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CalceEP 1s a modeling and analysis environment for package and
devices in the calceSARA software.
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The calceEP Toolbox uses the current calcePWA file system. The software can be
used to create and edit parts under an existing calcePWA design and works in a
modal fashion: design and assessment tools apply to the active part.
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Added Failure Mechanism Model

r

## CALCE Failure Model Viewer - 1st Order Thermal Fatigue (LCCC/LCC)

File Edit View Help
a®@Q

_"I‘_CIIILI[E MeCnarismes
-+ Electromigration

+Time Dependent Dielectric Breakdown (T.D.D.B.)

+5.D.D.V.
+-Metallization Corrosion
1] Die Attach Fatigue
+Wire Fatigue

41 Wire bond fatigue
+Excessive Intermetallics
1] Die Fracture

-} Fatigue

st Order Thermal Fatigue (J-lead GEN1)

(

(

st Order Thermal Fatigue (SMH)

st Order Thermal Fatigue (SOT)
(

st Order Thermal Fatigue (Gullwing GEN1)

s

m

This model is suitable for leadless chip carriers. The

user may need to modify the calibration constant

to obtain more accurate results. Calculates median cycles
to failure in solder joint modeled as a simple pillar subjected
only to in-plane deformation using calculated average shear
strain.

Key Assumpfions:
Failure obeys a power law relation.

Fatigue exponent was evaluated by Engelmaier for near eutectic
solders by looking at Wild's early solder data. [12]

st Order Thermal Fatigue (PBGA GEN2) -
4 il ’ Dg is the total average strain range and not the average plastic
p— strain range.

+-Attributes
Dg as calculated in the Engelmaier Stress Analysis Model
(not valid for more sophisticated stress or strain analysis results).
Description | References
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Surface Mount Solder
Interconnect Failure
Models have been added
to the calceEP failure
mechanism list. This
change allows users to
access temperature
cycling induced surface
mount solder
interconnection failures in

calceEP.
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EP Part Editor
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File Edit Hel
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meydiel _device
reedie? édevice
mysubtrakel Idevice
wl :wjre
W ;wire
Add

0

Metal Construction Parameters ‘llLid Zonskruckion Parameters "l

Identification \\

Identifier :

Part Descripkion
Device Type @
Package Type :
Package Mame :

User Mates

Part Library :

General Information \'l ‘Wire Lead Parameters

I |

\L Attach Defaults \'l

| (4 || Figure || Cancel

The EP Part Editor is used to define the package geometry and materials
as well as to define devices (instances of parts) and wire bond
interconnects within the part. The overall part geometry and features are
defined by the package template chosen for the part.
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= Supported Package Templates

DESIGNER

calceEP supports five common package formats:

ID Description Side View Interconnect

PLCC | Plastic Leaded J-Lead
Chip Carrier

PQFP Plastic Quad Flat Gullwing
Package

PBGA | Plastic Ball Grid Solder ball
Array

Metal Metal Pin

LCCC | Leadless Ceramic NA
Chip Carrier
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Modeling Part Devices

PART
DESIGNER )
% Edit [~
EZ EP Part Editor - metal [ reica: |ca
Fil=  Edit Help Device : |0402Cap
B H Attach : :ﬂoor v:
— ¥ center location :  |3.00 mm
Eem TFDE Y center location :  |-2.00 mm
Flacement Orientation : -
Attach Type : [BMT. i v
rydiel device Attach Material : Select
vy dies device
m*;.-'sul:utratel device Solder Material : | solder.SnPb_new
Wl wire Underfill Material :
WE wire
Standoff height : 0.1 mm
| | SMT Joint Height :  |0.05 mm
|
SMT Bond Area : (0.5 mm~"™2
| Add || ViewEdt || copy || Delete |

A device 1s an instance of one part located within another part. A device
definition includes a unique identifier, a reference to a predefined part, a
location relative to the containing part, and attachment properties.
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PART
DESIGNER

