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"Mechanical Failures in Package

Die top delamination

Die crack (Fracture moisture, MRT)
] (Fracture, after moid) / Solder mask delamination
Signal trace crack \ / (Fracture,moisture
(Low cycle fatigue N g Temp cycle)

Temp cycle)

Via crack

(Low cycle fatigue, temp cycle) Solder bump crack
(Creep fatigue, temp cycle)
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AGENDA

= 1. Die crack problem
2. Signal trace failure
3. Soder joint failure
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o

hanical Reliability of Semiconductor Packages
- Die crack problem -

CABGA CTBCA CVRGA
Then CopAiriogt BGA T Sty Than DroATe SGA

; - u Package type
" - CABGA, TABGA, uBGA, flexBGA, etc.
- Thin packages
- Thin substrates {2-layer laminate, Tape)
#Root cause
- Bending stress caused by molding flexBGA
pressure or external force
- Initial defect on a die surface
; micro crack induced by roughness of die
u Prediction methodology
- Elastic FEM analysis with temperature
dependent material properties.
- Failure criteria based on the maximum stress

&m}s&s ®© 2002 Amkor Technology Korea, Inc.
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féchanical Reliability of Semiconductor Packages
f - DOE ANALYSIS -

molding pressure

Die crack propagates from the bottom surface of die l l L l l l

.- Die cracks are the horizontal mode in most cases
. Tape warapge
- Tape/Substrate warpage and molding

pressure are significant factors ,
Mold compound ; Die crack point
Crack
 initiation o
site =
g
3
; &
i w
Wafer Chipping Tmasfer Transfer Tape
thickness size time pressure  warpage bs
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anical Reliability of Semiconductor Packages
- Prediction methodology -

- Analysis of tape/substrate warpage using Finite element method
— Investigation of die flag, trace pattern, and Cu plugging effects
— Suggestion of optimal design to obtain the minimum warpage level

— Stress analysis & failure prediction with a optimized design

“Tape warpage”

Warpage Contour

molding pressure

ARAER

Ly } ]Tapewarapge

€

m,.,,g’,' Die crackepesirinkor Technology Korea, Inc. rag a Microelectronic World

W(:al Reliability of Semiconductor Packages
- Optimal Design -

4 Die flag design
- Wider connection bar of die flag pattern
- Larger Cu area of die flag pattern
4 Dummy Cu pattern in signal trace area is not necessary
€ Cu plug gives small improvement in tape warpage performance

proposal 3
(optimal)

proposal 1

0.2715mm
Adding dummy line Enhancement of Connection bar (x3 wider)
o 4% improve 20.4% improve &
mhnk.ﬂ?,; ©2002 Amkor Technology Korea, Ine. ng a Microelectronic World
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- Slress analysis & Failure prediction -

Old design Max. = 63 MPa oLD
i) GIrrTT, z ) 4

RN s JaunnenE bR o

2 h A T T

b‘:; 53 B { - 1'“ & - AVERACE

?’w: t t [ .

é:{ i— . liATl‘j:**j «

4 S ¥~ MODIFIED

J ‘ ; { ; x ) 1
i B RS e ROUGH FINE FINE->ETCH
[ Bt e et B Surface condition

Modified design Max =14.8 MPa

by ‘T,It:

;\ f et - : ::: i . i

= - T Die crack will not occurred with

35 oot modified design provided die

0N I back surface is not so rough.
ST
S
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€ Root cause
-Thermal expansion coefficient mismatch
-Tape warpage
-Initial die crack (die roughness)

@ Guideline for failure prevention
-Optimized tape/Substrate design for minimizing the warpage
-Fine surface of die backside

amhmnogy © 2002 Amior Technology Kores, Inc. : ‘Micrcelectronic World
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AGENDA

1. Die crack problem
= 2. Signal trace failure
3. Soder joint failure

ES
@ ior .
Technology -
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X chanical Failures of Semiconductor Packages
' - Signal Trace Crack -

T/C Test Profile —T/C'8'
e TIC*C

u Package type

- All kinds of laminate packages 5Bl ;
with fine pitch design Te ’ \ /
#Root cause 4 ;:
- Repetitive bending of a signal trace  § 3¢ = @ sw{m = wlw o
during temperature cycle O ——
- Solder mask crack propagation Time [sec]

emkor
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Microelectronic World

84



hanical Reliability of Semiconductor Packages
y - Modeling Methodology -

- The pkg deformation during the T/C test is obtained using a Global model
- The plastic strain induced at the Cu trace under die is calculated using a Sub-model
- The fatigue life of Cu trace is predicted using low cycle fatigue equation

Global model Sub-model
* To obtain the pkg’'s macro behavior « To obtain the plastic strain of Cu
* 3<dimensional quarter model trace at the interested region
« Effective property used for PCB substrate » Layer by layer real property used
for PCB substrate

« Epoxy fillet feature considered
» Cu trace width modeling

]
Tochnology © 2002 Amkor Technology Korea, Inc.

