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Simulation Assisted Reliability Assessment

Virtual Qualification

Design Capture

L_oad

Transformation
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Failure Risk
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Sites and Mechanisms
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Physical Verification: Test Setup, Specimen Characterization, Accelerated Stress Test
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Uses of Virtual Qualification

 Life assessment under anticipated loading conditions
» Design trade-offs
 Accelerated test planning

* Interpretation of accelerated test results with respect
to field life

» Remaining life assessment
 Prognostics development
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CalcePWA Software Assessment (Military Radio)

Obijectives:

« Assess reliability of Control
Module in the military environment

Analysis Results.

« 20 pin Leadless Chip Carrier (LCC) was weak in design
« Estimated life under operating conditions - 6.5 years

 Improve reliability of Control /f—"“‘“}l Aluminum Backplane
Module é 5
/—x@@ <+« Board 1
f i =
- J]M_’— rame
Testing Results: ,f e +— Board2
117 e ;gf”“ - «——Board 3
121 — éj_Alumlnum Backplane
123
24— 2 2 | =-=.-=u=Pl =Pt
B : R AN
5 > : '='§ gt s Developed Log Case Study
132 3 " e = for Potential Improvements
151 S SSREE e EteErS « Module Level - 5,000 units
202 ' r ==l s : -
206 | [ LB ] fielded - 20 years field life
0 500 1000 1500 2000

Equivalent Thermal Cycles

Model prediction
20 Year life

LCC Failure
— Module Timeline

Testing of CCAs demonstrated failures
predicted by CalcePWA Analysis. Redesign
of module results in an estimated savings of

$27 mil in avoided cost.
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Successful Application of calceSARA
Design-Build-Test-Fix vs. Simulation Assisted Design

|

T
28

Pontiac
~“Grand Am
(Development Period - 130 WKs) (Development Period - 109 Wks)
Program Comparison: Moderate More Complex
E/E Technology: Proven Tech/Compts - No Electromech. |Proven Tech/Compts+4 Onboard Relays
Functional/Software Complexity: Moderate More Functions, More Complex
Power/Internal Heat: Low Power/Heat High Power & Thermal Challenges
Packaging: I.P. Mounted Snap Fit, 1 conn. Console Mnt., Integt’d w/Fuse (NEW)
Supplier: Supplier A - Highly Capable Supplier A - Highly Capable
Results: Completed 1/98 Completed 8/99
# of Total Test Issues Identified:: 16 ----------mmm e > 6

* Product development using simulations produced a more robust design, faster
» First pass issue reductions: 100% E/E circuits, 83% permanent failures, 75% EMI, 63% total

» The more complex module using the simulated assisted design achieved higher quality durability and
reliability by beta version in a faster period.
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Managing the CCA Virtual Qualification Process

Project Selection

2] CalcePWA-Toolbox . Bar
Project Design Edit Bun Library Help L
Active Project | cal CE Demo Project (201) -
MOdelin E [22a] r[)emuBuardm {1 -
9 Ly CCA Selection Tab
Top: Bottom:
Stress
— AMALYSIS
Assessment
i 4
UIERATION
AMNALYEIE
Reliability — S o <= Thumbnail images
Assessment _ _ of CCA
i Q PATH: CADocuments and SeftingsiostermanicalcePYWalprojectst 20—
RRALCTDE _ —_— -
Mum. Parts: 7 Modified: 2003-10-17 14:26:06
Status - Fum. Components: 8 Modified: 2003-10-17 14:26:06
* |Board Cutline: £ 101.6 ¥ 0.8 mrm) Modified: 2003-10-17 14:26:06
Board Thickness: 0.85mim Modified: 2003-07-2815:11:54
Status of the —— Failure Assessment Results: -
calcePWA

evaluation process
can be quickly
viewed in this panel.
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calcePWA Libraries

=] CalcePWA-Toolbox

Project Design Edit Run |Library | Help

Active Project | workhooks (1 Material -

Part

Eigl || [ wh3(3) | =

e atress

ULE Failure Models
Create Library Archive
e Restore Library Archive

Delete Library Archive

Restore CALCE Library ltems

To promote reuse of data, the calcePWA software has the
following database libraries. Libraries can be build either top
down and bottom up.
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Printed Wiring Assembly Design Manager

ﬁ 25 PWA Designer - wb3
FESIEH | File Edit View Help

s Y A - AR N 2 ES
Top Components: : Board Side: Tap
c1 afl E Length: 177.800 mm
2 ; Width: 114,300 mm
c3 Thickness: 3.190 mm
ca 3 Scale: 9560 %
Cc5 Top: 38 components
J1 Bottom: 17 components
P1
R1
Bottom Components:
C6
Cc7
c8
co
c10
c1
R11
Parts:
AT_PBGA_225
AT_PLCC_28
i _ @l nt:
AT_POFP_120 e
CBGA100 art:
CHS52 X 24 691 mm
Y: 104,753 mm

The PWA design manager provides the ability to define and/or modify
the PWA model. Model items include board outline, material inserts,
layer stack-up, vias, component, part, and materials.
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Supported CAD Text File Imports

Import currently available for

« ODB++

« P-CAD

* Veribest

« GENCAD 1.4

« Mentor Neutral File

e Cadance IDF file

« PADS 1.0, 3.5, 4.0 text files

« Zuken-Recal (CADIF) text files

Import typically provides board outline, part list,
component list, and component positions referenced to
the board outline. The import procedure was developed
by extracting data from example text files.

