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1. Plastic packages: molding compound

Plastic molding compounds are used to encapsulate the
IC/leadframe or IC/substrate assembly in plastlc IC
packaging:

Leaded packages: SOIC, QFP, TSOP,...

Leadless packages: QFN, MLF, LPP,...

Area array packages: PBGA

MAXCTl

EPM2210F324C:
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1. Plastic packages: molding compound

Molding compound requirements:

Compatibility with silicon die & first level interconnect
(wire bond, flip chip, die attach)

Package crack

Thermal, mechanical, moisture robustness

Leadframe - substrate matching (warpage)

Electrical properties
Thermal conductivity
Flame retardant
Manufacturability
Cost
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2. Green molding compound

Driven by: Greenpeaceldashioard
. S s APP[:OT:::;UIIG,\
Need for reduced moisture g
sensitivity (lead-free) ¢ ‘Vsume =
“Going Green” trend: " GREENER ELECTRONICS

peace.org/electronics

= green

Halogen-free plastics
Die stress: new IC-dielectrics
Cost

Electronic component manufacturers
introduced highly SiO, filled (85%) “Green mold compounds”

February 10. 2010 CN-021010

Customer Notification
Mold Compound Change
Dear Valued Customer:
This notification is for the purpose of informing wou of that our Assembly supplier is converting all mold Ve O o
compounds to green material sets.

Purpose

Due to their worldwide GREEN policy, ASE will transfer all devices which use non-green molding compounds to
green molding compounds.

*JEDM e

© imec 2012 | www.edmp.be ‘ 5



2. Green molding compounds

The change-over took
place between 2005-2010

(from a leading semiconductor supplier)

High penetration level of
highly filled GMC

All plastic components: SOIC, TSOP, QFN, BGA,...
Customer notification is MISLEADING!
2"d level interconnect reliability has not been considered!?

Customer Impact

No customer impact 1s anticipated with this change; there 1s no change to form. fit. or function.
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/ Overmold: CTE 15 ppm/°C > 7 ppm/°C

Si: 2.6 ppm/°C

\

UAVAVAVAVAVAVAVAVAY,
—

Printed Circuit Board
17 ppm/°C

. Better CTE match
with silicon = lower
stress in Si die ©

. Higher CTE

mismatch with BT
laminate

- more warpage of
the package with
temperature
changes ®

. Higher CTE

mismatch with PCB
- higher stress in
the solder
connections ®

*JEDM e
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3. Impact of Green molding compounds

High SiO, filling creates molding compound with very low

thermal expansion: 6-10 ppm.
For reference: CTE Al,O5; = 6.7ppm (ex. CBGA)

In the past it matched the PCB CTE of 15-18ppm

This creates an upto tenfold increase in thermal mismatch
between component and PCB.

Depending on component and PCB details:
A major increase of thermo-mechanical strain of solder
joints and component leads (TSOP).

1K15_16: Nf= 228 e-Limaye
Z

A major threat to solder joint
and interconnect reliability

N ——a : '
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3.1 Solder joint fatigue

T=20°C

I_S;CTE =26 ppmﬁj

Thermally induced stress-strain

PCB: CTE = 15 ppm/°C

= Package L

T=125°C

T

CTEc Y

CTEDb

Joint strain ~ y ~ AL/S ~L(CTEc - CTEb)AT/2S

Thermo-mechanical strain increases with:
— increasing thermal mismatch

(ceramic, bare silicon, GREEN MOLD COMPOUND=ceramic)

— increasing component size (large BGAs, large dies)

— decreasing stand-off (small ball sizes, leadless packages!)
— increasing thermal cycling (outdoor, high power dissipation)

*JEDM e
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3.1 Solder joint fatigue

Example: 10x10 mm?2 CSP soldered on FR4 PCB after 500
temperature cycles (0 to 100°C)

SILICON: 2.6 ppm/°C

: 17 ppm/°C

Micro-crack initation Crack propagation Fracture

Q .
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3.1 Solder joint fatigue

GMC vs. ceramic

CTE GMC (6-10ppm) cOmparable to ceramic (a,0,=6.7ppm) CTE

But elasticity of GMC (E-modulus) is an order of magnitude
smaller than that of ceramics—> ten times more flexible.