EP Part Part Editor

Ed EP Part Part Editor - metal

File  Edit Library Help
- —

=M= & B D7 & e v
dentifier Eart Device Max I Fart Fart Fart

escription Type Library Lenath hiidth

i i

cap capacitor 2.0 3.0 1.5
diel semiconductor 120.0 3.0 3.0
subtrate substrate 10.0 10.0

o [ [ ]

| Select || add || wiewedt || copy || Delete || Ext |

The EP Part Part Editor 1s used to manage part models that are
referenced by devices within a calceEP part. A part model provides the
physical description of those devices that reference that part. Use the

EP Part Part Editor to create parts, view/edit part parameters,
add/modify/edit part features, and import/export parts to the CALCE Parts

Library.
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o i Part Features

Additional data items, called part features, define further information for
certain classes of parts.

&3 Die Feature Manager @ Ed Layer Refinement - subtrate

Fil=  Edit Help File Edit Help

V| B % @ Al - = B % ﬁ Thickness: 1,490 mm

Lawyer Count: 3

gatel osition: Laver Id: Thickness: Percent Metalliza|Dielectric Materia Metalization Mate
gates
Wrnetall o
1.0 Laver_1 0.03 zZ0.0 pwb, epoxyF pwb.Cu
2.0 Diglectric_1 0.7 0.0 pwb, eposxyF prab.Cu
3.0 Laver_2 0.03 zZ0.0 pwb, epoxyF pwb.Cu

4.0 Dielectric_2 0.7 0.0 b . epoxyF b, Cu
- m S.0 Laver_3 0.03 z20.0 pwb, epoxyF pwb.Cu
v | @

Die features include Substrate feature allows you to define
metal oxide, gate and die a multiple-layer material composite.
metallization.

UNIVERSITY OF
calce Center for Advanced Life Cycle Engineering

https://calce.umd.edu/ Copyright © 2020 CALCE



-~

PART
DESIGNER

Wire Bonds

== Edit

S

WireID: |wi
Wire Material :  |wire.au Select
Wire diameter : | 0.05 mm
Attach A:  |IC1 -
Attach Type at A: | Ball -
File  Edit Attach AIMC :  |intermetallic. Aual Select I
AttachB: | substrate -
Attach Type atB: |Ball -
Attach B IMC : Select
Length of Wire: | 2.00 T
Span Between Attach Points ; 1.00 i
[ OK ] | Cancel |
R e TF
| add || viewgdt || copy || Delte || Eat |
calce Center for Advanced Life Cycle Engineering 9
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In addition to devices, the
EP Part Editor allows
you to defined multiple
wirebonds within a part.
The wirebond definition
includes wire material,
wire diameter, wire length,
and interconnection span.

Wire and wire bond failure
mechanism models are
included to evaluate life
expectancy under
temperature cycling
loading conditions.
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Enhanced Import/Export

“# CalceEP Part Editor - MCM

EE

C
C
C
s

‘

File| Edit Help

Import Devices from CSV
Export Devices to C5V
Import Wires from C5V
Export Wires to C5V

Save

Exit

Add View/Edit

:

Ctrl+5

| Copy

Delete Exi

E
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To facilitate data entry
into the calceEP tool,
facilities to import and
export comma
separated variables
(.csv) files were added
to the part modeling
module.

The import export
included devices as
well as wires.
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==  calceEP — Life Cycle Profile

The life assessment process requires that anticipated loading to which the part 1s
subjected be modeled. This task 1s achieved with the Life Cycle Profile

Manager.

