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Today’s Topic

: Electronics System Design
Hﬁéﬂenges
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Drivers for Design Challenges NANSYS

e Shipping and handling exposes electronics to shock
and drop events

— Can result in catastrophic failure even from a single
event

* Even normal, recommended end use conditions
subject electronics to temperature fluctuations due to
power on and off

— Thermo mechanical stresses incrementally damage
components with every cycle

— Failure is not about “if”, its about “When”
* Need for life prediction capabillities
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Design Implication of the Lead Free
Change

4ALEk GELE LLLELEER e .

PCB Mounting Design : .,b’
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Design Implication of the Lead Free \I\NSYS

Change at the Package Level

Silicon, IHS, Attach Material selection &
Design are completely coupled. Larger
Die = more functionality as well as

reliability issues

S B TGO e

Similar to balls but entirely
Different size scale issues.

Coupled with underfill delam.

Underfill -

Material & thickness are Solder Balls — size, pitch, material
coupled with process as

well as product designs PCB & Substrate pad config, mask
design criteria
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ANSYS Technologies for Lead Free ANSYS

Challenges at the Package Level

CZM in ANSYS Mechanical
+

Implicit as well as explicit solver
Technologies for shock & drop reliability

e :
Viscoplasticity, creep, physics

coupling needs & scripting
+
Contacts & HPC technology for
Potentially large models in
ANSYS Mechanical

PUCL B TR E

Underfill -
Visco elasticity and Cohesive Zone Models Solder Balls — non-linear Visco Plasticity
in ANSYS Mechanical for product design. & Creep models, thermo-mechanical coupling,
+ If necessary for power cycling analysis. Scripting

\éo':_”mOdg'?”g Capg‘b"]j_tlileﬂs In 'fA‘NSYS CF[; to modelcgpapilities to aid automatic estimation of Fatigue
apiliary driven unaertil 1iow 10r process design : . .
Life in ANSYS Mechanical
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Design Implication of the Lead Free I\NSYS

Change at the System Design Stage

PCB Mounting \
Design

Stiffener plate
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ANSYS Technologies for the Lead Free ANSYS

Challenges at the System Design Stage

Linear/non-linear flexible dynamics using implicit
as well as explicit solver technologies in the
WB environment for shock & drop reliability

PCB Mounting
Design 3

Linear Static Structural, Modal and Random
Vibration solver technologies in ANSYS
Mechanical —

Stiffener plate
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Today’s Focus:

Solder Joint Reliability
Under Thermal Cycling
Fatigue
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Thermo-Mechanics 101

d—vzaV, a—CTE
dT

Un-deformed state Low CTE
/

AN

High CTE
At Elevated Temperature & Moisture Levels

At Temperatures & Moisture levels below un-deformed state
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Review of Stress Vs. Strain Curve ANSYS

* Plasticity models describe inelastic behavior
that develops when the stress level goes
beyond the yield strength of the material

— Can be rate-independent or rate-dependent or
coupled with creep

o)
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Review of Creep

* Materials tend to undergo creep at temperature higher then their
Homologous temperature

— Homologous temperature = 0.5 X Melting point (in Kelvin)

e Secondary creep has been known to cause Failure of Solder
Joints

€
Rupture

i £ = 1(0)F,(e) 1, () 1,(T)

Primaryi Secondary

. Tertiary
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Thermal Expansion Implications to I\NSYS

Electronics

* No Permanent damage for perfectly elastic
materials

« Among the IC package parts that undergo plastic
deformation and/or creep, solder joints are the
most susceptible to failure

* For Most Consumer electronics, thermal cycling
Is the main cause for fatigue failure
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Time To Failure (TTF) Prediction |[ANSYS

* For solder joint reliability, prediction of life in
ANSYS is based on two Choices:

— Choice of fatigue model

— Choice of constitutive model

e This Is a material model that to be used in FEA that
captures
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Fatigue model chosen for this work

* Following taken from R. Darveaux, “Effect of Simulation Methodology
on Solder Joint Crack Growth Correlation”, ECTC 2000

