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PCB is constructed by many
kinds of composite materials

Die backend
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Need an-isotropic material constants
for CAE analysis
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Testing just waiting earnestly for a long time

The longest record with respect

to creep testing
I

50 years

R .
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EIZIE Eﬁii_h .Jl.'%ﬁ% 50X — RJLWHEE There are 380 testing machines in the

room which has 15m * 50m
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Reference) National Institute for Materials Science
https://www.nims.go.jp /publicity/digital/movie/mov150916.html




Analysis for Material Constants Identification 29" Eaol20io] CAE Conference

F Analysis approach to identify material constants
» Dumbbell specimen model : Reverse identification by calibration
» Unit cell model : Evaluated definitively from analysis results

Calibration

Analysis by dumbbell specimen

Analysis by unit cell specimen

Dumbbell specimen Unit Cell specimen

Cost for model creation O /\(Tends to get large)
Boundary conditions O /\(complex)
Consistent with actual tests O AN
Executable deformation modes X (limited) O Z: :bricc}dium

Executable identification of all constants A (limited) O O : good
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F Stiffness matrix for solid
Number of material constant (an isotropic:21. orthotropic:9. isotropic: 2)

{ 3
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Unknown Parameters
F Stiffness matrix for shell
Number of material constant: 21
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Introduction of Multiscale Analysis




Homogenization analysis using Multiscale.Sim 29" Eaol20io] CAE Conference

What is Multiscale.Sim?

| o . (% Multiscale.Sim
Add in tool to homogenization analysis on ANSYS Workbench 'g
@) A: Static Structural - DesignModeler Tree Outline L3
File Create Concept Tools Units View He\p E]--,,@ A: Static Structural
ladE| @ o (Fiedo || Select; *]% T W E iy b X¥Plane
= | |
Observe microstructure - 4 /' s <
. ] \ | xyPIane - Pf- | Wone - ﬁ } Generate Msm e
(OI‘ Con]ecture, presume) 7 ) - o 0 4 E,Extrude ﬁRevo\ve %Sweep 8Sk|nj\_oft [ aThln/Such : 1 P:m 110 Bodies
% X G @Pcnnt B Conversion ||[CMAS @] @ & . . =
- g . Sketching Modeling
- Y \ - . A Details View o
_ax “ " Modeling Template GUI is | Derinition
i i i T . . Unitcell Length X [70 tum1
Material Properties §§ Geometrical parameter ' integrated to Design Modeler G Tenain ¥
for each parts for microstructure Model for | Unitell Length 2 ]
. 1B Filler Volume Fraction [%a] ] )
. mlCI‘OStI'UCtUI'e 5 __Fll\er Radius Average 1D[um]
MOdellng il Filler Radlus Var\aﬂce 11 [um]
Minimum Filler Radius {5 [um]
Template [ Maximurn Filer Radius 20[7um_]
. Filler Gap Tolerance {1 [um]
ASSigI'l Micro structure
model
R E--9[=] Static Structural (AS)
Numerlcal i 7 Analysis Settings
Material - % Materlal Testing
Testing ﬂ_[ Solution Information
Stress-Strain N I- n "_' Deetails of "Material Testing” n
AR, . i , - =l Testing
Curve N ) e [Material [Elasta-Plastic
VD Uniaxial
Equivalent Material =/ Defnition D
P t Curve flt . . . ) ) ) I ¥P Uniaxial support other side load
ropertes Uniaxial tension for x dir. ~ Pure shearing for xy dir. I e
Control 13x12
Material test for any deformation mode and loading L
‘;.. Analueic ot Components
: input : output : | 102
history [Stabiization [PYcgram cartr

Homogenization analysis flow



Templates for Micro Model Creation 29" g0l 2cio] CAE Conference

By )% A o : J TR .
'}1"}@ ‘,(;. Single Multiple Triaxial Bladed

.............. Filler Dispersed . Continuous fiber reinforced

=

éhort Fibers

Design Modeler |

- N
File  Desion Disply . EEEECH
D 9 3
Unidirect Dispersion Honeycomb
Geometry Templates
Single Filler Unidirected Honeycomb SpaceClaim
L _J

Representative microstructure which can be made by Multiscale.Sim |r/|ﬁ Multiscale.Sim
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What is Multiscale.Sim?

| o . (% Multiscale.Sim
Add in tool to homogenization analysis on ANSYS Workbench @
@) A: Static Structural - DesignModeler Tree Outline L3
File Create Concept Tools Units View He\p E]--,,@ A: Static Structural
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Testing ﬂ_[ Solution Information
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AR, . i , - =l Testing
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VD Uniaxial
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Control 13x12
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Material Designer vs. Multiscale.Sim B ool CAE Conference