University of Maryland
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Thermal Assessment

21 TA Man ager -C:\Documents and Settings\osterman\calcePWA\projectsi? 1\1\usage50.thermal |Z||E| E|
File Edit Display Run Help
. ke -z x| = E | ES]
A= L AT R T
" |CCA Name : DemoBoard
Cooling Type : Conduction
Total Power : 1.9 Watts
Temperature Scale (deg Ch
nsulatl Boundary
001 Condition
Unassigned 8.0 | golection
Grid Locations 40.0 Palette
Boundary are calculated 35.0
conditions are L
applied 25.0
to each layer 20.0
15.0
10,0
Flood Fill Toggle 5.0
Button allows for .0
rapid assignment Grid Pos{ ¥, Y ) : Outside
of boundary | Temp: 50.0
conditions at the Flood Fill Edges
calce Center of Advanced Life Cycle Engineering 11 University of Maryland
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Display of Thermal Analysis Results

® Display Tool Manager C:\Documents and Settings\osterman\calcePWA\projects\i1\1\usage50.thermal.Results |Z||E|E|

File View Board Components Display

Help

iy Wi+ = % T
@ [~ ] [ ] . BORRD | CAYER ComF C

Layer 1 (deg C)

T, A8 Xp

-

2% Cross Layer Popup No. 3

purh epmyF

fwirky, epoiorF

fweky, ep iy F

b epoxyF

pwh . epoxyF

P 2 0xyF

i 2 03yF

fwirky, epoiorF

fweky, ep iy F

b epoxyF

b epoxyF

Layer 1
Laver 2
Lavyer 3
Layer 4
Layer 5
Layer 6
Layer 7
Laver 8
Lavyer 9
Layer 10
Layer 11

Laye ~

{0.542,0.098 )

P 2 0xyF

= Cross-Section Plot #e=

(3.815,1.487)

| »

Active: DemoBoard
Side A

Conduction

Layer 1 (deg C)

[_] Graphs
|| Lavers : C.5.

76.201
F4.133 -
72.066 -

9.998 - 72.066
7.930 - 69.998
5.862 - 67.930
3.794 - 65.862

F6.201
74.133

CalcePWA
Thermal
Display Tool
presents the
results of a
thermal
analysis.

;_ j[omponents SpreadSheet

|

Part Part Placement Interconnect Mat. (Interconnect |Interconi
(8] MNarme Sie Center Center Conductivity Length Area
fmmj (mmj iim degC)h (m im*2)
L3 PLCCES top 18540 1480.0 na 0o na
50T 50T23 top 2099.0 5580 124 G HTE-4 5 1BE-8
L2 POFP1ED top J206.0 13950 na 0o na
7|1 TSOPZE top J486.0 4260 na 0o na
s PBEGAZIS top B47.0 a11.0 A6 B.0E-4 B.0E-7

information

‘ Dismiss H Specify Fields ‘

Tabular view of component

_ D
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Determining Component Temperatures

& Display Tool Manager C:\Documents and Settings\osterman\calcePWA\projects\1\1\usage50.thermal. Results |Z||E”z| S u bst rate Te m p e rat u res

File View Board Components Display Help
aRNNEIExSE B & 5[50 Top = Tiayer + QR,
Substrate Temperature (Deg C)
rctoe: Do Tyayer -- Layer temperature below component
Side A
Substrate Temp. (Deg C) RZ - (|)<5AZ
[_] Graphs Zpk
|_| Layers : C.5.
e A -- Planar component area
7464876202
3.004 - 74.648
Sk Case Temperatures
0.087 - 71.541
8.433 - 60.987
gzg:g;g: Tcase — Tsub + QRcase
3.772 - 66.326
2.218 - 63.772
0.664 - 62.218
R R..se - Parallel resistance of leads and
e 2 case to substrate
- [% Pos: 3.342
1 | | »| |¥Pos: 1.400

Junction Temperatures

' T inction = 1. O,
The display tool shows component junction = Tease T QO o

temperatures calculated from the ® . --User specified
thermal analysis.
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CalcePWA Thermal Analysis Module
Demonstrated for Avionics Printed Wiring Board
Assembly

Percentage error between the case temperature

predicted by CalcePWA and the experimental data

Flight Equipment Board

——————F

e a” ° { = et
| s 1p ! 1 | 1

5
4 0 T=40C (natural convection)
B T=70C (flow over)
3
2
@ 1
g
ED .
L8 & Sl & Sl & S S
d 9 o B B E
2 -
3
4
5
Parts

Analysis results: Thermal analysis

L - 1)
o E= - =11
- e = )

T . = v

Benefit for the EADS: Development

software in CalcePWA has been
validated against experimental data.

A 4

of an optimized plan for accelerated
qualification testing
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Validation of calcePWA Thermal Analysis

The thermal analysis software in
calcePWA has been extensively
validated against experimental
test data and accepted

numerical simulations.

3
[

[

CalcePWA
Thermal Software
Found to be within
Validation of Conduction Analysis 5% of experimental

B8

T
. o
m {

test data . i .
Comparlson of Component Junctlon temperature
o 2stem by 7 by | ‘ T ( °C) for natural convection case study
o 40 T
: j Heat Load :‘ 1ow enclh s‘ldel t D:slulne ' |N‘lISC I LZAI‘.CKI I li]
& i 4 O emamet Exp. Predistion 4 [ Component type and power calcePWA Program “PCB
g a0 I oats ° — 4 | dissipation EXPLORER”
—————————————— = - L 24t . j | | 24 lead DIP (1.56 W) (U55) 124 134
E - NN odes o+ — - [ 16 lead DIP (0.32 W) (U38) 79 75
B 20 I _ . . .
% _ 8 Comparlson of Component Junctlon temperature
Lo TR e & L 1  (°C) for flow over case study
t!n height  : 0127 cm.  (0.05in. & B -
Fin thickness : 0.01524 cm. (0.006 ir 8 B -
_ g - ] Component type and | calcePWA Program “PCB MRCs
! 2 NI YRR AT RTETE T R power dissipation EXPLORER” SUPERPOSITION
15.24 cm. (6.0 in.) 0 1 2 3 4 5 METHOD
AIR FLOW RATE (ib,/min) ?Sggz;d DIP (1.56W) | 101 110 108
' ’ Figure 3. Temperature rise between surface and inlet air 16 Iead DIP (032W) 67 62 59
Validation of Coldplate Analysis for & flow through SEU-E module. (U3s)
calce Center of Advanced Life Cycle Engineering 15 University of Maryland
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Vibration Analysis Manager

B[=1E9

2] Vibration Analysis Manager - DemoBoard

File Edit Cutlines FEM Display Help

v Ccutines e (@ [T 7 .

i® Boundary Conditions | Translational_Spring

Simple
Clamped

S p r i n g Rotational_Spring

| Clamped

Simple

Vibration Analysis Manager allows you to assign supports to the board for consideration in
the modal analysis and dynamic response. Additional options have been added to toolbar to

facilitate use of the software.