Consequences
Package flexibility becomes a dominating factor in the
solder joint reliability.

The simple Engelmaier approach to solder joint reliability
of IPC-D-279, cannot be applied to plastic packages.

ic fatigue damage term for leadless Sly
attachments: which the stresses in t

exceed the solder ¥
of the solder, 1s

T joints

o} .
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— 3.2 What is required?

Some figures for reference (IPC-9701)

Table 3-1 Product Categories and Worst-Case Use Environments for Surface Mounted Electronics (For Reference Only)

Temperature, °C / °FM Worst-Case Use Environment
Product Category Tmin( Tmax? AT ty¥ Typical years Approx. Accept.
(Typical Application) Storage Operation “CI°F *CI°F "CI°F hrs Cycles/year of Service Failure Risk, %
Consumer -40/85 0/55 0/32 60/140 35/63 12 365 1-3 1
Computers and Peripherals -40/85 0/55 0/32 60/140 20/36 2 1460 h 01
Telecomm -40/85 -40/85 -40/-40 8s/1856 35/63 12 365 7-20 0.01
Commercial Aircraft -40/85 -40/85 -55I-6T 95203 20/36 12 365 20 0.001
Industrial and Automaotive - -BRM150 -40/85 -ERI-67 95203 20/36 12 185 10-15 01
Passenger Compartment &40/72 12 100
&60/108 12 60
&80/144 12 20
Military -40/85 -40/85 -ERI-67 95/203 40072 12 100 10-20 01
(ground and shipboard) &60/M108 12 265
Space -40/85 -40/85 354
to 100/180
leo -B5I-6T 95/203 1 8760 5-30 0.001
geo 12 365
Military Aircraft -EhI125 -40/85
a -h5I-6T 125257 4072 2 100 10-20 0.01
b 60/108 2 100
) [ 80/144 2 65
Maintenance 220136 1 120
Automaotive -55M150 -40M125 -Bh/-67 1257257 60/108 1 1000 10-15 01
{under hood) &100/180 1 300
&140/252 2 40

& = in addition

1. All categories may be exposed to a process temperature range of 18°C to 260°C [64.4°F to 500°F].

2. Tmin and Tmax are the operational (test) minimum and maximum temperatures, respectively, and do not determine the maximum AT.

3. AT represents the maximum temperature swing, but does not include power dissipation effects; for power dissipation calculate AT, power dissipation can make pure temperature cycling accelerated teating
gignificantly inaccurate. It should be noted that the temperature range, AT, is not the difference betwsen Tmin and Tmax ; AT is typically significantly less.

4. The dwell time, {5, is the time available for the creep of the solder joints during each temperature half-cycle.

*JEDM e

© imec 2012 | www.edmp.be 12



-- 3.2 What is required?

. Some figures for reference (IPC-9701)
Computer and peripherals: AT=20K, 4cpd, 5y, 0.1%

— N63%/(0-100°C) = 1250 cycles/5y Notes:

Telecom: AT=35K, 1cpd, 7-20y, 0.01% * Acc. Factor: SnPb

- N63%(0-1007C) > i
>2000 cycles/7y...6000 cycles/20y o power cyeng

Industrial/automotive:
AT=20K(50%)/40K(27%)/60K(16%)/80K(6%), 365cpy, 10-15y, 0.1%

— N63%(0-100°C) > >3000 cycles/10y...4500 cycles/15y
Commercial aircraft: AT=20K, 1cpd, 20y, 0.001%

— N63%(0-100°C) > 3500 cycles/20y
Military: AT=40K(27%)/60K(73%), 365cpy, 10-20y, 0.1%
— N63%(0-100°C) - 5500 cycles/10y...11000 cycles/20y

10 year lifetime requires
N63%(0-100°C) >3000 CYCIES (N63%(-40-125°C)>1500 cycles)

*JEDM e

© imec 2012 | www.edmp.be ‘ 13



3.3 Literature: QFN simulation

—All simulations confirm reduction in lifetime with a factor 1 to 4.
—Higher CTE and lower E is recommended: opposite to GMC

Fatigue Life vs. MC CTE

3800
2 T
o 4300 d—
4 /
= 2800 QFNS8x8: |
£ / -40/150C
i 2200 / PCB: [.mm ——
T.Y.Tee et al., 2003 ._E 1600
L /
1300 3 . : : : .
10 15 20 25 30 35
MC CTE (ppm/C)
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3.3 Literature: QFN simulation