View/Edit stress_1

Identification * Properties |
'_ | Life Cycle Profile Manager - life.prof =] _ Temp. Source @ | Operating_Data «
File Edit Library Help
= Temp. Results
ISR R
B Operating Data |o|:|1 |
Segment Segment Stress
Murmber Mame Type Use, Temp. § degC
Use, Bias. alt
1.0 stress_1 Temperature_Cyeling = =
0 stress_2 TermpHUmEBias Use, Relative Humidity, : (%)
UUse, Pressure, & {atm})
Has Fixed Duration ;. |Mo
§ Fixed Hours ;
Add Exit
Hours Per Day : | 12
| (a4 | | Cancel |

* Temperature Cycling
Sustained Temperature/Humidity/Bias
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LIFE PROFILE

Assigning Operating Data

Fed CALCE EP Operational Part Data Manager Q@E|
File  Edit  Displaw  Help

= | [E | & &
- Ref Dperating
<1 Life Cycle Pro Temp Ref I :
N L degic & !
File Edit Libra
& . Operating Temperature ; |83 | deqC
Wpart_0 F0.0
part_O-mydie 1 /8.0 Cperating Yoltage |1 | Y
dipart_0-mydiel-mypdiel 3.0
part_D-mydfel-gatel 8.0 Operating Current |1 | &
part_0-mydiel-gatez 73.0
part_0-mydiel-mekall 73.0
;_ g Slres part_O-mydiez 75.0
slres part_0-mydieZ-mypdiel 30.0
part_0-nrydie2-gatel 75.0 I ok | | ] |
part_0-mydiez-gatez 75.0
part_0-mydiez-metall 75.0 .0 10,0010
part_0-mysubtratel 70.0 1.0 1.0
park_0-wl
park_0-wz
0|

The calceEP software allows you to define operational data for the devices
modeled within the part through the CALCE EP Operational Part Data
Manager, which 1s accessed from the Life Cycle Profile Manager. With this
tool, you have the ability to assign temperature, voltage, and current data. You
can create multiple operating definitions and reference them when defining a
loading segment.
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Life Cycle Profile Screening Display

= CalceEP Life Cycle Profile Manager - life

)

| £ Screening Results

File Edit

Model: Die Metallization Electromigration

part 0-IC1-ml

Model: Dielectric Breakdown
part 0-IC1-g1

Model: Stress Driven Diffusive Voiding (OE1)

part 0-IC1-ml

File Edit Library Help
al@iads
Segment Segment Stress
Number Hame T _
LCPDE Info —
! Life Cycle Profile Evaluation Results
'1.I:I stress 1 k
2.0 stress_2 File: life.prof
3.0 stress_3
Active Failure Models: 10
Failure Sites Evaluated: 10
Failure Models Screened: 11
Add View | | Dismiss |

Model: Die Met Corrosion (Hermatic Package)
part 0-IC1-ml

Model: Attach Fatigue

part_(-substrate
part 0-IC1

Disrniss

As part of the software update, the ability to examine the active
failure models and failure sites for a particular life cycle profile has
been added through the addition of the “View” button on the LCPDB

Info dialog.
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o Failure Models

ANALYSIS

Failure models are based on those available in open literature,
as well as those internally developed at CALCE. Supported failure
mechanisms include:

* Electromigration

« Stress-Driven Diffusive Voiding (SDDV)

« Time-Dependent Dielectric Breakdown (TDDB)

e Metallization Corrosion

e Electrolytic Breakdown

e Dielectric Breakdown

* Die Attach Thermal Fatigue

« Wire Bond Thermal Fatigue

« SMT Solder Interconnect Temperature Cycling Fatigue
« Excessive IMC

c f ife Cvcle Enai . UNIVERSITY OF
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LIFE
ANALYSIS

