type equipment
was used.
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Result of Impact Test

Split # | Component Solder Board Drop Test
A osp F
Ni/Au SAC
B ENIG G
C osp E
Ni/Au Sn-Pb
D ENIG G
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Failure Cycle

Interconnect Product & Technology mws

54



Failure Analysis(Ni/Au-OSP)

v" The brittle fracture occurred at very low Impact cycle in
lead free solder-OSP combination

v" Ni rich Ni-Cu-Sn IMC layer is so thin as 0.1~0.2um thick and
Cu rich Cu-Ni-Sn IMC layers is as thick as about 2~8ym.

v"  The brittle fracture occurred between the two different IMC

Package Land: SMD
Pad Finish: ENIG

ch Ni-Cu-Sn
layer

Solder Ball
I SAC Ball

3 B "_(C.u‘ rich Cu-Ni-Sn

!
5 A |
. i
Board Land: NSMD
S Pad Finish: OSP

DE!
e 200W DATE 11/20103 200 um Veoga &Tescan
VAC Har Device T55130x Digtas Microscopy (moging
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Fractured Surface Analysis
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Questions !

U Does the brittle fracture really occurred between the two IMC
layers ? Or between pad and IMC ?

O What's the main source of Cub6Sn5 IMC formation on Ni3Sn4
IMC Iayer ? Does it Cu in solder alloy ? Cu in OSP pad ?
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IMC analysis for EOL

0 Au/Ni-SAC interfacial reaction

t” [R-A YT

(Ni,Cu)3Sn4 ? L - -

' aVs JCu rich * |
. . Ni rich — S
. 2 NEEEYYE B I
er LT SN SR PR h,q'
e P SR SN AR L) i
. R Rt J R RS LTS
. J ;

v' (Ni,Cu)3Sn4 and (Cu,Ni)6Sn5 IMCs are detected by
EDX. But they were not distinguished by SEM image.
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IMC Analysis for as reflowed

The red circled layer is strongly assumed as Ni3Sn4 or (Ni,Cu)3Sn4
by the EDX spectrum. But no certain evidence is found by DP Peak
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Effect of solder alloy/Board finish for
Impact test

Split # | Component Solder Board Drop Test
1 NUA SAC Osp Fail
i
2 “ Ni/Au Good
3 ospP Good
Ni/Au Sn-Pb
4 Ni/Au Good

Roard o "’ . Poard

[SnPb Soider] [Ph-Free Solder] | Mechanism }

2 Dominant Factor : Cu Composition in Solder Alloy ?
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Diffusion of Cu atoms

L Cu contents variation in bulk solder(Sn-Ag)

Left Center Right
TJop 9.30 8.05 9.53
Mid 1.56 2.78 1.33
Bot 3.09 3.65 2.95

10.00
8.00
3.6521% 800

: 400

200

0.00

200 nn.

v Surface diffusion is dominant and much faster than
inter-diffusion during soldering.

v The highest Cu % detected at top side of the ball and
it can be considered as evidence that Cu in IMC is from

OSP pad.
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U Diffusion Path

id
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Bending Impact Test
(deflection 3.5mm)

§n3 5Ag
"j / ; -  5n3.0Ag0 2Cu
80 / ‘t - §n3 0AgO0 SCu
= 301 /’ . - SA38Ag1.0Cu
£ 60 ]
50 - J o Shape Scale AD* FiC
£ 404 oo 10044 20481 284 S
B 304 N 61316 1148.3 2.1 /0
.g 20 - / . 27305 82180 188 7/0
& / a 06304 26 408 1.2 €/0
® 10 - N
s /
2 s
w 3
2
1 /
ool ¢ 10 100 10 00 100 00 1000 00
Lifetime for Bending Impact Test [cycles]
P M1 NA-S BT QUL UL WA T OZ2b 30100 ot
2UPQIEE (N 20 Reec 0 Buspsy Oz 23R0 PRY TS
e YT Y e A ADIN aebh 11483 e'1re
L R4 UL 4] O2h 3 HRT aortt
S — S— ""; BN (pEvy) LOLHIIGIGL.  [MLATNE 6L
’ i : i BUcpnte ponug pog wenye 2pbe
T (qepeeaon — ppnean)
£ 7 bouamagg ¢ ousbouigion sbmey yong
ruene o pengint

Interconnect Product & Technology CSTmsun g A

Summary

Q In the case of Ni/Au finished pad on the package side, the
solder joint of SnAgCu system can bring brittle fracture under
impact load such as drop test. Therefore, it's difficult to
prevent the brittle fracture of lead-free solder, by controlling
Cu content. '

O The failure locus existing on the interface between (Ni,Cu);Sn,
and (Cu,Ni);Sn; IMC layers must be changed to other site in
order to avoid brittle fracture due to impact load.

U It was not found any clear evidence that there were two IMC
layers exist. But it was strongly assumed there were two
layers which have different Cu-Ni composition.

Q From the above analysis it was assumed that Cu atom in the

solder alloy or substrate seemed to affect IMC composition
and cause to IMC brittle fracture.
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