TABLE V X.Zhang et al., 2002
EFFECTS OF MATERIAL PROPERTIES ON SOLDER JOINT QFN (BLP)

\ Control Run | -55/125C 37
CTE of Molding Compound (ppm/°C)| 8 13 s | I3

(EMC 1) | (EMC 2) | (EMC 1) | (EMC 2)
CTE of Leadframe {ppm/°C) 0.4 0.4 16.7 22

(Alloy-42)| (Alloy-42}| (Copper) | (Soft Alloy. - i Dic T ,,l.(-
Equivalent Creep Strain Range (ﬂ.al.,ﬂ vk 0.0167 | 0.0106 HERGE e
Fatigue Life based on Ae.y \& 1623 | 4259 W -
AW (MPa) 0.397 (LA TR0 (.0428
Fatigue Life based on AW 529 1028 1997 3536 S MR AT

TABLE VI
2) The EMC 2 which has a high CTE content (13 ppm/°C) EFFECTS OF SOLDER PAD SIZE AND THE THICKNESS OF THE PCB ON

: : : . SOLDER JOINT RELIABILITY
offers at least 1.9 fold improvement in fatigue life over

the EMC 1 which has a lower CTE content (8 ppI]JJ"O C) 7B Land Size | Thickness of | Temperature ALy //;f\ AW N
(mm x mm) PCB (mm) Profile / (AL ) \M]’aj {AW)
12x06 | 04 | Conditionl | 0.02173 926 | 0ps39 | 774
1.2x 06 0.4 Condition 2 | (LO2367435 774 5 (0.]795 041
1.2 x 0.6 1.2 Condition 1 0.0280§9 504 04975 528
1.2x0.6 |.2 Condition 2 0033081 360 [N 230 710
1.2 x 0,45 0.4 Condition | U.0247\ 707 311 651
1.2 % 0.45 . 0.4 Condition 2 0.0235 786 / 1765 1056

o ——— (. N
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3.3 Literature: BGA simulation

TABLE Il
T.Y.Tee et al., 2006 SummMAarY OoF C*BGA PARAMETRIC STUDIES
Cases Design Variations Life {eyveles) | % Diff | Warpage (Km) | % Dill
Control Control (see Tahle 2) 2238 - 27 -
BGA: Cl Dic size=3x3mm G. Effect of Mold Compound Material
_40/ | 25C 2 MC thickness=(1.6mm, The fatigue hife ranking based on the four mold compound
Die thickness=0.225mm | materials is
3 Substrate thickness=0.22mn MC-D > MC-A > MC-C > MC-B,
4 Solder ball diameter0.4mn) Mold compound with higher CTE; (main effect) and lower
Solder ball height=0.3mm | modulus is preferred. The thermal cycling temperature range
5 e attach B /Eéi'rﬂ\ 0.00 26.7 1.1
7 >
6 Die attach € / 2234 \wﬂ 26 -3.7
C7 Mold compound L/ 2456 u.?\ 23.2 141
CH Mold compound tt 1916 - 14.} 34.5 27.8
Co Mold compound B\ 1689 -J/ﬂ 39.9 47.8
C10 Slug attach B 130 LA 27 00.0)
g attac \\ Y-

*JEDM e
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3.3 Literature: experimental QFN