- Deformation of Cu Trace During T/C Test -

T/C ‘C’ condition

Concentrated Plastic Strain

Deformation with %20 magnification factor

®mlr§%‘; © 2002 Amkor Technology Korea, Inc.
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nanical Reliability of Semiconductor Packages
- Life Prediction -
ife Predicti Where,
Life Prediction Rule PSR = Plastic Strain Range
N"x&" = PSR N . =No of cycles-to-failure
;e S P Fatigue ductility coefficient (ductility)
- /S
12000 — .
w 9644 ,
= 10000 8853 !
)
S g |+ TCE il
= = TG'C 6661 /
& 6000 1
t, 425 / :
O 1
S o an 1349 - VG '
B 2000 874 1284 ’ i
& 519
0 — '
Cu Trace Width [um]
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- SR damage effect-

Parameters : Initial damage around Cu trace

T/C ‘C’ condition
(-60 oC ~ 150 oC)

g
b4 y
g 25% degradation
:-'j — 20Y% degradation
? . I —
[Ty
i
3 R S
£
a6 dimige £R_damags R &4 BT darrage
Damage type
ES
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- Material set, B core thickness effect-

Parameters : Material set, BT core thick, Trace width

__ O EMC A - EPOXY A
B EMC B — EPOXY A
— OEMC C - EPOXY A
OEMC C -EPOXY B

Predicted Fatigue Life, Nt [cycles)

200 _Eum 2 Em
BT core thick - Trace vadih

Qmﬁs&s ©2002 Amior Technotogy Korea, inc. k ficroelectronic World

Summary

€ Root cause
-Thermal expansion coefficient mismatch
- Repetitive bending of a signal trace during TC cycle
- Solder mask damage

& Guideline for failure prevention
- Increase of trace width
- Don’t make signal trace passing the die edge
- Proper material selection with thick substrate core

am&g}: @ 2002 Amker Technology Korea, inc. 3 M‘,((‘DVOGQGG“QNC Waorld
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AGENDA

1. Die crack problem
2. Signal trace failure
= 3. Soder joint failure

Qmmg'; © 2002 Amkor Teshnology Korea, Inc. g & Microelectronic World
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anical Failures of Semiconductor Packages
- Creep-Fatigue Failure -

u Creep-fatigue failure
-T > 0.3 Tm (melting temperature) : eutectic solder(Tm=183 °C) : ~ 50 °C
- material degradation : micro crack (Pb rich/Sn rich phase), coarsening
- Time dependent failure : ramp rate, hold time
- Accumulated creep strain is the main concern of failure
- Material structure is important ; eutectic/lead free solder

TIC Test Profile -—TIC '?'
wmeTIC 'C

T 150 |,
° 15 /
....wo’ \

|
200 400 @0\ 800 1000 \zmimoo 1600

L. et
Time [sec] S

Temperature
8388 onaal
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échamcal Failures of Semiconductor Packages
- Solder ‘oint reliability -

@ Failure Mechanism
- Displacement due to mismatch of the CTE
- Thermally induced displacement results in a high peel and shear stress
near the bonded edges of joint
- Fatigue crack initiates at the bonded edges
- Crack propagates along the interface leading to failure of the bump

Snhear Stress vs

i
]
]
s 1000
* CTE= q, ]
B
i 7 -1000
; H
CTE= o g-znoo
—3000-
- o 'cmpﬁ"ul?al:- o) i% 130
ES
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achanical Failures of Semiconductor Packages
- CTE mismatch -

& CTE mismatch is the root cause of all kinds of the mechanical failure

- die crack/signal trace crack/solder joint crack
0 . Epoxy,D/IA
1.00E-04
! r'Y \
"
EMC | &
,\'_2”_\’:
{ 3 |} PCB
1.00E-05 ——
,~ " ~. VERY SMALL
1 1
‘. 4 Die
1.00E-06
ES
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anical Reliability of Semiconductor Packages
- Modeling Methodology -

* Global Package Model

3 0.04 1
. i
Accumuilation of £ 1
creep strain 2 ong |
o4
o 0.01]
_piriaa-
000500 1600 1500 2000 zéoo 3600 34."50‘ 4000 g
kaor © 2002 Amkor Technology Karea, Inc: . bling a Microelectronic World

Technology

anical Reliability of Semiconductor Packages
- Solder shape prediction -
0.30 I:’S‘I‘D&Dvﬂmnﬂ
.\ —&— NSMD wio pad
Solder volume =0.01414 mm*
028} \\
£ N
(a) BGA/SMD/NSMD  (b) BGAINSMDINSMD £ o261
=
=4
2 024t a
g e
@ 022}
0.20 b
0.12 0.16 0.20 0.24 0.28 0.32 0.36
{c) BGA/SMD/SMD {d) BGA/SMD/SMD Opening (SMD) or Pad(NSMD) dia.. mm
{Barrel type) (Hourglass type)
th!s%'; ® 2002 Amkor Technology Korea, fnc. _Iing a Microelectronic World
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« 1.} Prediction Model -

100000 o
© PBGAs // .