Homogenization analysis tool is made by broadly two features which are model
XSS = GEN 5,08 creation and homogenization analysis
| O | T oy v 1275 [ | i | e & ys1s.
Edit = | RVEType RVE Model Solve Update MD Med
C__mm— Feature comparison between two tools (as of Aug. 28, 2019)
+ Matenals
Ty Aﬂa?%%gjﬂzw ‘7" i = p
-oaR oo W e =2 T GUI SpaceClaim Mechanical
Stuctwre Leyers Selection Groups Views | Outine |
Opions - Canstent material solve ) ) 5 t es 17 t es
e Micro model creation P . P
(Design Modeler)
. ANSYS Mechanical Multiscale.Sim
License to use .
) : Enterprise
Material Designer released from 2019
(SpaceClaim GUI) Elasticity v v
g : Thermal expans. v v
=] @ Hodel (A4) =
e ol P Integrated section v
i % e Linear
/=] Static Structural (AS
= 3 e Homogenization Thermal conduct. v v
B Sg!ntgiun (A6) i
&y o Seepage coeff. v
I?eﬁiflosrc:a"::nmogem:ation Settings" n Pel‘meablllty for ‘/
:';‘::‘CE;JI:;Z:UOHTVDE Eltamstiljt:[:enswtv,‘rher EleCtric and Magnetic
L Nonlinear Next slides v
Testing Temperature | Tabular Data Homogenization for detail
Multiscale.Sim released from 2007

(Mechanical GUI) Localization v



Supported Material Behavior in Multiscale.Sim o5 Hol M0l CAE Conference

( )
Nonlinear homogenization features € - € -
» Numerical Material testing 4 4
* Any deformation mode t
* Any loading history
" Load Load /
» Curve fitting curve b curve b z
* Original optimization algorithm solve solve /)
(Tuned for each material models) /—
8p > £ > &
Elasto Plastic Hyper Elastic
. (Hill’s potential) ) (Kariske’s model)
f S A - h Under developing
?C ? (Some restriction at now)
Load Load
curve curve
solve solve
> t > t
Creep Visco Elastic Damaged
. (Hill’s potential) IR (an-isotropic generalized maxwell) IR (** and ** for UD)

(% Multiscale.Sim
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F Purpose _
Identification equivalent material constantse

* Orthotropic elasticity
* Coefficient of thermal expansion
* Density

\

2 R
taales

:

Lpcalu Ogtien | Runin Fersgroand =

F Analysis Model
* SiC matrix & Aluminum filler
* Spherical filler dispersed in SiC

F Material Type
* SiC : Pure Elastic
e Aluminum : Pure Elastic

¥ Operational Procedure
* Create Analysis System
* Creating microstructure
* Assigning material properties & Meshing
* Insert linear homogenization objects

e Confirmation results e
Blel€l=

e it .. |

EE. I
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Homogenization analysis in SPDM system
(SPDM : Simulation Process and Data Management)

SPDM process

Analysis Mat B Analysis Mat A
=) ai | [y T
at
M .
Co(;)‘;e or W Store all data in the
same format and place.
ultiscale.alm
' Move or copy a
DATA | DATA | DATA
Move or copy ’ ‘ Move or copy Submita job ’
ANSYS EKM

Analy51s Analy51s
Mat B i
Mat C Mat B
- /i ‘ GUI on Web browser with rules for

easy management

L Demerlt
* Duplication of data g@ \
* Lack of unity (spelling inconsistency) '

* Different information although same name
* Unknown source




Operational Demonstration?2 29" eyolacto] CAE Conference




29" EfA0fA O]
CAE
Conference

Analysis Examples




How to prepare material constants for input data 29" Eaol20io] CAE Conference

Training data : big data set from homogenization analysis

Forward Problem

Many number of analysis results

many number Orthogr()pfl ¢ pg()ps'fo ffiber ] Orthotropic props. of FRP
of combination Ey, B, Gy, Gy Ee Ee. Qe
(unknown) Vi, Vg, Vi J G%, VTJ ]Ijg
L TZ> LT “TZ
Fixed Elasticity of resin
E™ ym (Given) E™ ™ Homogenization Analysis
b

Resin

&

(¢ C [&
EL’ET7GLT

C C c
G%y, Vims Viy

Forward Problem Learning IS0 wne))5nl Real experiment
9 N

f of f
g
Gy, vims Vry

VAN VAl S S |
EL 9ET 7GLT7VLT7VTZ

impossible to perform real experiment Training data Learned NNW

Reference) S. Tsuchida, N. Hirayama, Y. Ishibashi, K. Yamamoto, K. Terada, I[dentification of orthotropic elastic constants
for carbon fiber, Composite Symposium in Japan (2018)



How to prepare material constants for input data
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Any value

Numerical Material Test

Used like real exp.