BOARD LEVEL ASSEMBLY AND RELIABILITY CONSIDERATIONS

FOR QFN TYPE PACKAGES
QFN7x7: | AbmerSyed and Wonloon Kang Table 1. Mold Compound Material properties (supplier
_55/125C A0S Price Boad data) and BLR Result Summary -~~~
Chandler, Arizona N
. Mold alpha 1 | alpha2 o Modulus §  Cycles #of 1st .
PC B I 6mm Compound | (ppm/°C) | (ppm/°C) T ("0 (kg/mm? JCompleted] Failures | Failure Mean Life
EMC1 7 25 125 2650 1846 29 649 978
EMC?2 7 33 120 2710 4100 29 2166 3150
EMC3 g 35 130 2650 5012 22 1219 2384
EMC4 9 35 150 2800 5012 22 2700 3822
EMCS 10 42 135 2400 5657 12 3747 5320
EMCE6 11 45 135 2400 5012 12 3578 4708
EMCT 12 49 130 1900 5012 3 4218 NA
/7'~ - m T
S (a) ) ®) W EMCE8 14 43 185 1800 5657 24 3684 5090 4
Comprehensive board-level solder joint reliability
modeling and testing of QFN and PowerQFN packages
. 3 b
Tong Yan Tee **, Hun Shen Ng 2 Daniel Yap *, Zhaowei Zhong
Thermal cycling test results — —
Case Package /Dﬁnam effect f (slope) M
T.Y.Tee et al., 2003 1 QFN-4x4 Mold compound 3.92 3131
’ CTE=10 ppm/°C
2 QFN-4x4 Mold compound 7.57 4894
= 16 ppm/°C
ie thi 5.40
3 QFN-4x4 Die thick 24 mm
FN: FN-4x4 Dic thickness =0.36 mm T.66 2743
) . q j 242
5 QFN-8x8 75% center pad soldering 4.94 1
-40/125C 6 QFN-8x8 91% center pad soldering :g; lg?
. 7 QFN-8x8 Without solder fillet .
PCB: I.6mm 8 QFN-8x 8 With solder fillet 5.85 871

JJEDM  {imee
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3.3 Literature: experimental BGA

2500
E Low S
< 2000 1
2 # High
hid . —
% 1500 +-{ ® High
=
o 1000 o
(1]
@2
g 500
O
0 . . .
Body Size (mm) 8x8 12312 y 12x12 16 x 16 16 x 16
Ball Count 96 144 r132,144 280 4 280
Pitch (mm) 0.5 08 0.8 08
Die Size (mm) 52 95 6.4 11 5 8.5, 8.0
Tape 3L 3L,21.2L 3L,2L 3L

Figure 9. Fatigue life decreases higher filler content mold compound (0.85mm thick test board, —40C & 125G, 1 jcycle/hr).

SOLDER JOINT FATIGUE LIFE OF FINE PITCH BGAs
-IMPACT OF DESIGN AND MATERIAL CHOICES

Robert Darveaux'. Jim Heckman!, Ahmer Syed’. and Andrew Mawer’

( I 999) 8 mm-96 7.5mm-40 12 mm-132 12 mm-144 15mm-208 16mm-280
0.5mmpitch 0.75mm pitch 0.8 mm pitch 0.8 mm pitch 0.8 mm pitch 0.8 mm pitch
Die Size: Die Size: Die Size: Die Size: Die Size: Die Size:
65x6.5mm  3.5%5.5mm 95%x9.5 mm 9.5x9.5 mm 9.5x9.5 mm 8.5x8.5 mm
3.2x5.2 mm 6.4x6.4 mm 6.4x6.4 mm 12.0x12.0 mm 11.5%11.5 mm

Effect of Mold Compound Filler Content 3.5%3.5 mm

Shown in Figure 9 are several data sets comparing low and high filler content mold compounds. It 1s seen that the higher filler
content mold compound canlcut the fatigue life 1n half | The effect was less severe for packages with smaller relative die size or

a larger ball count.

o} .
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3.3 A view from the ceramic packaging world

KYOCERd THE NEW VALUE FR

Ceramic Packages for Large Scale Integration
(LSI) Devices

Kyocera provides both ceramic and organic packages for Large Scale
Integration (LSI) devices. In addition to alumina (Al202) ceramics, we produce
aluminum nitride (AIN) with high thermal conductivity (150W/mkK), aswell as
Low Temperature Co-Fired Ceramic (LTCC) packages with high (12.3ppm/K)

