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Development of Advanced
Collaborative Engineering Environments (CEEs)
Phase 1: CEE-based PWB Stackup Design Tool

Current engineering computing environments can be characterized as largely disjoint sets
of tools that exchange information via labor-intensive processes. While some progress
has been made, a good deal of engineering knowledge is not available in effective

electronic forms, and interoperability among engineering processes is less than optimum.

For example, today engineers still often manually add numerous notes and sketches to
CAD drawings. In spite of being in an electronic form, these notes and sketches are in a
relatively low-level representation that is not easily processed by downstream tools.
They are primarily intended for human consumption. These items typically require
manual intervention and re-creation downstream, resulting in increased labor efforts and
transcriptions errors.

Thus, there 1s a great need to capture the higher level concepts behind these items (e.g.,
PWB stackup design intent) in semantically rich knowledge containers. Associativity
with other types of information is also needed (e.g., other rich objects that exist in some
current CAD tools). This Phase 1 effort is aimed at a) developing a general methodology
and computing framework for capturing this ancillary information, and b) implementing a
prototype PWB stackup tool in this framework to demonstrate this approach.

Phase 1 helps JPL/NASA move along the roadmap defined in Phase 0 to achieve a next-
generation collaborative engineering environment. The target environment will leverage
advances in engineering information technology, including standards like STEP, to
achieve fine-grain, modular interoperability among design objects and related tools.
Techniques based on efforts including Georgia Tech CAD-CAE integration research will
be applied and enhanced, and new approaches will be developed as needed. The target
outcome is a virtual collaborative engineering environment which increases product life
cycle effectiveness by an order of magnitude or greater.

This presentation overviews work-in-progress for Phase 1.

© 2001 GTRC Georgia Tech e Engineering Information Systems Lab e eislab.gatech.edu



Problem:
Insufficient Information Capture

Existing Tools

Legend ) ?

®--* “dumb” information capture
(only human-sensible,
l.e., not computer-sensible)

Typical end-user tools
(for novices <> experts)

Product Model
(e.g., AP210 + AP2xx + ...)

Instance population tools
(for experts)

Ancillary
Information

Needed Tools

© 2001 GTRC Georgia Tech ¢ Engineering Information Systems Lab ¢ eislab.gatech.edu



Example PWA Ancillary Information

PWA = printed wiring assembly

Maximum Height Conformal Coating
Restrictions Restrictions
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\

XAX2TTEXL 485
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0

g =3
Ln: Das g
[ =] Eacﬂﬂ

LAYER 1

B

>»{wjo|o|jmfM|o ]I

G e A 2
'
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PWB = printed wiring board ;:i lg;gs Est

XXX 62006L FS.
XXX 1957-28 FS

XXX~30163-6 —/ l

A=Az

Component Assembly
Instructions

XXX-30163-6



Example PWB Ancillary Information

Stackup Specs
-2 ——a o~ LAYER 1 Outline Detail
-3 sPacEs[ 2 > ———\x —
' T 4 —aZ <
; < N LAYER 2
e NG _ A" LAYER 3
065 3 —
. - < <
OVER m\sg5 EAATERIAL ° N ,
< '< N _____ LAYER 4
-4 RS & LAYER 5
< <
- __t(‘, ?\h— LAYER 6 SCALE: NONE
DEVELOPMENT VIEW
ASSY -6 Stackup Notes
NOTES: | B

MANUFACTURE USING CONDUCTOR PATTERN PER TABLE II OF DRAWING. SEE TABLES I AND TIT FOR HOLE CODE TABLE,
MINIMUM DIELECTRIC SPACING IS .0035% INCH, A MINIMUM OF TWO SHEETS OF GLASS CLOTH 1S RECUIRED,

COPPER FOIL PER XXX 325, FORM Cl1, ANY GRADE. EXTERNAL VENDORS SHALL USE COPPER FOIL PER XXX-10063,
LYPE € ANY GRADE, WEIGHT 1 0Z. COPPER [N THE FORM OF COPPER FOIL CLAD EPQXY/GLASS LAMINATED SHEETS OR
COPPER FOIL [$ ACCEPTABLE. :