N. = K, AW "2
« Crack Initiation: L 17" Tavg
da
e Crack growth: d_N — KsAWaI\fS

a

. Characteristic life: @w = Ng +F
dN

Here, K, through K, are
parameters estimated by
correlating AW, , from
simulation predictions to test
data of N,and crack growth
rate

a is the joint diameter at the
interface (‘final crack length’)

AW is the plastic work per
cycle

* The characteristic life a,, is then related to the failure free life and

cycles to first failure for failure prediction
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Choice of Constitutive Model NANSYS

e Choice of constitutive model is tied to the
model used to determine K; through K,

* In this work we will use K, through K,

determined by Darveaux using Anand
Constitutive Model

e Hence Anand Constitutive model i1s used In
this work
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Characterization Methodology ‘m

(Darveaux, 2000)

N, , Cycles to initiation

Rate of Crack Growth

| b

Geometry ANSYS Simulation Strain Energy Density
+ »| of Thermal Cycling e Or
Material Models Test Plastic work
- =
S 5
_§ ° Determine K, and K, ) s
c S
.5 E
E ©
o 2 Determine K,and K,
O e

Strain Energy Density (from simulation) Strain Energy Density (from simulation)
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Solder Joint Fatigue
Simulation N ANSYS
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ANSYS Workbench Workflow for ‘m

Fatigue Simulation

Detailed BGA > ANSYS
from Macro DesignModeler
ANSYS Unified
Meshing Platform
ANSYS Workbench !
Ansys Mechanical
. . for
M | , Solver S > :
aterial props, Solver Settings Thermal Cycllng Stress
Simulation

A 4

Post processing APDL
for Cycles to failure
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BGA Geometry Creation Macro

Geometry - DesignModeler =10 ﬂ

« Ball Grid Arrays (BGA) SGEID] 6 0 el EIBET

SO e QR @M

type Packages are well e oy | M i S $aet —

BGA-ADDIN Wizard ()

suited for customization =" e —

7= KYPlane i
¥ ZiPlane Die Thickness [0,3

D 7 VZPlane Die Length |5
ecause of their
Die Width [5
. Subsrate Thickness [0.4
standardized geometr s ————
Murnber of solder ball rows |&
Central balls supressed? |ves -

Central Rows To be Suppresed in ¥ Direction |2

Central Rows To be Suppresed in ¥ Direction |2

Solder Ball Inputs

Detailed solder ball inputs? |ves -
Pitch |1.27

Solder Ball Radius IM—
Solder Balls Total Height ’067
Solder Joint Radius (Substrate Side) ’027

¥ coordinate of intermediate point 1 (see image) [0,35

Y coordinate of intermediate point 1 (see image) [0.15
Solder Joint Radius (PCB Side) [0.15
¥ coordinate of intermediate point 2 (see image) [0.35

¥ coordinate of intermediate point 2 (see image) |0.15

ﬂ—‘ b Solder Bump Inputs

WM‘;J Include detailed solder bumps? ,m
3 Solder Bump Radius ,01—
0.00 Thickness of underfillfattach region ,017

1500 4 Browse File For Solder Bump Creation

Crate Package

Model Yiew | Print Preview Z Create BGA Package

{9 Ready Mo Selection Millimeter |0 |0

© 2009 ANSYS, Inc. All rights reserved. 20 ANSYS, Inc. Proprietary



Geometric Details and Simulation ‘m’

Intent
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Geometric Details and Simulation
Intent

—
Substrate
~— PAD
/ SMD Mask
-
- = < NSMD Pad

CB mask Openincg
"~ (NSMD)

T 0.000 0.500 1.000 {mm)
|| |
. 0.250 0.750
22 ANSYS, Inc. Proprietary
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Geometric Details and Simulation |m|

Intent
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Geometry - Possible Simplifications NANSYS

MB: Targeted_SMD_NSMD - Mechanical [ANSYS Multiphysics] =] x|
- File Edit Wiew Units Tools Help v} '/'{Solve = 74 validate (Beta) i (4] [A] |- || B e Tk' @ @ @ I:%' P @ G’l '@\ I.ei*s = |-