University of Maryland
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Displaying Advanced Vibration Analysis Results

24 Vibration Display Tool C:\Documents and Settings\osterman\calcePWA\projects\2 1\1\t2.rand.vatresults |‘L”‘E‘E| 27 Vibration Display Tool C:\Documents and Settings\osterman\calcePWA\projects\21\1\t2.rand. vatresults |:HE|E‘
File Board Ci View Display Help File Board C View Display Help
Wi, N Lo F D e W ki ]
ﬁ@Il.*."‘DQE ﬁ;mII.*' QE
}_\,7\ Natural Frequencies R;. Random Digplacement
BORRD . o Random Displacement
= INatural Frequencies %J( Units : mm
oy )
BOGD
E }4.28552
Ky
BOAD @
= siifn #.ﬂsgsz - 4.288E-2
KiY
Lt DR ¥ T P.su&z -3.800E-2
Ak ) 977.9Hz @ . 121E-2 - 3.51E-2
@ 2 1164.5Hz _  732E-2 - 3.121E-2
@ W .342E-2 - 2.732E-2
K?‘ 1.953E-2 - 2.342E-2
- Frames PerSecond | | ™ .564E-2 - 1.953E-2
v ————
nnnnn
Low High <o 1.175E-2 - 1.564E-2
P e 855E.3 - 1,175E-2
3.36E-2
doe £
Part 1D Undefined
Ampiitude X Pos: 2194
e ¥ Pos: 1981
Low High
-
Displacement
PartID Undefined
X Pos: 3358
¥ Pos: -611

7, Vibration Display Tool C:\Documents and Settings\osterman\calcePWAlprojects\21\1\t2.rand.vatresults (=3

Mode Shapes TTHnun#s tes

Random Curvature Kxx

Random Curvature Kxx
Units : 1/mm

L33E-6

|

Analysis results include:
Mode Shapes,

Natural Frequencies,
Board Displacement,
Board Curvature,

Component Displacement, and o=

Component Curvatures Component Curvature

1.968E-5 - 2.33E-5

|

1.605E-5 - 1.968E.-5
1.243E-5 - 1.605E-5
L.B06E-6 - 1.243E-5
.182E-6 - 8.806E-6

[1.569E-6 - 5.182E-6

0 KT 2| 3 | Be RO Be IO

-2.065E-6 - 1.559E-6

=

5.689E-6 - -2.065E-6

9.313E-6 - -5.689E-6

30 2

=

calce Center of Advanced Life Cycle Engineering 17 University of Maryland
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Validation of CalcePWA Vibration Analysis

Modal Analysis & Displacement
calcePWA

ANSYS St Fuo
Resonant Frequencies Lo e Em‘
710 Hz
1331 Hz
1444 Hz

Joaso- 03
Joan- 00
" Joass - 0.0
Josz- 0
Josa0- 0
o= 050
1 [0zsa- 07
o2z - 02sa
1oz - 0z
oz - 020
4- 0228
o - 0
mjoss-01m
W05 -0
Wos- 0%
W0 -oms
WJosss - 0m

60

M[0.023 - 0045
oo - 00

04

Displacement (mils)
%101

Parameters

Natural Frequencies:

calcePWA
Resonant Frequencies
724 Hz
1348 Hz
1399 Hz

FUNDAMENTAL FREQUE!

calce Center of Advanced Life Cycle Engineering 18 University of Maryland
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Validated against Measured Test Results

Input frequency to Solder Joint
Fatigue is lowest value of CALCE
results and ESS test results

Video Processor CCA

Power Filter CCA
Processor CCA

Interface CCA

Serial 1/0 CCA

Backplane CCA

The vibration analysis software in calcePWA has been extensively
validated against experimental data and numerical simulations.

1st Natural
s, R o
CALCE Test Data i)
372 510 33
226 230 13.5
248 265 47
303 265 66
261 N/A* 61
417 410 04

—
=
4
] [

IS

m———
=
15
EE(=

o e

== =
i s N I

L]
=

=
[E==3 im

L] L]
(R
1Ly 111
e
Nl
o1 e
vl
Al i
| [ =l
o R R T
NN
LI NN NN
L L]

Frequency and Modal Analsyis
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Comparison of Board Strain versus Input with
calcePWA Vibration Module and Test Data

4 50E-03
4 .00E-03 /*
350603 - T req215Damping 0.0

=i Freq 215 Damping 0.02 /
3.00E03 +

test{input) /
2 50E-03
2.00E-03 / /
1.50E-03
1.00E-03 ////
5 00E-04 —

/ ‘_..ﬂ""-.

—-—-—-_*—-—F.‘

0.00E+00 .

1 10 100
Load Level (G)

Comparing test strain to measured strain shows good correlation.

Board stain

University of Maryland
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CalceTCExtractor

The TC Extractor iIs used to
cover temperature time
history into discrete half
temperature cycles and
reduced half cycles.