VAVAVRS

EPOXY/GLASS LAMINATED SHEETS PER XXX325, TYPE I, ANY CLASS, OR GLASS FABRIC REINFORCED B-STAGE EPOXY
RESEN PER  XXX-118, ANY TYPE, ANY FORM. EXTERNAL VENDORS SHALL USE EPOXY/GLASS LAMINATED SHEETS PER
XXX~10063, TYPE GF, OR GLASS FABRIC REINFORCED B-STAGE EPOXY RESIN PER XXX~10063. TYPE PGF,

i i i i b islab.gatech.edu 6
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Current Situation (typical)

+ CAX tools of diverse disciplines

+ Each focuses on information subset
(some overlap)

+ Much ancillary information
— Some captured as “dumb” notes & sketches in CAD
» Human-oriented, not computer-sensible
— Much not captured at all
— Lack of fine-grain explicit associativity
+ Problems
— Manually intensive transformations
— Error-prone transcription / re-creation downstream
— Little knowledge capture



Target Situation (longer term)

Collaborative Engineering Environment with Advanced Interoperability

Potential Standards-based Architecture (after G. Smith, Boeing)

PDM System Mechanical Electrical Analysis Catalog & Mfg.
Schema Engineering Schema Schema Schema View Capabilities
Schema (AP203) (AP210) (AP209) Schemas (AP220)

(Express) y Y Y Y Y Y Y

Repository Schema Generator

(UML)
y Application Access/Translation Layer <—>| Documentation Facility (Text, XML,
SGML, etc.
Data Views and PDM )
<€<—>| Requirements Design & Analysis (STEP)
<——>| Data Viewer (STEP, XML)
. .
<<—>| Cross Domain Analysis (STEP)
€ >| Domain Specific Analysis (STEP)
<—>» CAx Applications and PDMs (STEP)
< > Model Development and Interactive Environment

< > Data Dictionary Facility

© 2001 GTRC Georgia Tech ¢ Engineering Information Systems Lab ¢ eislab.gatech.edu
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— Ancillary Information Problem
— Phase 1 Scope (work-in-progress) {am
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— Expected Benefits

Other Potential AP210 Applications:
Chip Package Design & Analysis - Shinko Phase 1, 2

— Phase 1 Accomplishments

References & Nomenclature



JPL

4

4

¢

4

Phase 1 Scope

Work-in-Progress

Initial step towards vision

Capture of representative ancillary information
— Focus: PWB stackup information

— Extend Georgia Tech stackup tool (from ProAM)

— STEP AP210 as information container structure

— Develop & demonstrate method

Initial steps (Phase 1): file-oriented

— Use Metaphase as PDM capability

— Manage files: ECAD file, MCAD file, Gerber file,
stackup tool file (AP210 subset), ...

Next steps (Phase 1+, 2):
Fine-grained interactive sharing (Accelis-type tools)

Georgia Tech e Engineering Information Systems Lab e eislab.gatech.edu
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STEP AP 210
PWA/B Design Information

Product Structure/ Part
Connectivity » Functionality
* Functional « Termination

* Packaged « Shape 2D, 3D

Physical
Component Placement
Bare Board Geometry
Layout items
Layers non-planar,
conductive & non-conductive
Material product

Single Level Decomposition
Material Product
Characteristics

Configuration Mgmt
* |dentification

 Authority
Geometry * Eﬁectlwty
» Geometrically Bounded + Control
2-D Shape * Requirement Traceability
» Wireframe with Topology :  Analytical Model
« Advanced BREP Solids quu_lrements » Document References
. : : * Design
Constructive Solid Geometry . Allocation Technology
» Constraints « Fabrication Design Rules

Interface * Product Design Rules

© 2001 GTRC Georgia Tech e Engineering Information Systems Lab e eislab.gatech.edu 1 1



ProAM Design-Analysis Integration =~ completed

. . 6/99
Electronic Packaging Examples: PWA/B
Design Tools Modular, Reusable Analysis Modules (CBAMSs)
| Template Libraries of Diverse Behavior & Fidelity
ECAD Tools