Symmetry  4s Symmetry Region | 4s Periodic Region

i | g%\ﬂg
=] Project s Symmetry Region M a5

= (&) Model (B4) || si31jz009 208 AM Al
+ ‘,@ Geometry
= s, Coordinate Systems . Symmetrid Region

s Glabal Coordinate System
e, OCkank_sym_plane
N quadrant_for_symmetry
=l il Symimetry
(4|L Syrarmetry Region
o dIh Symmetry Region 2
- A8 Connections
+1-- W Mesh
+1- 1 Mamed Selections
=J.-{=| Static Structural (B5)
‘/:/:"‘; Analysis Settings
,/‘] Thermal Condition
,/ﬁ;, Displacement
‘/E Anand_madel
/B Toffsst
(@ bt_substrate_CTE
B PCBoard_CTE
—]---|é@| Solution (B6) —
(¥] Solution Information
W Equivalent Stress
? Total Deformation j

—| Scope
Scoping Method Mamed Selection
Mamed Selection | Symmetry:ockant_sym_plane

|| Definition
Scope Mode Manual
Type Symmekric
Coordinate System |ockant_sym_plane
Symmekry Mormal | Z Axis 5
Suppressed o m D 0.006 {m)
I a0
0.0015 0.0045

© 2009 ANSYS, Inc. All rights reserved. 24 ANSYS, Inc. Proprietary



Simulation Intent, WB Mesh Control and ‘m

Contacts Technology

F‘RB : Targeted_SMD_NSMD - Mechanical [ANSYS Multiphysics] = |

Fie Edt View Units Tooks Help || @@ | “fgalve - 7/valdateiBeta) @ & (4 [A] @~ || % N W m R &S ¢ & & Q, * = | -

Mesh -/Update | @iMesh - 3 mesh Contral + | &L 0ptions

=+ Global Coordinate System
e oekank_sym_plane
8 =+ quadrant_for_symmetry
=] |dlb] Syrimnetry
A Symmetry Region
A Symmetry Region 2
RggLions

4 1 Mamed Seleckions

=|--2[=] Static Structural {B5)
WL Analysis Setkings
./.]_ Thermal Condition

Displacernen 13

1| Defaults
Physics Preference | Mechanical
Relevance a

+]| Sizing

+]| Inflation

+]| Advance: d

#|Pinch

+]| Statistics
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Material Models and Material I\NSYS

Properties Used for Sample Case

All materials are linear elastic except the solder ball, which uses Anand rate
Dependent plasticity model

Solder, Anand model

Mask

PCB and BT resin
orthotropic Young’s
Underfill Modulus and CTE

éilicon
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Property Values and Anand Model I\NSYS

Constants

 PCB, BT, mask, Silicon, and Solder property
values were used from:

— “Impact of ball via configurations on solder
joint reliability in tape-based, chip-scale
packages” Zahn Bret A. , 52nd electronic
components & technology conference : ( San
Diego CA, 28-31 May 2002 )
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Commands Object for Orthotropic CTE ANSYS