C
Er
&
ES
(g
LT
C
TZ
G
N
I/C
T7Z,

|_Props. _
Ef

Ex
Gir
. £T
2k

Used like real exp.

NNW

Identify

__Unit__|__Data__|_NNW | Error rate [%]

GPa
GPa
GPa

237.5
16.5
9.5
0.33
0.50

239.1
16.90
9.40
0.33
0.51

0.67
2.30
1.05
0.00
2.00

Reference) S. Tsuchida, N. Hirayama, Y. Ishibashi, K.
Yamamoto, K. Terada, Identification of orthotropic
elastic constants for carbon fiber, Composite Symp
osium in Japan (2018)



Elasticity homogenization for woven CFRP 29" ejaiol2%io] CAE Conferenhce

Simplware®

Image analysis for ident-
ification of geometrical
parameters

Image info. by DICOM data

goof | = : Real experiment
— : analysis by model 1
—— : analysis by model 2

700

600
500
400

L< L 300

Stress (MPa)

Model 1 Model 2
200

»Model 1 100

* Modeled woven shape by sine curve function ol . . :

* Volume fraction is not accurate 0.0 0.5 1.0 ;
»Model 2 . Strain (%) Autogre\lﬂﬁﬁ“h\”“' [

* Modeled based on geometrical parameter as a _

result of X-ray observation Precision universal tester

Validation

* Courtesy of Shimadzu corporation



FR4 (Glass fiber and Epoxy) 29" efolacio] CAE Conference

» Grass cross used PCB and so on 50

: Analysis [} : Experiment
» Evaluate elasticity and thermal expansion

25 r

20 = could not
measure

?

Young modulus[GPa]

Ex Ey Ez
7.00E-05

: Analysis [JJjj : Experiment

6.00E-05 [

5.00E-05 [

)
s

;-l-ullnﬁl
%

8

4.00E-05 [

3.00E-05 [

T

2.00E-05 [

o —. —.
0.00E+00
a X ay oz

Courtesy of NITTO BOSEKI Co., Ltd.

Thermal expantion coeff.[ppm /K]

Assigned equivalent
material constants
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F Sealing resin F Conductive adhesive
Material property is controlled by fillers Add Ag filler in matrix in order to achieve high conductivity
» Model » Modeling
* SiC filler + Epoxy resin * Ag filler + Epoxy resin
* Spherical filler * Complex filler’s shape

* Consider size distribution
» Homogenization
* Elastic

* Create by image base technique
(Delete small parts)

» Homogenization
» Elasto Plastic

LR e
‘ 2 Xy 12,0 .
FOA .33"‘;"’ m : Young Modulus (Analysis) g - ¥
& o o ® . i = 2 &
*w';m & . m : Shear Modulus (Analysis) 2
»g) .,

% o R
) : Young Modulus (Experiment) :
¥

“ - T Ag-Epoxy ICA
X - 60
w5 — Experimental Data
k b » O  Simulation
N

Loading Direction
ZZ

©
)

e o o i 0 B S N NSNS S,

| 40 -
distribution

Modulus [GPa]

»
=)

20

True stress, o/ MPa

2.0

0.0

| iy

0.0 0.5 1.0 1.5 2.0

True strain, /%

0 34 44 50
Volume fraction of filler [Vol.%]
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» Model 0.06
Considering Cu wiring structure under the bump. 5 005
§ o004
© i —
» Purpose @
Analyze the effect of wiring structure on the strain in bump. g 003
S 002}
Heat spreader \ o
@
TIM N £ St ¥ e Detailed model
Silicon die ~~ g gool o v Simplified model
Solder bumps — < | 1 = | Ho:noger:lzed nl'lodel

Underfill 7 |
Solder resist ? :
Copper wiring
FR-4 substrate

0 900 1800 2700 3600 4500 5400
Time, t/s

Epoxy resin

302

AT

Area Al Area A2
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PCB is multi material product made by many composite.
It is important to prepare it’s an-isotropic material constants.

Multiscale analysis approach based on homogenization technique is quite effective.

Difficulties of real experiments
Making all deformation modes for identification of an-isotropic properties
Taking a long time to perform.