Mentor Graphics, J e \ XuiTools Analysis Tools
Accel* PWA-B  General Math
113 SR RO = |
e gt S

Mathematica
i -
SI;EE@:@JP Solder Joint 7D,

PDIF* Deformation* 2D,

Analyzable i
Product Model
PWB

XaiTools

Warpage
PWAB warpage
1D,

2D

FEA Ansys

PWB Stackup Tool
XazTaols PWA-B

Laminates DB

Materials DB PTH D, | 1 [

Deformation o,p ...
& Fatigue™*

1 AP210 DIS WD1.7 * = Item not yet available in toolkit (all others have working examples) ** = Item available via U-Engineer.com f
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Stackup Specs - PWA/B Designer

Overview of PWB Stackup Design

Fabrication engineer designs PWB stackup details

component
plane
065 signal
.055
over
T signal
material 9
plane
solder

© 2001 GTRC

Design Alternative 1

3 x 1080
Layer 1: 1 Oz. Cu Foll M150P2P11184
Epoxy Glass GF/ PGF 2x2116
Layer 2: 2 Oz. Cu Foil M150P1P21184

Epoxy Glass GF/ PGF / 3 x 1080

Layer 3: 1 Oz. Cu Foill .
Epoxy Glass GF/ PGF OR Design Alternative n
M150P1P21184

Layer 4: 1 Oz. Cu Foll
3 X106
Epoxy Glass GF/ PGF
M150P1P11184

Layer 5: 2 Oz. Cu Foill
3 X106

Epoxy Glass GF/ PGF

M150P2P 11184
Layer 6: 1 Oz. Cu Foill

Georgia Tech e Engineering Information Systems Lab e eislab.gatech.edu

Stackup Design - PWB Fabricator

1 Oz.

2 Oz.
1 Oz.

1 Oz.
2 Oz.

1 Oz.

1 Oz.
2 Oz.

1 0Oz.
1 Oz.

2 Oz.
1 0z.

Cu

Cu
Cu

Cu
Cu

Cu

Cu
Cu

Cu
Cu

Cu
Cu
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Before: Typical Manual Worksheet

(as much as 1 hour engr. time)

Multilayer ~ Shear / Print / Lay Up_ Instryctions
Part # ___ R Rev. .
Panel Size _ £ X 19 Na. Up é Ebx 4T _(¥7i6 _ we s S5 687-20
Thickness Measure:  Overall/NiRu @am. < Minimum Dislectric . 9235
Finished Thickness: Mininum , Q8¢ .. Nominal . @93 Maximum o _/EO "
Laminated Thickness: Minimum . 090 Nominal . 896 Maximum , _L0Z
|
Material Used: Tetra Polyimide i Copper Used: Double Trsat X
|
Tetra Il — Other i HYE >
1
Layer Noi Material 1
| 1 Stamp Work Orcer # On Ligntest Weignt Side:
O [ ez Ca (g i
1-1080 i
1-2 4
[ 1~1e%e PLANE i Clip 1 Corner{s) Of: . Mat! 1.
oze i :
o) 55 1 Hab? 1,
i—)vi: - i
I
& yoiese siy ge012 Ja-2995 mat’ 1,
N oz Py?( 1 g.029 %;_‘ "
o 1 !
9] 7655 PLANE E #2010 A
114"
& rede ot | #0279 -
I oz Co 012 uired)
7. — i
oX - %__ J2 -SE S #+098 OR With Gz, Side Down
e
With 0z. Sice Up
9. S—
10 er On
t
i1, cote -~ OS5 I Expose Ource Side
oo b | o
12, - Eor 3 panels of Layers 243 On . 028 h
' |
13. _&QQ—V_': LORIS l@i Panels Of Layers 4 +S On . ¢Z% 7!
1
o7
14, @ { Print Parels Of Layers an .
i
15. i Print Panels Of Laye. s On .
: 1
16. I Print ___ Panels Of Layers On .
I
SA__«AL INSTRUCTIONS: I Print _ Panels Of Layers on .
|
I Print . Panels Of Layers On .
!
[ Priny __ Panels Of Layer Oon .
i
| Expose Qurice Sige -