and Plasticity Models

Parameters for Commands objects can be input from Details window in the GUI

FMB: Targeted_SMD_NSMD - Mechanical [ANSYS Multiphysics] IE B : Targeted_SMD_NSMD - Mechanical [ANSYS Multiphysics]
File Edit Yiew Units Tools Help 9 '/:: Solve ~ 9./ Validate (Beta) tﬁ fbd? ] AT (e File Edit Yiew Units Tools Help V] /5 Solve = 7./ Validate (Beta) t@ it 4] |A] e -
Erwironment  F Tnertial » BB Loads » @ Supports » | G Commands  wjExport...  gpImport..,  |%]Refresh
i ! &) Define CTEx, CTEy &lCTEz
&| Project | Project 1 CTEx = ARGL
= 5| Model {B4) - |dal Model {(B4) ! CTEy = LDGE
- AB Geometry + (% Geometry ! CTEz = ARG3
LSRN Coordinate Systems o Coordinake Systems : sel i
+] (ﬂ Symmekry ¥ ./ﬂ Symmetry ! elect substrate parts ) )
N | ! Ensure that Named Selection "BT_substrate" exists
* V/@ﬁ Eﬂon:ecnons + g ;on:ectlons ! (Hot case sensitive]
E 25| I s |
- [§1 Mamed Selections 3 1 ¥l (1 Named Selections fprep?
-l -/’[EI w . - - - - .//B Static Structural (B5) cusel,s,substrate_ns
7 o I ! #c:cleraion /AL ol sttings
AW The 6] Standard Earth Gravity /) Thermal Condidion ! - -
& pi =2 Solve " ! Get the first element's material ID
., Dis| /.r i @., Rotational Yelocity v/@ Displacemert 1
|
\/% An; ./ Export CAERep Files (Beta) - \f% An;afnd_model *get, M7 MATERIAL,elem,elnext (0}, atty, mat
v Tol % Pressure B Toffset
7] Clean
“{li bt <1 ﬁl\ Hydrostatic Pressure \/li bt_substiglg CTE !
w3 PCE A Rename @ r /B PCBoard_CTE | Define orthotropic CTE for for solder
~ ; arce 3 : :
=I--./|6@] S0l =7 Fiker Based on Enviranment (Beta) * f =[] Solution (B6) : Constents CTEx, CTEy, CTEz
el e e e CEl Remote Force 1] Solution Infarmation i
.;ﬁ? Equivalent Stress Q}m Bearing Load ﬁ Equivalent Stress
e Totél Deformati?n . %4 Bolt Pretension M Totél DeformatiQn
_;ﬁ? Equivalent Plastic Strain /@ Equivalent Plastic Strain
_;ﬁ? Equivalent Plastic Strain 2 &% M= ﬁ Equivalent: Plastic Strain 2
[@ Fatigue_calculation L Line Pressure & Fatigue_calculation up,alpx,MY MATERIAL,CTEx
8 Thermal Condition up, alpy, MY_MATERIAL,CTEy
% Joint Load up,alpz, MY MATERIAL,CTEz
A3 Joink Loa
o F, Fluid Solid Interface [}
!
=l Definition @v Fixed Support 1| File ! List walues in Solver Output to verify
Phrysics Type Structural T Displ . File Name 1
isplacemmen :
Analysis Type Static Structural é" e - File Status File not found uplist MY _MATERIAL
Solver Target ANSYS Mecharnical o Remote Displacement = | Definition .
—]| Options & Frictionless Suppart Suppressed No ! Change all element material ID to first one
Environment Temperature |22, 2C 5, Compression Only Support Step Selection Mode | First i
Generate Inpuk Only Mo & Cylindrical Suppart Target ansigechanical emodif, all,uat,MY_MATERIAL
0, Elastic Support || Input Arguments |
=0 Coupling ARGL fGe-005 ! Select everything again
= ARG2 1.6e-005 !n o
Maotion Loads. .. allzel a
+ | ARG 3.5e-005 cusel,all
< & commands i ARG Geometry ) Worksheet A Repart Praview
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Commands Object for Anand Model I\NSYS

Targeted_SMD_NSMD - Mechanical [ANSYS Mul

A
- File Edit Wiew Units Tools Help @ | “isove - 2/valdate (Beta) HE
. ar I a e n al I I eS y Commands  wgJExport... [p|Import...  |2] Refresh

a e

- ! C5=ARES
= Project ! cE=AREE
- @] Model (B4) ! C7=ARE7
I - A Geometry | CE=ARGE
il sss, Coordinate Systems ! CI=ARGS
el Jd] Symmetry !
. 1) Connections | Select solder parts
B Mesh ! Ensure that Named Selection "SolderAll" exists
| (Not case sensitive)
- ) Named Selections ,

= E Static Structural {B5) /prep?