File Edit Library Help

-

|£ | Rainflow Extraction for Thermal Data

File | Options Display Help

Extract Cycles

Reduced Cycles

Export Half Cycles

Exit

# Run Model ised)

Launch Temperature Cycle Extraction Module are\bgatfupdate\staking.inp

| CLCCtestprofil... lg_@;lﬂ
File Edit Format View Help
1,19.104 -
Export Reduced Cycles 2,22.888 (=]

3,30.199 =
4,38.732
5,47.24

|£: | C:\Users\osterman\Documents\calce\p... C— L

File Options Display Help

Loaded File: CLCCtestprofilecsv2.csv

Half Cycles Extracted: 944 -

Reduced Cycles Extracted: 4 R

File Options Display

Help

Min Temp

& Error Log

IR

| = View Results
T IETTSTOTy P ETETITETeTS
HoneL ~IsoTime Parameters
~Package Parameters
~BGA Substrate Param
~BGA Overmold Param|
~Die Parameters

Die Material Paramet
~Attach Properties

Solder Properties
~Underfill Material Par{ |
~Board Parameters
~Stress Condition —

101 -

g

Analysis Mode : |Single Z
Distribution Type :

ga\gl

I

MaxTemp  CyclePeriod Dwell Ramp CyclesPerDay
7478 7 1 0.17
7478 0.17
0.17
0.17
0.17
0.17
0.17
017

0.17
0.17

lay Help

mp  CyclePeriod Dwell Ramp
7 1 6
6.5 45 2
15 5 10
28 16 12

CyclesPerDay
0.17

133.69

13.25

13.25

0.17
0.17
0.17
0.17
0.17
0.17

@ O
[N R=}

A BNIONAEORENENSORO

6
2
2
2
2
2
2
2
2 0.17
2
2
1
1
2
2
2
2

D NDNN DD NDNDND N D~
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Life Assessment

Life assessment in calcePWA is conducted predefined a life cycle profiles

21 Failure Assessment Manager - DemoBoard - test |Z||E|[g|
File Edit View Run Help

21 Failure Assessment Manager - DemoBoard

File Edit “iew Run Help

B Em=lolz=a BEEERERRE

REZULT

i CCA DemoBoard

Load a failure assessment prokblem IActive Profile: tc

Mumber of Models to Examine: 3
Current Mode: Life

Results

Sho. Site wEwval Prime Failure MoDamage Criterig
1.0 FTH-barrel-op... 1.0 CALCE_PTH |= 30vears (DR...
20 LJ3-solder-open 1.0 18T_TF_JLEAD |= 30 vears (DR...
3.0 IJ2-salder-open 1.0 15T_TF_GULL |= 30 vears (DR..
4.0 11-zalder-open 1.0 T8T_TF_GULL |= 30 vears (DR..

1. Select a predefined life cycle profile &

2. Save life assessment problem, =
3. solve life assess &
calce Center of Advanced Life Cycle Engineering 29 University of Maryland
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i} Defining the Life Cycle Profile

[ Identification | Properties | . | |
Stress condition refinement dialog
Max. Temp. Source : | Import_Results

Mazx. Comp. Temp. : degC

Application Stress Manager

1] Life Cycle Profile Manager - life.prof
File Edit Library Help

Mazx. Board Temp. : degC

Max Temp. Thermal Results :

ﬁ B 12?5 a & Max Temp. Import Results : |test | Select

EEng'IEﬂT |Segment Stress Min. Temp. Source: |User_Defined hd
Fumber Mame Type
— Min. Comp Temp: |-40 degC
|Select Load x| _
— Min. Board Temp: |-40 degC
Temperature_Cycling e )
1.0 Tem| . Temperature_Cyclf Min Temp. Thermal Results :
Random_Vibration .
2.0 Shoe _ Mechanical_Shock i T import Results -
3.0 ry Me-::hamcal__Shu[:k Fandom_ihration A TEL U R s
4.0 s TempHumBias Termperature_Cyclf Dwell Time at Max. Temp: |10 min
Dweell Time at Min. Temp: |10 min
.ﬂ._d[:l H Ramp Time Min to Max Temp: |20 min
Ramp Time Max to Min Temp: |20 min
OK cancel Has Fixed Duration: |Yes ¥
Fized Cycles: 12

Available Stress Types Beulgerdlt @ fre e B s

| OK || Cancel |

The Life Cycle Profile Manger allows you to define multiple loading conditions over which
that PWA can be analyzed.

calce Center of Advanced Life Cycle Engineering 23 University of Maryland
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PWA Life Assessment

The life assessment module uses the PWA model, results of thermal and
vibration simulations defined in a life cycle scenario to determlne Ilfe

t fd ' | - -
expectancy o esign. s
a |Results
» . erks [~|Damage Ratio < 1 : Passed|
Z | Life Assessment Manager - wb3 - life? = el = 7
File Edit Wew Run  Hel Il
o = # = oelp < Qe
4
L friecd fom ™ - o) cs
@ [E ] MODEL % Rd’a REZULT @ E?
C8 =] . Failed
a Do " Sites
] m : life
dels ko Examine:; 10
1ST_TF _BGA -5 Wiew : Life @
15T_TF_BGA - A ent Criteria: 15 Years
15T_TF_BGA - 1 Model Info Re BGA =
1ST_VWF_RML-2 File  Edit
15T YF_PML - 4 o starima
- - — | gre Mode (Bl
First Order Thermal Fatigue Model For | — o
R
Ball Grid Array Zi"EMM;“ | [feto el
Partld: uts e l Y O L
Condition Mame: stress_5 TF_BGA 3,89 years (DR 1,51 _
Conditon humber 5 [F_PEGA  15.17 years (DR:0.99) [N i
- ?’ cles TORF T_”*_”e' 13 i‘z - F_PBGA 15,22 years (DR:0.95) [0 Mgl
4.1] Df’;;;izonar'& . oo TF_GLLL > 30 years (DR:0.44) [ g
5.4 e TF_GULL > 30 years (DR:0.43) [0 Mg
6.0 “alue Reported is (1E1) Percent Failure | TF_LL > 30 years (DP‘:DB?:’ _
#.0 | TF_LL = 30 years (DR:0.37) [ Wiew
a.0| weibull Parameters | TF_LL }m_uaam_
9.00| Shape Parameter: 4 | TF_LL > 2 H -
10, Offset (Percent Characteristic Life); 0 | TF_LL = COIOr COdIng to hlghllght
Strain information items that fail to meet life
Let: 0375524 = eXpeCtancy
Show Input | | Dismiss
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Avalilable Faillure Models