and low (3.4ppm/K) coefficients of thermal expansiony Reference Data
9999 — -
~ Material Properties — g.gg 11 — ] | I ! i (S I - i
Flip Chip HITCE LTCC BGA ! 11111 '| ITIFI"It | . + )
Package = Organic Packages (KYOCERA SLG Teéhnologies) e o] RERER . 8 it | 1.2mmtl . 8mmi ]._ErIT mi
= a]
B —— -
W High Second Level Reliability o T 3 |
Kyocera's HITCE LTCC material offers a coefficient of thermal expansion (CTE) closs E ]I'D - £
boards, providing high reliability in board assembly. = 50 | | .' |
m [ | e
. 9999 — | — 3.|:| =11 JJ 4 1
“Young's Modulus of Elasticity: 74GPa § 99 |41 ). St | 2 10 b L 1
= LA | = T T - — —il .l -
g BEH =B ° 'l . .
Second Level Reliability Test Samples £ 70 —'S 1 — L | - R . .
Ceramic Package | N |
Configuration: BGA (1.27mm pitch) g Eg - E 1 k ,,,',7,,',,,ppm,,. - 'ﬂ'IEGE ] HlT{:E 12 p[: m
Materials: Alumina (Al203), HITCE LTCC Z g = ; I ) ’ |1 | |
Cuter Dimension: 33mmSQ 2 P-IzEJ [e] . -
Thickness: 1.2mm and 1.8mm 5 1 =
Thickness: 3o 100 500 1,000 5,000
Material: FR-4 (CTE:15ppmvK)
Outer Dimension: 65mMmMS0 Temperature Cycles| TE-IT'IF:IEFETIJFE C-'HEIES f—"“:lnc t‘ﬂ' +125n|:.:|
Thickness: 1.6mm

o .
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3. Impact of Green molding compounds

Mean life time Mean life time
with non-green with green Life time reduction

Package : )
e compound compound introducing green

P (CTE ~ 15 - 18 (CTE ~ 6-8 compounds

ppm/°C) ppm/°C)
BGA ~ 1100 cycles ~ 500 cycles ~55%
QFN 5090 cycles 978 cycles ~80%

Most critical components:
« Large TSOP

 BGA
 Partially populated
« Small pitch

* QFN

Q .
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4. Basics of solder joint failure modeling

Finite Element Model

Salderl

crr

Applied load: temperature cycle
(= externally applied or through internal power dissipation)

o} .
JEDM &gec © imec 2012 | www.edmp.be 22



4. Basics of solder joint failure modeling

.00

.90

.80

.10

.00

jobl

Inelastic strain

MSC >,

start

“JEDM Kimee
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CSP16x6-case01_job1.mpeg

4. Basics of solder joint failure modeling

© imec 2012 | www.edmp.be 24


CSP16x6-case02_job1.mpeg

4. Basics of solder joint failure modeling

Empirical curve for Sn-Ag-Cu solder materials

Mean time to failure {cycles)

10000

=
-
o
-

100

10

MTTF = N50% = 1464 (¢

:/(

2 4 6

Creep strain per cycle (%)

i 9/)-1.45
creep In A)

+ PBGA data
B CSPdata
QFN data

—-Empirical Curve

*JEDM e
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5. Reliability of TSOPI & TSOPII

Package size: ~ 20 X 14 mm?

TSOP I (56 pins)

Cu lead fatigue

© imec 2012 | www.edmp.be



5. Reliability of TSOPI

PCB

i TSORP |

o 4:_—#

MOLD

Cu-LF

81

Die_Attach

SOLDER

(
! —
11nax

2. 0046

g.0041

2. 0036

2.0031

a.0026

2.0021

2.0016

8.0011

2.0007

2.0002

“JEDM Kimee

Plastic deformation in Cu leads

B. Vandevelde, M. Lofrano,
G. Willems:

Green Mold Compounds:
Impact on Second Level
Interconnect Reliability
EPTC, Singapore, 12/2011
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5. Reliability of TSOPI

c 0.6
Q 0.5
O
a'fs 0.4
o
o o 0.3
Q.
c g 0.2
% § 0.1
vwo O
= 5 7 9 11 13 15 17
£ CTE overmould (ppm/°C)

Bart Vandevelde et al. EPTC 2012

o} .
JEDM &gec © imec 2012 | www.edmp.be



5. Reliability of TSOPII

PCB

| TSOF =

Cu-LF

81

Die Attach

T AAANAARA AN

SOLDER

Alloy 42

Creep strain (-)

0.0667

ijrj; ________________ 0. 0601
6.0534
0.0467
0. 0400
0.0333

2.0267

Bart Vandevelde et al.
EPTC 2012

8.0200

0.0133

#.0066

Q .
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5. Reliability of TSOP with Cu leadframe