Wiy Analysis Settings omzel, s, SolderAll

- ]
A Thermal Condition
inputs from the Details fae w
& Anand_model | Get the first element's material ID

JE Toffset !
3 bt_substrate_CTE

,& PCBoard_CTE |
W I n O W O r e =-/g| Solution (B6) | Define Anand Model for solder

et MY MATERTAL,elem, elnextil), attr, mat

(4] Solution Information Constants C1-C3
H Equivalent Stress

= % Total Deformation _
C O r r eS O n I n & o o Ei;ii;
W Equivalent Plastic Strain 2

C3=ARE3
B Fatigue_calculation Cd=ARCd
a CE=ARGE
CE=ARGE
COIIIIIIa.II S O eC Caoanes
L] o C2=APCE
= File CI=ARGS
File: Name b, Rate,MY_MATERIAL,, ,ANAND
File Status File not Found tbdata,l,Cl
| Definition thdata,Z,CZ
thdata,3,C3
Suppressed Mo ebdata, 4,04
Step Selection Mode | First tbhdata,5,C5
Target ANSYS Mechani chdata, &, C6
thdata,?,C7
- Input Arguments thdat.a'S'CE
ARG1 1.24e+00 thdata.s.co
ARGZ 9400,
RE3 4.8+006 !
! List values in Solver Output to verify
ARGH 15 ‘
ARGS 0,303 tblist,Rate MY MATERIAL
ARGE 1.378e+009
!
ARGF 1.30e+007 ! Change all element materizl ID to first one
ARGE 7.e-002 !
ARGY 1.3 emodif,all,mar MY MATERTAL
|
| gelect everything again
I
allsel,all
? X Nlenser, a1
ta

/solu
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Thermal Cycle Input

==l =]
it Wieww Units Tools Help |J - Solve 2?4 validate (Beta) @ Aud i3] = ™ | & - | oo & &\ | & & & 5 /2 = | -
JEnvironment CEL Inertial ~ TPk Loads - Ea‘supports - | E
E n
(E| Project B: Targeted_SMD_NSMD MSYS
- g Model (B4) Thermal Condition Ym
SR Geometry Time: 0. s
w2 Coordinate Systems 8i31/2009 4:06 PM
AdiN] Symmetry
‘/Qa Connections - Thermal Condition: 22. =C
A Mesh
{1 Mamed Selections
| Static Structural (B5)
¢4 Analysis Settings
8] Thermal Condition
- AT, Displacement
B Anand_mods!
- B Toffset
== bt_substrate_CTE
_,li PCBoard_CTE
B85l Solution (B6)
21 %] solution Information
Equivalent Stress
Total Deformation
Equivalent Plastic Strain
Equivalent Plastic Strain 2
Fatigue_calculation
i1
|
Scoping Method [ Geometry Selection 1
Geometry |97 Bodies |
Definition |
1D (Beta) 599 |
Type | Therrmal nddition |
Magnitude | Tabular Data |
| Sup ed | Mo |
Data | fu] 0,003 U.EIUE. {m =
Independent-\fériable_;Time 1 e SiGnas
Y Geometry 41 A Print Preview »Report Preview /- _~ o |
2 : 7
0. Steps |Time [51 [[v Temperature N -
as. 1 0. 22,
2 1 300, -40,
sa, 3 2 2100, -40.
4 3 2400, 85.
25. S < 4z00, 85
L= = 4500, -40
o: 7 |6 £300.  -40
3 = s |7 &E500, S5
-40, g |8 S400, 85
300 2100. 6300 10500 12600 14700 16300 10 |9 8700, -40
11 |10 10500 -40
|1 El &[] & o [ 1= 14 is | 12 |11 10800 ©5.
1z 12600 85, _'i
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User Choice for Performing Fatigue

Calculations

IE B : Targeted_SMD_NSMD - Mechanical [ANSYS Multiphysics]

File Edit Yiew Units Tooks Help || @ '}Solve » 9./ Vvalidate (Beta) tﬁ iE 14 ] ~ & E§ h' @ @ @ Q%' G *1* @ @ @ If,ﬂ meE |-

A salderal
@ solder 5
\/@ die_edge_slice_ns
J@ smd_mask,_slice_ns
J@ sub_side_solder_tim_ns
/) D _opering_slice_ns