— 3 Leee .- . _ —
2 5 o Ny= (aEgps+ BEpc)
e & Fip Chips ',' '4'
=1 . . . "
£ 10000 & Toom R4 Where,
14 & fleXBGA . . _ A
& e Master €gps & €4y = Accumulated Creep Strains
g TR Nf = Cycles to Mean Failure (N50)
T 1000 § m25% Above . .
w e 25% Botow R . ; .
£ First Failure is Estimated from
- Mean Life as
° .
E 100 £ "
3, Prediction Accuracy : + 25%
%)

10 > + + + < Fj . <

10 100 1000 10000 100000 0'6Nf < First Failure < 0'7Nf
Cycles to Mean Failure {Test)
&m!&g&‘ © 2002 Amkor Technology Korea, inc. i "roelectr onic World

hanical Reliability of Semiconductor Packages
- PBGA, PCB/Subsirate thickness effect -

* 256 PBGA, 17 x 17 mm, 1.0 mm Pitch
— Die Size = 11.5mm

— Solder Ball Size = 20 mils
— 3500
3
S 3000 2960
e
& 2500
v |
o
2 2000 1780
'-; 1600
5 1500 4 —
E
d 880
2 1000 —
3
3]
5 500 —
L
& o . r Y
31/0.36 62/0.36 31/0.56 62/0.56
PCB Thickness (mil)/ Substrate Thickness (mm)
@m‘kg'; ©2002 Amkor Technology Korea, tnc. e Microelectronic World
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anical Reliability of Semiconductor Packages
- PBGA, Solder ball size effect -

& 2250
256 PBGA, 17 x 17 mm, 1.0 mm Pitch 3 L
— Die Size =11.5 mm s 7 2000
~ Substrate : 0.36 mm Thick, 2 Layer 3 3 /
— PCB : 31 Mils Thick 3 1750
g
S 1500 e
15 20 25 30 35
Ball Size (mil)

30 Mils Ball 25 Mils Ball 20 Mils Ball
Diameter = 0.78 mm Diameter = 0.66 mm Diameter = 0.56 mm
Height = 0.70 mm Height = 0.56 mm Height = 0.375

am%&s © 2002 Amkor Technology Korea, Inc. S g 8 Microelectronic World

®hanical Reliability of Semiconductor Packages
- PBGA, Ball array effect -
Die : 11.5 mm
PCB : 31 Mil Thick & 3000
Substrate : 0.36 mm E 2680
& 2500
. ssacscsocestsens '8
: ::IC..'.'.II..:: e—&;
. LX)} T X3 3 2
o oo o5 e = 8 2000
R HH GoLg 1735
. sepves Xl o~
. I se D
L B e T 1500
. e o
. Y e
. oss0ORDE Ssece n.
o o 1000 v
<F:r7D:mS§g. F>°; Ii:;sé'ze 208 Current 208 Alternate
Life > 2900 Cycles Package
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chanical Reliability of Semiconductor Packages
- LECA & BGA -

Test Case: ChipArray BGA
— 8mm-64 Lead, 0.8mm Pitch, 3.2mm Die
— -40 <=> 125°C, 2 cycles/hour, 0.8mm Board

3700
bt 2 PG
3500 £
[ 1.2
O
/ 300 5
5
L. o 3100 £
o - 3
2
- 2000 @
°
4
~ - 2700 &
035 025 0.15 005

Joint Height - Cu to Cu (mm)

Depending on Assembly Stiffness (Thickness, Modulus, Sizes)
Tensile Load May Dominate Over Shear Load

rodlectronic World
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I&chanical Reliability of Semiconductor Packages
- SMD & NSMD -

*+ SMD on Package Side + NSMD on Package Side

— 3560 Cycles - 12,650 Cycles

® > 3X Improvement in Life with NSMD Pad on Package Side
Solder Fillet on the Sides of Cu Pad Improves Reliability

micor

Technology © 2002 Amkor Technology Kerea, Inc.
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Summary

€ Root cause
-Thermal expansion coefficient mismatch
-Creep deformation of solder joint (shear/normal)
~Material degradation

@ Guideline for failure prevention
-Increase of solder ball size
-Proper selection of the PCB/Substrate thickness
-Optimal design of the ball array
-Solder mask opening type : NSMD
- In some case, LGA type is better

0!}},{5&5 © 2002 Amkor Technology Korea, Inc. ﬁgg a Microelectranic World

Electrical analysis
PaCka_ge . - R,L,C extraction
characterization -sigal integrity

. - RF design
in Amkor

Mechanical analysis . Thermal analysis

- : Material DB Lhermal anaiysis
- Die cracking - Thermal parameter
- Warpage - Natural/Force convection

- Interconnection failure
- Moisture induced failure
- Moldflow analysis

- Optimal design of thermal
management

Experimental analysis
- 2nd Reliability test

- Thermal test
- Material Test

kagg @ 2002 Amkor Technology Korea, Inc.
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