Failure Assessment Manager

Life Assessment Manager - combined

File Edit Yiew Run  Help

H ﬁ E @ | a:_::l @ ud’ﬁ %r

Active Profile: combined

Mumber of Models o Examine: 9

Current Mode: Life

Life Requirement Criteria: 5 Years

Results

Shia. Site HEwval Prine Failure Model Damage Criteria |

Ranked Fail List

1.0 patt_O-rowdiel-metall-tra. .. 3.0 Hermetic_Mat_Corrosion 13.26 days (DR:137.67) a n e a I u re IS
2.0 part_O-mywdiez-metall-tra. .. 3.0 Hermetic_Met_Corrosion 13.26 days (DR:137.67)
3.0 part_0O-mydie1-gatel-trac. .. 2.0 Hermetic_Met_Corrosion 13.26 days (DR:137.67) [
4.0 part_O-mydie2-gatel-trac, ., 2.0 Hermetic_Met_Corrosion 13,26 days (DR:137.67) _
5.0 part_0-wZ-wire-open 1.0 ‘Wire_Fatigue = 30 years (DR:0.05) Wi
6.0 patt_O-ravdie 1-dieattach-. .. 1.0 Die_attach_Fatigua = 30 years (DR0.01) Vigw
7.0 part_O-mydiez-dieattach-. .. 1.0 Die_attach_Fatigue = 30 wears (DR.:0.00) igm
a.0 part_0-w1-wire-open 1.0 ‘Wire_Fatigue = 30 years (DR:0,00) Vigw
2.0 part_0-mydieZ-gatel-gat. .. 2.0 TDDE_loverE_Model = 30 years (DR:0.00) Vi
10.0 part_0-mydieZ-gateZ-gat. .. 2.0 TODE_ioverE_Model = 30 years (DR:0.00) Wi
11.0 patt_O-rwdiel-gatel-gat. .. 2.0 TDDE_loverE_Maodel = 30 years (DR.:0.00) Vigw
12.0 patt_O-mwdiel-gatez-gat. .. 2.0 TDDE_1overE_Model = 30 wears (DR.:0.00) igm
13.0 part_0-wl-a-open 2.0 ‘Wire_Shear_Fatigue = 30 years (DR:0,00) Vigw
14.0 part_0-wZ-a-open 2.0 Wire_Shear_Fatigue = 30 years (DR:0.00) Vi
15.0 part_0-wZ2-b-open 2.0 ‘Wire_Shear_Fatigue = 30 years (DR:0.00) Yigw

The failure assessment 1s used to select from defined loading scenarios and
evaluate the life expectancy of the part based on a set of automatically chosen
applicable failure models. The evaluation results are presented in a table with
life expectancy sorted in ascending order. You may inspect the results of the
individual evaluations by selecting items from within the results table.
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Inspection of Failure Sites and Mechanism

## Results for part_0-IC1-m1:Electromigration - R
r? CalceEP Life Assessment Manager - lifel50 EL . .
Ele Edit View Run Help File Edit
afBaneli &
-~
(Active Profile: 1lifelS0 u - il
ez o st o Ermines 39 Electromigration - Blacks Model
Life Requirement Criteria: 5 Years
Results
ISNo . Site-Mode $Eval Prime Failure ModeDamage Criteria F'EITT |d pEII't_D-|C1-m1
Caondition Mame: stress_2
1 part_0IC1-m1-trace-open 3 Electromigration 326,32 days (DR:5.60) Cnnditnn Number: 2
2 part_0-IC1-die-fracture 1 Die_Cracking > 30 years (DR:0.01)
3 part_0-w 1-wire-open 1 Wire_Fatigue > 30 years (DR.G . i
T sobt— i st Fote 5> Time to Failure: 7.02E3 Hours
3 part_0-IC 1-attach-open 1 Attach_Fatigue D years (DR:0.00]
T o : e Shes gl P e oRO =
Die Attributes
Metallization width on die 500e-9 (meter) l
=* Failure Results for part_0-IC1-... - .
Metallization thickness on
di 500e-9 (meter)
Electromigration - 2 & |
SDOVOEL - 2 Current density of 400000000.000000 (ampere
Hermetic Met Corrosion - 2| | Model Info metallization strip per metert2) |
Hermetic_Met_Corrosion - 3 S
- - FAST Activation energy of £.0000
- N i : e-001 (eV
SDDUOE.I 3. metallization material (eV) —
Electromigration - 3
Environment Attributes
Operating temperature of
e 12315
the device il
L
b
Graphs [ Show Input ] [ Dismiss ]

The failure model results can be inspected for each failure site and load segment.
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