/) substrate_ns

{3 static Structural (B5)
‘f?fx Analysis Settings
/By Thermal Condition

. Displacement
/B Anand_modsl

/B Toffset

|| Definition
Send to Solver |Yes

isible: Yes
-|Scope

Geometry
-] Statistics

Type Imported

Tatal Selection

Named selections for sections of the solder joint
expected to experience highest plastic strain
fluctuations
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ue Post-Pro

B : Targeted_SMD_NSMD - Mec|

cessing Calculations

“isolve - 7/ validate cBeta) TE [0 [A] [ - =

soom,
diameter=0.4e-3/0.0Z54
~alze
diameter = ARGS/0.0Z54
*endif

APDL inserted as command

my_test_cyclesime-cyclesine

File Edit “iew Units Tools Help ]
Commands v EXpart... [grImpart.. []Refresh |2 Search Parameters
a
(=] Project
= (€3 mModel (B4)
= Geometry
-t Coordinate Systems
- @ Mamed Selections

=-{Z] Static Structural (BS}
Wil Analysis Settings
B Thermal Condition
S, Displacement
B Aanand_model
B Toffset
3= bt_substrate_CTE
w3 PCBoard_cTE
=3l Solution (B6)
{4] Solution Information
B Equivalent Stress
3 Total Deformation
3 Equivalent Plastic Strain
% Equivalent Plastic Str.
[ Fatigue_calculation

=l Input Arguments

ARGL 22400
ARGZ -1z
ARGE S.8e-007
ARGH 0.98
ARGS 1.452-004
ARGE .
ARGT 4z00.
ARGE 4.e-004
ARGY

£l Results

rvy_solder_1_wdiff_3_2 |0.43518
ry_solder_1_wdiff_+_3 |0.41524
rry_solder_2_wdiff_3_z |0.60867
my_solder_2_wdiff_+_3 |0.56321
ry_solder_3_wdiff 3 2 |1.5117
my_solder_3_wdiff_4_3 |1.4421

— |

Object in Solution branch

| Perform fatimme :a;mla% on Darveaus

! Loop through muawmber of oy (4-3]

+ao,amo8,1,4 /

. Loop :hmu.,h)@gr of solder ragions (3
«ag,us;/

in the result ac time=CyclaTime*n (end of cyclel
elect solder part
Ensure that Named Selection "Solder_Px" exists, where

eyt Results are calculated after
Solution is completed

set....,cycletimeTARIS
cmsel,s,SOLDER_$ARISS

' Cot acoumulated plastis werk (nl,plwk) and wolume (walu)

atable,erase
atable,vsetable,nl,pluk
atable,volu,voln

' Muleiply ace. plastic work by wolume

smult, pwcable,velu,vsecable

' Sum all walues and put in parameters 5x_NAMEy where
' % = part number (1-3}

' MAME = type of summation

' ¥ = cycle number (1-4)

*get,ssARSSS_volushRI6%, ssun, , ivem, wolu
*get,ssARISS plukshRI64, ssum,  iten, pusable

culate volume-averaged acc. strain energy density (plastic work)
nvert te PSI units

SIRRISS_wavgtARSESE -s3ARSSS _plwkiARSSE StARSSS _volust ARPS: *ufacter
*enddo
*enddo

“My_...” variables in the script
make results appear in the

vy _soldsr 1 waifs 2 l=s1 wawgz-sl_wavel

my_no_solderl 3088

my_nprop_solder 63643

my_n0_solderz s3608

my_nprop_solder2 47659

e n0 soldera 12841 f
e K

Details window

« Sample macros will be available for download at
ANSYS Customer portal

© 2009 ANSYS, Inc. All rights reserved.
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Results and
Discussion
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Cycles to failure calculation NANSYS

B : Targeted_SMD_NSMD - Mechanical [ANSYS Multiphysics]