» Thermal Fatigue of Solder Interconnects

— Most conventional package styles (SOIC, PLCC, QFP,
BGA, SOT, HSOP, HSLCC, PGA, DIP, LCCC, LCC)

» Thermal Fatigue of PTH
« Thermal Fatigue of Die to Package Interface

 Vibration Induced Fatigue of Package to Board
Interconnects

— Most conventional package styles (SOIC, PLCC, QFP,
BGA, SOT, HSOP, HSLCC, PGA, DIP, LCCC, LCC)

« Mechanical Shock Induced Failure of Package to Board
Interconnects

— Most conventional package styles (SOIC, PLCC, QFP,
BGA, SOT, HSOP, HSLCC, PGA, DIP, LCCC, LCC)

* Die Level Electromigration
e Die Level Metallization Corrosion
e Die Level Dielectric Breakdown

calce Center of Advanced Life Cycle Engineering 25 University of Maryland
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Modeling Validation

15t Order Thermal Fatigue Leadless Chip

Carrier Model Validation CALCE PTH Thermal Fatigue Model

10000

1200 ~

+ Measured
¢ 1000

1000 R o — CALCE PTH -
2 * /"
E ® -—5 200 - Model
T % 2 N63 (Beta 4) /
é 100 - Z GO0 - *
£ ¥ N1 (Beta 4) /
g > o
i 400 LT

10

200

0 T T T T
1 10 100 1000 10000 0 200 400 600 800 1000

1

Predicted Life . .
Simulation

- : 15t Order Thermal Fatigue PBGA Model Validati
Interconnect fatigue failure raer thermal Fatigue odel Validation

models have been validated BGA model has been

100000

though experimental data compared against
and detailed numerical .

ulat Th del - over 40 megsured
simulation. These models ¢ results obtained from
s o indated 1" fhe published papers,

P = . . . conference articles
necessary N wI'.I:ean LifeCy1cI:I|2:tl'.ﬂeasur:{?jum . and experiments
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Comparison of CTF

100 -+~
100 +—— h \- ~
~ ’
N SnPb (model) N ——— SAC (model)
b N — = SnPb(1%
- . (1%]) - = SAC(1%)
W~ < = + =5nPb(c:1.5)
. wON = . =5AC(modelc:1.5)
B SnPb(c:1.5,1%) .
. Wote N seesaas SAC{model c:1.5 19%)
© 10 - -

10 3
o 2
S =
5 £
£

S ~ .
AN
- .
., b
1 ' 1
1.00E+00 1.00E+03 1.00E+06 1.00E+09 1.00E+12 1.00E+00 1.00E+03

1.00E+06 1.00E+09

1.00E+12
Cycles to Failure

Cvcles to Failure

These plots contain curves for life expectancy of lead-free (SAC) and
SnPb solder interconnects under harmonic load conditions at varying
input accelerations generated by the calcePWA software for the
CABGA test board. Test results plotted against these curves reveal

good agreement.
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Validated Temperature Cycle Induced Solder
Interconnect Fatigue Model for SAC

2 mm thick board contained PBGA, TSOP,
TQFP, CLCC packages. The simulation
model was based on a test vehicle used
under the JGPP/JCAA Pb-free Solder Test
Program. Test assemblies were subjected
to a -55 to 125°C temperature cycle and a
-20 to 80°C cycle condition

100000
+ 3SAC
= - S base .
.9 - - -0 5base .
T 40000 TR i
— _ 11 a s o L
yd 2 et
4 \ 1= R
£ o) / n A
; \ / / \ Ll 1000 A
. / @) A
\\ E: Zl{// 4 o o 7 E. 100 J f'f P
-50.0 \‘ — <
O 100 : :
‘‘‘‘‘‘‘‘‘‘ o 100 1000 10000 100000
.55 to 125 C test _
Experiment

M. Osterman and M. Pecht, Strain Range Fatigue Life Assessment of Lead-free Solder Interconnects Subject to Temperature Cycle Loading, Soldering & surface
Mount Technology, Vol. 19, No. 2, pp. 12-17, 2007.
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/@, Probabilistic Physics of Failure (PPOF)
Assessment in calcePWA

LI

Material Propertles Geometry Loads

PDF

%te Fallure@

A

FFOP Time-to-Failure

0

Failures
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Probability Physics of Failure (PPOF)

» The default failure assessment process in calcePWA is to use
nominal values for all parameters with the assumption that the
failure assessment results represent time to 50% failure.

» To assess the effect of input variations, you can directly vary
Inputs and re-run the assessment. This requires modifying
model data, regenerating the LCPDB, and re-running the
failure assessment.

* The PPOF capability within the calcePWA failure assessment
module offers two alternatives: assigned distributions and
calculated distributions.

— Assigned distributions include Weibull and Lognormal which can be applied
on a model-by-model basis.

— Calculated distributions are established by defining distributions to input
parameters and using a Monte Carlo technique to establish the failure
distribution.
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Example of Monte Carlo Analysis

. Life Assessment Manager - DemoBoard - life_mc2_profile

BEX

File  Edit

Wign

Run  Help

=l

o Eh
''''' HUDEL

@D

EE}E

B

RESULT

&

CCa: DemoBaoard

Active Profile: life_mec2
Mumber of Models to Examine: &
Current Mode: Life
Life Requirement. Criteria: S Years

Results

Sho.