85% reduction! 95% reduction!
~TSOP54 -=-TSOP56
3 O O O e
_.2500 —
4
< 2000
>
~ 1500
=
IE 1000
500 -
0
6 8 10 |2 | 4 |16
CTE overmould (ppm/°C)
(Temperature C)’CIeS: 0to | OOOC) Bart Vandevelde et al. EPTC 2012

o} .
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5. Reliability of TSOP with Cu leadframe

—-+-TSOP54 =TSOP56

(o)

= O

\ \Solder joint

/
;/

Plastic strain pe

a

Plastic strain per cycle (%)
w

o

6 8 10 12 14 16
CTE overmould (ppm/°C)

Bart Vandevelde - imec

o
N

0.35

r cycle (%)
o o o
o © — O b °
or — U1 NN U1 W

o

—--TSOP54 =TSOP56

Culead

N, L,

6 8 10 12 14 16
CTE overmould (ppm/°C)

*JEDM e
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Plastic strain per cycle (%)
— N w NN o

o

~-TS0OP>4 -=-TSOP56 ~+TSOP54 -=TSOP56

©
w °©
(@2 BN

ISoIdler joint

k-\_g:::‘

o
w

o
N
Ul

Alloy42 lead

o
| —
Ul

©
=

o
o
a1

Plastic strain per cycle (%)
o
N

o

6 8 10 12 14 16
CTE overmould (ppm/°C)

Bart Vandevelde - imec

6 8 10 12 14 16
CTE overmould (ppm/°C)
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6. Reliability of BGA

0.5mm partially populated PBGA

242XIII2ONNBIABEASNAFNAN0OSI B 7FES5 4 3 ;[1

ot $DOODDDODOD$DODDGDODC{GD
QOO0 00000 Qooooo00000
Silicon [alslslalalalslslalalels slalalslalelnlalslalels]
HO0000000000000000000000
cilelelel jalalelel
c o000 o000
[slelels] (slelele]
[alslela] Q000
[alalele] [alalsle]
g 8008 2060
WHHHHHHHHH\HHHH\IHHHHHHHH\HHHHHHHH = E]
. L e sl 18888 8860
""""" EREnnes - oCcoo 0000
QOO0 (alslels]
(slalele] [alslale]
BT (alalals] (alalale]
[alelels] (alelele]
QD0 SO0
MOLD lalele]s] lalelele]
(slslslslalslalelslalsle slalalslalalalalalalalsl
: _ o B0050600000M000000000000
FR4 board: 2.1 mm, CTE=17.6 ppm/°C WGDDWDWD$WDWDDMO?
' ‘
— f[i5g
S 13.00£0.05
Y
- 70°C A I I B e
Ball size 0.3 mm .
i Dwell-time:
i 45 min
Ball pitch 0.5 mm /
Size 13x13 mm? \ /
Array size 24x24 *I‘;mR-t'mer
min

(4 rows - 320 balls) | —
Overmould CTE 8 ppm/°C l°c s

o} .
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6. Reliability of BGA

Moulding compound CTE dependency

30 ‘ ‘ 1

5 Dividedby4! 7 H ]
O f i /"Non-Green MC
o | |

> 20
O 1 1 ‘ ‘ ‘

Q | i | | |

S 15 Green MC o -
X, ‘

. 10 9/ — ]
- s 1 s s s

= | | | |

= 5. 7 B

6 8 10 12 14
Overmould CTE [ppm/°C]
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6. Reliability of BGA

Impact of board thickness

16 T T T
14 N\ 5 Less flexible PCB
E ‘ | e“'/o
Q ‘ 7
> 12 N N i R .
- ;

S 10 N, :

>

ILT 8L N L 1.3y T~

I|: O'ec,-ease

= B T~
4 | | i i i

16 1.7 18 19 2 21 22 23 24
Board thickness [mm]

o} .
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6. Reliability of BGA

Impact of board thickness [y

PBGA 27x27 area array
1.27mm pitch

6000 EPTC 2012
Bart Vandevelde et al.
5000 0.8 mm
~ S S— S (0 to 100°C cycling)
9 4000

g 1.6 mm

Y 3000

|

-

= e //No PCB
% ././././ ﬂeXing

5 10 15 20
CTE (ppm/°C)
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6. Reliability of BGA

SnPb versus SAC

SnPb is significantly worse than lead-free!