File Edit Wiew Units Tools Help & - 7 Solve  ~ 7/ Validate (Beta

wigdExport... ggrjImport... 2] Refresh 2] Search Parameters

Q
s Anand_model :I
B Toffset
B bt_substrate_CTE
~[BEL PCBoard_CTE
=1 5D!ul:iDl1 {(B6)
» _U Sodution Information
A4 Equivalent Stress
AP Total Deformation
P Equivalent Plastic Strain
¥ Equivalent Plastic Strain 2 =]
| < i =
I ARGI 22400 [=]
ARGE -1.592
ARGE S.8e-007
ARGH |o.oa
ARGS [1.45e-004
ARGSE .
ARGT | 4200, :
ARGE | 4.2-004 oy
ARG
1= results
my_solder_1_wediff_3_2 | 0.3565
vy _solder_1_wdiff_4_3 |0.33773
. mry_solder _2_wediff_3_2 |1.0669
my_solder_2_wediff_4_3 | 1.0182
my_solder_3_wdiff_3_2 |0.18217
my_solder_3_wadiff_4_3 |0.17271
vy _ni_solder |1.1663e+005
my_inpeop_solder 1 78665
mry_n0_solder2 |z1793
my_n0_solder3 3.2323e+005
my_inprop_solder3 |1.5178e+005
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Plastic strain on all solders

B: Targeted_SMD_NSMD
Equivalent Plastic Strain 2
Type: Equivalent Plastic Strain
Unit: mfm

Time: 16500

9/3(2009 9:31 AM

D.00FT7729 Max
00069095
0.0060461
00051827
00043193
0.0034559
0.0025925
0.0017291
000036567
2.2609e-6 Min

0 0,001 0,002 {m)
| IS I

0.0005 0.0015
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Stresses on solder pad

— e
B: Targeted_SMD_NSMD ’ f 4 / L?\l_!rg%f@
Equivalent Stress 3 — D T_‘ffru@
Type: Equivalent {von-Mises) Stress ¥
Unit: Pa

Tirne: 16500

Max: 1.0975ed

Min: 1.569355

9/3/2003 10:25 AM

1.0975ed
. 2,3903e7
— 2207627
— 2.024%7
— 1.8423=7
— 1.65%6=7
— 1.477e?
—1 1.2943=7
| R
— 9.289%6
— 7.4633e6
=1 5.6367e6

3.8101ed
I 1.9535e6
1,5693e5

a 000025 0,0005 {m)
I 0000

0.00013 0.00038
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ANSYS Software Products Needed NANSYS

« ANSYS DesignModeler
* ANSYS Mechanical
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How Can ANSYS Help You?

« BGA geometry creation macro
 Workflow instructions
— ANSYS Workbench

Capabilities for geometry
processing and meshing

— Material models in ANSYS
Mechanical

— Sample APDL scripts for GUI
based user inputs for Material
models and Fatigue Model

« Sample ANSYS Workbench
Project

« Jump start assistance through
service projects

 Focused Training?

© 2009 ANSYS, Inc. All rights reserved.
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Take Home Material

 The following materials have already been
uploaded to ANSYS Customer Portal

— A wor
Calcu
and P

Kflow Tutorial for performing Fatigue
ation using Anand constitutive model

asticity based TTF prediction

— A sample model containing more details and
finer mesh than the tutorial problem will also
be avallable from ANSYS Customer Portal.

SYS, Inc. All rights reserved.
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Conclusions

 We presented an overview of design challenges in
electronics due to lead free transition

— Focused on package specific challenges

* Highlighted why ANSYS technology is best suited to
address these challenges

 Used Solder Joint Fatigue simulation of a BGA
package to illustrate workbench based workflow
using ANSYS Mechanical software
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Conclusions

 Example workflow illustrated the following unique strengths
— Geometry creation time savings due to DesignModeler Macro for BGA
— ANSYS Meshing platform for high quality refined mesh where needed
— Contacts technology for computational cost savings

— Productivity enhancements through Automatic Contact detection

— Time tested ANSYS Mechanical solver with advanced non-linear models
» Viscoplasticty and creep modeling capabilities

— Workbench platform bridges the power of solver lever manipulation using
APDL with user friendliness
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Thank You!
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