Site

#Ewal

Frime Failure Madel

Darmage Criteria

1.0
2.0
3.0
4.0
5.0
6.0
7.0
3.0
2.0
10.0
11.0

LS-s0lder-open
U1-solder-open

UZ-solder-open

PTH-barrel-open

U3-solder-open

U_50T-solder-open

Uz-inkerconnect-open
U1i-interconnect-open
U3-inkerconnect-open
U_SOT-inkerconnect-open
US-inkerconnect-open

3.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
1.0

15T_TF_PBGA
15T_TF_GULL
15T_TF_S0T
15T_TF_GULL
CALCE_PTH
15T_TF_ILEAD
15T_¥F_RM
15T_¥F_RM
15T_¥F_RM
15T_¥F_RM
15T_YF_5K

1.74 wears (DR 2,84)
13,83 years (DR:0.36
19,34 vears (DR:0.26
> 30 years (DR:0.09)
= 30 years (DR;0,08)
> 30 years (DR:0.01)
= Specified (DR;:0,00}
> Specified (DR:0.00)
= Specified (DR;:0,00}
> Specified (DR:0.00)
= Specified (DR;:0,00}

Expected life is calculated based on the
defined life cycle and assumes that the

loading condition persists until failure.

The total damage (DR) is based on the

defined life cycle loading condition.

Life Cycle Profile:

1. Temperature Cycle —40 to 100°C
(1 CPH) -12 cycles

2. Shock 20G .5s Half-Sine

3. Random Vib: 0.2 G/Hz (100 to 500

Hz) — 100 hrs
4. Temperature Cycle 0 to 80°C (1
CPD)

. Results for US:15T_TF_PBGA

File  Edit

First Order Thermal Fatigue Model For PEGA

Part Id:
Condition Mame:
Candition Mumber:

Cyclos To Falilline;
Damage Ratio:
Distribistion Type:

MC Mean:

MC Standard Dev.
M Min:

M bl

W
ze

4

647
2821335

MonteCarlo

I¥ gfue Rapotod s
(TEQ Parcent
Faliure

865739500
117.022928
615600000
1304.000000
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Acceleration Factors

In product qualification, it is often impractical to test the
system for its full expected lifetime. As a result, high load
frequency and load levels may be used. In order to relate the
test condition to the anticipated use condition, a failure
assessment under both conditions must be completed. If the
same failure mechanisms and sites are produced under both
conditions, the test and use condition can be related. An
acceleration factor is the term used to relate the test and use
condition.

t
AI: —_ NUSG AI:t — use

cycle N ime t

test test

The ability to present acceleration factors has been recently
added to the calcePWA software. In calcePWA, the
acceleration factor is presented in the time domain.

calce Center of Advanced Life Cycle Engineering 3 University of Maryland
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Time Domain Acceleration Factors

## Life Assessment Manager - DemoBoard - life Elglg
I

File Edit Wiew Run Help
= X 1,

=== AR AR R
CCA: DemoBoard -
Active Failset: test =
Active Profile: life
Nurnber of Models to Examine: 10
Current Mode: Life i
Life Requirement Criteria: 10 Years B
Acceleration Factor = t_life [ t_test b
Results
SMo. Site-Mode #Eval Prime FailureModel Fxpected Life Acceleration Factor =

2.0 |U5-solder-open 5.0 1ST_TF_PBGA 7.78 years (DR:1.23) 49,27

7.0 PTH-barrel-apen 4,0 CALCE_PTH > 30 years (DR:0.18) [ WigR 39.94

5.0 C1-solder-open 5.0 1ST_TF_LL > 30 years (DR:0.28) [ iR 32.57

5.0 Ut-solder-open 4.0 15T_TF_GULL > 30 years (DR:0.19) [ g 3135

11.0 U3-solder-open 4.0 15T_TF_ILEAD > 30 years (DR:0.00) [ iR 26,64

8.0 UzZ-solder-open 4.0 15T_TF_GULL > 30 years (DR:0.07) [ iRy 24,13

4.0 U_SOT-salder-open 4.0 15T_TF_SOT 17.73 years (DR:0.58) [ Wi 7.33

10 LiZ4nterconnect-open 2,0 15T_VF_RM < spedfied CR:1.97) [ 0.0

3.0 U3-nterconnect-open 2.0 1ST_VF_RM < spedfied CR:1.27) [ 0.0

9.0 U 14nterconnect-open 2.0 15T_VF_RM > Spedfied (OR:0.07) [ ieR 0.0

10.0 U_SOT-nterconnect-.. 2.0 15T_VF_RM > Spedfied (OR:0.01) [ WiER 0.0

12.0 Cl4nterconnect-open 10 15T_VF_SKD = Spedfied (DR:0.00) iRy 0.0

13.0 L5-nterconnect-open 1.0 15T_VF_SKD > Spedified (OR:0,00) [ im0 0.0

The acceleration factors determined in calcePWA are presented in the time domain. As
such, the time in test is related to the time under the use condition. Therefore, an
acceleration factor of 50 means that a part requiring 2 months for failure under the test
would required 100 months to fail under the prescribed use condition. Alternatively, if a
part can survive 2 months in test, it should be expected to survive 100 months in the field.
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CalceFAST Software Interface

- i CalceFAST-FmAnalvzer

Menu Bar =11 File Edit Execute Library Help

@ File Marme:
Model: CALCE PTH Barrel Thermal Fatigue Barrel Failure
B [=}-Features 5i|‘|§||E.'
----- Analysis Parameters i T
belE Analysis Parameters Sensitivity
ey e Sensitivity Parameters .
il | [ IsoTime Parameters Analysis Maode Multipls
TOO I B a.r % ----- PTH Site Parameters I=saTime
_____ Plating Data Distribution Type : | Mone -
% ----- Plating Makerial Data Mone
----- Finish Data eibull
R}J;_, ----- Firish Material Daka Lagnormal
a W i Fill Data rlonkeCarlo
----- Fill rMaterial Diata
L)
| S Board Parameters D ata
----- Stress Condition
M O d e I ----- Weibull Statistical Parameters E n tr
----- Lognormal Skatistical Parameters y