09 9 Lo

0o
o
o~ o

SRR
T T T

N WhaUoN®
© oooocoo
S R
I T T

/

Corner
Joint failure

[
o
=2

Cumulative Distribution Function

5%

wr . SnPb ff:ff?

¥ Divided

Cycles to failure
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6. Reliability of BGA

SnPb versus SAC

Why is SnPb version worse than SAC?

Under low stress
o conditions lifetime of

1.E+09 - SnPb y SAC |S h|gher than that
' of SnPb.

—_
m
+

=
o0

* Stress level
dependency

"HIGH STRESS": Strain itself depends on
1.E+07 (J.-P. Clech)

SN-PB > SAC

[ —— the solder alloy.

N s Ny
"LOWER STRESS": .
SAC > SN-PB : SAC is stronger than
—_ ii N SnPb. 'I_'h_erefore SA_C
=0 SoOlder joints of flexible

AVERAGE SHEAR STRAIN components on flexible
PCBs will deform less than
SnPb solder joints under
the same conditions of
thermal cycling.

—_
m
+

=]
[=2]

CHARACTERISTIC LIFE /| CRACK AREA (cyclesiin)
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6. Reliability of BGA
. SAC

Yield Strength
Materials
(MPa)

25°C: 31.8
75°C: 21
125°C: 13.6
0°C: 21.1
50°C: 13.8
100°C: 6.1

Stronger connections: more bending of both board and package.
Less strain/deformation of solder balls

o .
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6. Reliability of BGA
. SnPb

Yield Strength
Materials
(MPa)

25°C: 31.8
75°C: 21
125°C: 13.6
0°C: 21.1
50°C: 13.8
100°C: 6.1

Weaker connections: limited board bending because solder balls start to shear
(more solder joint deformation)

o .
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6. Reliability of BGA

SnPb versus SAC

Why is SnPb version worse than SAC?

Under low stress
< ssx Peac o conditions lifetime of SAC
Siens v is higher than that of
g 14 ' SnPb.
> 1
§1'E*°3' Stress level | BN
dependency T—— e Strain itself depends on
g1.E+07— (J.-P. Clech) s the Solder a“Oy.
& 1 N
T SAC is stronger than
Z R SnPb. Therefore SAC
1IE+O15.E-04 T 1E03 1 H1‘.|I5;-0“ o ‘1‘.|Isi-01 o I;:|Is+oo SOIder .]Olnts Of erXIble
AVJTAGESHE.RSTRA.N components on flexible
PCBs will deform less than
SAC BGA SnPb BGA SnPb solder joints under

the same conditions of
thermal cycling.

o .
—/EDM &t\rﬂnec © imec 2012 | www.edmp.be ‘ 41



6. Reliability of BGA
No PCB bending

99 %

95 % |-
90 %

|, SnPb
ol ) bending

Y 60 % |- r
&CE 0wl Divided by

S 40 % 6

B 1 2 T L .....................................................

Cumulative Distribu

B
1 . 1
1 —
107 * 10*
Cycles to failure
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® /[ 6. Reliability of BGA

. Increasing strain: no PCB bending

Board bending allowed

Deformation 50x

No board bending allowed - PCB stiffners on backside

« Components on backside
« BGA back-to-back mounting
« PCB mounting on backplate/casing

Deformation 50x

© imec 2012 | www.edmp.be 43



6. Reliability of BGA

Impact package type

Partly populated | =
area array
0.5mm pitch
Ball size 0.3mm | *

Solderl

Silicon

Fully populated
area array
0.8mm pitch
Ball size 0.5mm

Approximately same ball count and size L

Q .
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6. Reliability of BGA

Impact package type

Changing package type can improve lifetime up to 4x

100 1 1
| I SnPb - No board bending

Reliability improves:

=
o

— AC-B bend I d
« Higher CTE of S L B SAC-B roardenlngarowe ,,,,,
molding compound S : | |
2 i
« SAC i.s.0. SnPb L I
- Larger balls/pitch S 1 S $ 20 ppe== B

 Fully populated

0.1 | |
0.5 mm pitch 0.5 mm pitch 0.8 mm pitch

4 perimeter rows Fully populated
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/. There is more: Head-in-Pillow

W h at: Head-in-Pillow BGA Defects
. Karl Seelig
AIM
Cranston, Rhode Island. USA

Head-in-pillow (HiP). also known as ball-and-socket. is a solder joint defect where the
solder paste deposit wets the pad. but does not fully wet the ball. This results in a solder
joint with enough of a connection to have electrical integrity. but lacking sufficient
mechanical strength. Due to the lack of solder joint strength. these components may fail
with very little mechanical or thermal stress. This potentially costly defect is not usually
detected in functional testing, and only shows up as a failure in the field after the
assembly has been exposed to some physical or thermal stress.