Homogenization analysis solution
»Micro Model Creation
Many templates to create model automatically
» Numerical Material Test
Available for any deformation modes and loading history
» Curve fitting
Robust optimization algorithm to identify material constants

. —'\ G

N -

Good Material Database Leads Good Analysis ng
’
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Simple examples for creep homogenization 29" eoi2i0] CAE Conference

0.07
Multiscale creep analysis for lattice structure 0.06
F Creep homogenization analysis . 0.05 — TN S
> Virtual test for 6 modes = 0,04 g
. . = L. - Iz
* XX,yy,2Z uniaxial modes z &
; o 0.03} o
* Xy,yz,xz pure shearing modes 3 _ | | | _ 3 ' . I
» Curve fitting Y 0.02 £ = :xx uniaxial mode (CurveFit Res.) © 0.05 : Xy shear mode (CurveFit Res.)
* PSO Optimization : 7z uniaxial mode (CurveFit Res) e : Xz shear mode (CurveFit Res)
» Macroscopic constitutive law 0.01 ® © :xxuniaxial mode (Virtual Test Res.) © © :xy shear mode (Virtual Test Res.)
Ti h (jllg . & Hill’ i1 : zz uniaxial mode (Virtual Test Res.) 0.00 : xz shear mode (Virtual Test Res.)
°11m raenin 1 nti 0.00 T T T T ; T : ' ' ' ' ' '
€ hardening S potentia 01000 3000 3000 2000 5000 6000 0~ 1000 2000 3000 4000 5000 6000
] G (s A Time [sec.] Time [sec.]
Ecr = Crogt " exp | — T Creep behavior obtained virtual testing and the result of curve fitting
, G siatc tructral o s 0.005
Type: Equivalent Creep Strain T:U:"GLEH:WC:I:l; E::;‘sm.n -
L = {F (Oyy = 0uz) wenn -
2019/05/14 14:03 2019/05/14 13:55 —_ 0 004 L
2 2 8.03;6343 Max :mssl;;? Max g *
+G (O-ZZ - O-XX) _|_ H (O-XX - O-yy) 0.0052501 il g
12 0 0037504 . £ 0.003}
2 2 2 0.0030005 gzgiz:ﬂi >
+2N7—Xy + 2L7_yZ + 2‘Z\/‘[,]-XZ} S:ggizgg 0.00057075 %
0.00075086 1.4601e-6 Min by : :
987917 Min ) a 0.002} = : Typel Homogenized Model
. i o . Ty = : Type2 Homogenized Model
F Macro scale analysis Direct Model Homogenized Model E ool — : Type3 Homogenized Model
* Direct model is used for validation (Comput. Time=155 hours) (Comput. Time=4 min) —— : Type4 Homogenized Model
. == : Type4 Direct Model
* Good correlation between 2 model. \ / 0,000 L e
- 0 1000 2000 3000 4000 5000 6000

Faster 2300 times Time [sec.]
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Trace Mapping vs. Homogenization 29" efoi22to] CAE Conference

Trace Mapping

ECAD data ECAD

» Mixing rule
1

£ n ﬁ _ Jsfu (Vs By — VuEs)2
Es Eu EsEu (fsEs - quu)

Egﬁ: = .f;ES + quu Veff = f.SVS + quu

eff _ fSEsa’s + quuau
’ JEs + fuEy

ot afeyﬂ = (1 +v)) + anfu + (1 +vy) agfy — ST

eff peff _
EST EST =

a
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» Material property

* Board : homogenized anisotropic CTE
at 9 regions 8
. Ty LT B | P 3 3
* UF : visco elastic property of UF < , -
3 20mm
»Real experiment [Package on Packagel FCARI BGAM
. : FHAVI—IL
DIC teChnlque i FuITHAZX 7.3mmXx7.3mm
Eifg4X  20mmx20mm it um
B\51( 8 30
Y B SAME-S5A BAN—Z | 50
& PoP | EvF 500
3 & |V 300dia.
BGA | BAFRERBEOY (X | 250dia.
BI\EYT 80
v FCA JOy RY AR 40%X110
[FATEREBERICOIT A X 300
JCy R 328

X direction (ppm/C)

a b ©
18.7]14.8|15.4]132[175]11.6
d e f
154[13.2]15.3]176[172]148

h i

g
140[128]172][124|176]12.8

Y direction (ppm/C)

a b (o)
185]128[16.0]11.2118.1]11.2
d e f
Length (mm) 178]128|166]18.8|16.8[14.8
E h i
=as 2% 125 ——175°C 250°C 170]12.0[172]132]15.4]20.4

— e =55°C == = 25°C 125°C = — 175°C == = 250°C