Featu re :::EI-;::ECD.:;IE Skatistical Parameters Pan e I
List

CalceFAST 5.0 (Failure Assessment Software Toolkit) software provides the
capability to bypass full scale design modeling and conduct failure assessment
using individual failure models. The software implements a failure model plug-in
interface and allows the failure model software to be used in calcePWA 5.0 and
on the CALCE Web Site.

calce Center of Advanced Life Cycle Engineering 34 University of Maryland
http://www.calce.umd.edu Copyright © 2024 CALCE



Expanded Models in calceFAST

7] Select Model ...

Interconnect Failure Models

Interconnect Failure Models

2nd Order Interconnect Failure Models
Device Failure Models

Die Fracture Failure Models

Electro Static Discharge Failure Models
Other Device Level Failure Models

Data Analysis Tools

15t Order Thermal Fatigue {C-Lead)

15t Order Thermal Fatigue {(Surface Mount Can)
15t Order Thermal Fatigue (HSLCC)

15t Order Thermal Fatigue (DPAK/SMH)

15t Order Thermal Fatigue (HSOP)

15t Order Thermal Fatigue (S0T)

15t Order Thermal Fatigue (Axial)

15t Order Thermal Fatigue {DIP)

Cancel

Package and
device models
from CADMP-II
are now available
In calceFAST.
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Sensitivity Analysis Results

;_ jShaw Results
File Edit

CALCE PTH Barrel Thermal Fatigue Barrel F

Variation, Value

0.9, 915.5
0.92, 930,4
0.94, 945,9
0.96, 962.2
0.98, 979.2
1, 9951
1.02, 1014
1.04, 1032
1.06, 1052
1.08, 1071
1.1, 109z

Multiple Variable Attributes {va)

FTH Hole Diameter {dpthi=4.064000e-001 mm Flating Thickness
itplating)=4.472000e-002 mm

Mlax Walue va*(1+10M 00)

Min Walue wa*(1+-10M100)

File Graphs

w10°

Sensitivity Plot

1400 1

1.08[

1.06

1.04

1.02[

C
T

1.00[
F

n.agr

0.96 [

0.94
0.92 [

0.95 1.00 1.05 1.10
FTH_HOLE_DIAMETERPLATIMNG _THICK

Graphs Show Input Dismiss

In the case of multiple attribute sensitivity, the attributes and their assigned
values are presented in the text report. The X-axis of the graph defines the
percent values over which the selected attributes were varied.
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Iso-Time To Faillure Results

; J Show Results

File _Ed Cycles To Failure
CALCE PTH Barrel Thermal Fatigue ] IsuTiIﬂE TO Faill.-lre Flﬂt

Multiple Variahles DeCl’easmg 1750 i
Maxirnun PTH temperature=1.000000 Time to Failure 1500 1

1250
IzoTime Results / 7]

IzsaTime = 750 1000 7

-1E-1, 3.66Z1E-4
-7.778E-Z, 5.0008E-3
-5.556E-2, 9.4583E-3
-3.333E-Z, 1.37489E-2
-1.111E-2, 1.7881E-2
1.111E-2, Z.1864E-2
3.333E-2, Z.3706E-2
5.558E-2, Z.9413E-2
T.PTBE-2, 3.2004E-2
1E-1, 3.6453E-2

I=oTime = 1000
-1E-1, 3.,0917E- | | |

. Graphs || Show -010 -008 -006 -004 -002 000 002 004 006 003 040
PTH_T_MAX

Iso-time to failure assessment provides you with plots that can be used to examine
the effect of changes in environment loading conditions versus design parameters.
From the example above, a reduction in plating thickness by 0.01mm can reduce the
life by 44%.
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calceFAST Implementation

= CalceFAST-FmAnal =
— a
File | Edit | Execute Library Help |
=3 Import Extracted Temperature Cycle Data rojects\software\bgatfupdate\staking.inp
E Multiple Stress Condition PEGA (Revised)
Parameter Distributions |
""" Analysis Parameters |z || FANalySIq =’ Select Rainflow File " EEEEEEE— S|
""" Sensitivity Parameters|: -
fam ) i . T
moor, ||| IsoTime Parameters |3 Anall| ook In: |3 rainflow MRE]
@-@ """ Package Parameters - Tzt Bl Book2 - Copy.csv
—| BGA Substrate jara’ne v B Book2.csv
=q 0 BGA Overmold Param) csv 5 clecprofile.csv
""" Die Parameters = sV =] processed_condition2.csv
R?;ﬂ ..... Die Material Parametd E pwaimport.csv
e Attach Pmpertl.es a w
0 )| | Solder Properties :
----- Underfill Material Pard | | File Name: |prDCESSEd_CDndi‘[iDnZCS\-’ |
""" Board Parameters Files of Type: |CALCE Rainflow File '|
""" Stress Condition -
P | I”IFLL - | p.l ! | Select Rainflow F"E.‘l | Cancel |

The calceFAST implementation assumes the user has already

processed a time history file and “Import Extracted Temperature
Cycle Data” option allows the user to select a processed output file.

CaAlCE Center of Advanced Life Cycle Engineering
http://www.calce.umd.edu

38

University of Maryland
Copyright © 2024 CALCE



Segmented Temperature Cycles

= e
" CalceFAST-FmAnalyze

File

Edit Execute Library Help

_ =
Import Extracted Temperature f
® STRESS CONDITION. ..