Head-m-pillow defects have become more prevalent since BGA components have been
converted to lead-free alloys. The defect can possibly be attributed to chain reaction of

Associated to lead-free soldering?
But:

— Became more and more prevalent 1-2 years after 1/7/2006

Feferences
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Wi th S n P b SO I d e rin g . 3. Tim Jenson, “The Grzpmng Phenomenon: Improving Pb-Free Solder Coalescence through Process Optimization and

. . Materials” Proceedings of APEX 2008, Las Vegas.
— HiP unheard of in SnPb Chuys Shea, “Step the HOP”, p 33, Circuits Assembly, August 2008.
. . Chrys Shea, “HOP-ing Mad”, Crenits Azsembly, pp 72-73, July 2008.
solderi ng prior to 20087?! . “Koki No-clean Lead Free Solder Paste Anti-Pillow Defect 53358-M406-3 series Product information”, version
42016e, August 29, 2006, waw ko-ki.co.jp
Fack Lathrop, “BGA Coplananty Reduction During the Ball Attach Process”, Capital SMTA meeting, June 5, 2007.
JESD22B-112, “High Temperature Package Warpage Measurement Methodology™, August 2005,
9. IEC 601191-6-19 (draft), “Measurement methods of package warpage at elevated temperature and the maximum
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/. There is more: Head-in-Pillow

Major root cause of Head-in-Pillow is component warpage.
More warpage when temperature is higher 2> lead-free
But:

— Is now also being reported for SnPb soldering of BGA

— Seems to have become an issue well after the introduction of lead-
free soldering.

Lower mold compound CTE will increase/alter the warpage

behaviour of PBGA.

: : 50%
Look at the GMC introduction> 5007
Conclusion seems to be: ‘
GMC most likely root cause
of “"HiP-epidemic”. ‘
RoHS

o} .
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7. There is more: bond fatigue

Low cost trends:

Green Molding Comp.
Reduction in CTE

Au - Cu wire
Increase in CTE
Figure 9: SN1 Figure 10: SN2

Larger CTE mismatch
After chenucal decapsulation. optical image presented | After chenucal decapsulation, optical image presented

neck broken wire. wire defect. 9 Increased riSk Of Wire
bond fatigue!

Cu Wire Neck Fatigue Fracturing Elimination

Song Xiaoging, Wei Haili, Zhao Hongbin
Leshan Phoenix Semiconductor Co. Ltd

Figure 11; SNI Figure 12: SN1 289 West People Road Leshan, Sichuan, 614000 China
After chenucal decapsulation, SEM image found neck | After chenucal decapsulanon, SEM image found neck Email: xiaoging.song@onsemi.com
broken wire broken wire
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8. Conclusions

Green, low CTE molding compounds increase the thermal
mismatch between “plastic” packages and the PCB upto tenfold!

This creates major issues:

Reduction in lifetime below acceptable level due to solder
joint failure of “plastic” packages especially TSOP, BGA,
QFN. Complex dependency on package and PCB flexibility.

Reduction in lifetime below acceptable level due to Cu lead
failure of TSOP type I components.

Assembly yield reduction due to Head-in-Pillow of BGA
solder joints.

Increased risk of “Early Failure” due to electrically
undetected HiP BGA solder joints.

Increased risk of wire bond failure.
Very limited (and costly) workarounds: underfill (?)

Q .
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8. Electronics reliability

Green molding compounds constitute a
bigger threath to electronics reliability than
the switch to lead-free solder ever was!

“Is SAC more or less (10%...x2) reliable than SnPb”
VS. increasing solder joint strain upto ten times.

Introduced into (qualified!) products without
OEM’s being aware of it!

Especially dangerous for products using SnPb
solder, i.e., high reliability products like telecom,
automotive, avionics, industrial, safety, medical...

o} .
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