Multiple Stress Condition

Parameter Distributions

et

3 =)0

HOaDEL

In order to view the segmented temperature cycles, you will need to

""" Analysis Parameters |
--Sensitivity Parameters|Z;
--IsoTime Parameters

1 2 processed_condition2_2

0 processed_condition2_0
1 processed_condition2_1

Add

Delete

3 processed_condition2_3
4 processed_conditionZ_4|

= Edit

Cancel

Instance :

D

Name : |processed_condition2_[}

Maximum package temperature : |125

Minimum package temperature : _

Maximum board temperature : |125

Minimum board temperature : _

Average package temperature : |?5‘0

Dwell time at max. temperature : _
: |Cycles/Day ~

Period Definition

Period Length: |4.28

degC
degC
degC
degC
degC

min

select the Multiple Stress Condition Options.
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Segmented Temperature Cycles

= Features
Analysis Parameters
--Sensitivity Parameters

""" [soTime Parameters
Package Parameters

A Substrate Parameters

--BGA Overmold Parameters
-~ Die Parameters
: laterial Parameters

----- Attach Properties

Analysis Parameters

Analysis Mode : [Multiple ~
Singl
Distribution Type ; mg_e_ )
Sensitivity
Multiple
IsoTime

In order to conduct an assessment with the segmented temperature
data, you will need to assign the Analysis Mode to Multiple under
the Analysis Parameters Feature Panel.

CaAlCE Center of Advanced Life Cycle Engineering

http://www.calce.umd.edu

40

University of Maryland
Copyright © 2024 CALCE



calceFAST Fatigue Model Output Example

" File Edit

First Order Thermal Fatigue Model For PBGA (Revised)

CTE Mismatch Information
Package CTE:
Board CTE:

1.214e-00517°C
1.76E-51FC

Instance Total Cycles to Failure Duration Damage
1 1.16E4 4.28 Cycles/Day 8.65E-2
2 1.46E4 25.67 Cycles/Day 412E-1
3 1.22E4 21.39 Cycles/Day 4.13E-1
4 1.06E5 25 67 Cycles/Day 5YE-2
5 1.26E5 17.12 Cycles/Day 32E-2
Days To Failure:  234.41
Package Information
Package Interconnect.  solder_ball
Package Factor: 1.0
JointHeight:  0.500000 mm

[»

[4]

After saving and executing the analysis, the results are presented
with damage ratios for each segment.

| Show Input | | Dismiss|

CaAlCE Center of Advanced Life Cycle Engineering

http://www.calce.umd.edu

41

University of Maryland
Copyright © 2024 CALCE



Whisker Risk Assessment Software

Bl calceWhiskerRiskCalculator pgfp128.wkr

Fil= Edit Risk Help

[ f s Bl view/Edit pafp128
v || R

Failure Site ‘n,ICustcum Growth Daka

ﬁ B REZULT
ite Eumber of onductor
] airs pacing (54
m
pafplza 124.0 0,25
Lsop3s 0.0 0.25
[ add [F wiew/Edit

A software package that implements the fixed risk assessment algorithm has
been developed. Software allows you to define conductor pairs and select
finish type to look up whisker growth or directly define whisker growth

parameters.

Site ID ¢

Murnber of Conductor Pairs
Spacing {Gap) ;

Conduckar Area ;

Finish

Coating Containment:

A[=/e3

124
o T

4 ™2

brightSn)Brass =

- '-'_FF-
o T
(%)

I (04 || Cancel |
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Conducting A Risk Assessment

£ calceWhiskerRiskCalculator twoparts.wkr E_|[E|E|
Edit | Risk Help

Whisker Data

&3

Bl Define Application Period

Life Targek: ¢ [120 months

W

Risk Level; 1 [100 ppm

The software allows you to define the target life time of the system, desired
risk level in parts per million, and the percentage of whisker containment
afford by the application of a conformal coat. The target life is used in
combination with the database of whisker growth tables to determine the
whisker growth characteristics. The risk level is used to define the sample

Zancel

size (i.e. the number of Monte Carlo iteration).
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Risk Assessment Results

BBl Whisker Risk Results

File  Edit

&8

Whisker Risk Assessment Results

Evaluated Life Target : 120 Months (10 Years)
Evaluated Risk Level : 100 ppm

Humber of Spacin Longest PF
Site conductor |22 | Einish Containment |[Whisker
. {mm) (')
Pairs {mm}
pofpl2a | 124 28 hrightsSn/Brass |0 0.3366 0.0a
tsopa? || 30 28 hirightSn/Brass |0 03274 0.03

Systermn Reliability : 0.897411
Systerm Unreliahility : 0102589
Systerm PF : 10.2588745

Dismiss

The software outputs the
probability of whisker
failure for each conductor
pair considered. The
probability of failure for
each conductor pair is then
rolled up to provide the total
whisker reliability of the
system.
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Applications of CALCE Software

Comanche
- Commonality w/ AF F-22
e Commercial ICs Inserted
« $50M O&S savings

JSTARS Ground Station
« PoF Analysis on circuit cards
« Recommended commercial
processor circuit card
« $12M Savings g

AAAV
Virtual Qualification
of circuit cards

83% reduction in design -
issues
>10% reduction in time to
markert

AAAV HIGH WATER SPEED MODE
- " Tiber o b o

\> 7.
G M m.,.,, &5 5 | o

Seagate
*Virtual Qualification

Emerson
Virtual Qualification of CCA
«Failure assessment of a individual component.

VISTA Controls
Conducted virtual
qualification of militaryf :
CCA ’

Mars Path Finder -
Verified robustness of flight e
CCA e,

Bradley Fire Support Vehicle
» Identified potential problems
* Increased Reliability
Honeywell
Virtual qualification of engine
controller

‘ Life Cycle PoF Analysis Provides Considerable ROI I
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