© 2001 GTRC

\ Cored

Post-Lamination
Thickness Calculation

After: Tool-Aided Design (ProAM)

post _lamination _thickness = z nested _thickess,
1

p
nested _thickness ,,,,.., . = Z k,ty —resin_to_ fill
1

Zn:tiaiyi
1

n

M

|tiaiyi|

LS}

% =6 (/2)

1
(/2) +G

E;, PWE Lapup Design : Detailed Layup

Mesting factor

I 1.0
<=Previous

Solve

Filee
| Layu
Layerld min Thickness Mormal Thickness Max Thickness Layer Function cap
et oo 5] [oozs " [pooss T [Gompmie
Coret O - [CEY [EEER FEER | | ene
L2 [200 - [CHENY [CITEN EEER | | e
Frepragl 'I _ _ _ IPC-4
s oo 5] [FEREETTY [BEEET SR || oiee
Core? L7101 S0CHC2AC 'I [oms — [ooies oo Allied
Laerd [0 7| [ooes " [ooozs T [swnal
Prepreaz  [1080°3 | [ooss " [ooors T [Prepreg
s o 5 [omzs " [oooz T [Pane
cos  [mmsoczozac 3] [pois [poms T o
e [0 I [ooozs 660 [Fene
Prepread  [1080°3 | [ooss " [ooors T [Prepreg
B S FY T [omzs " [oooz T [swnal
Lmsicace | [oois [ooms T foee
m\h [ooss " [poozs T[S
Frepregd USD*S—LI _ _ _
Layera [ooms ™ [oooz T [Sana
Cows  [Lz1075002008 [oois [pos T o
Layerio [omozs " [oooz [soder

"B YWarpan

exit |

Georgia Tech ¢ Engineering Information Systems Lab ¢ eislab.gatech.edu
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PWB Stackup Design Tool

Analyzable
Product Model

3 x 1080

oo
etra G Calculate Results. == Dielectric [ Conductor IESSESSSSSSES

1 0Oz.

1D Thermal Bending Model

Iterative Design & Analysis
PWB Stackup Design & Warpage Analysis

Quick Formula-based Check

(TIGER
extensions)

7D Worpage Al e
e
S P T Senang o (1 Fornuee P
Conutve matt: P Tot Diagons!
QenercEectodrostod ol Coot Themal Bonding ety [RSEETTBTORTETARTET
Dl mattl ass Temperaure Change T
bt [0 B (G [En Comp Sl Oietscicmateriat: Warpage Rati [CoseaoToaeess j—
Prepregt  [10603 | Tagar Tagar Frapiog Polplac-Tetra H Margin of Safety 034103174667543
T o o e Re-design E—————
oot [ S][00AE w1 w5z ED Prooret
boers [0 o o o S o
beoess [z Ty oot oot e [ 47
bort [0 lew ot ot S P— P Plane Sainodsl @D FER PiA18 Parametrs
N T T w1 otz ED Coo ot Terperatre = PiADescriton [Wermaweaueras
boers [0 leeem oo oo Fare o inal Tomperatre ] PPt .
Frepresd  [10803 00084 00084 00084 Frepreq. 86D - Temperature Change 1750 PWE Description [Waming Mosue PWE
koers 100 [En [En oo B reeres? FEAMINElam v 2 Pe Parte [ Way
6 soger —— FEA Aspect Rali T PWB Pre-Lamintion Triciness [006720089039039939 1 171
Moxstess X S P PostLaminaton Thickness [0 a —
M stess 0 w6 P Totawich 60 I b
Locawarsage =) P Toal Lenan 01 5
Nostngtacr Tt PostLaminaton o Tk [08978 Warain orsstey i
sove Fun P warage Anils
|E— I Greste FEA UL View FEA Input
= Galotts EARosuls

PWB Warpage Modules

2D Plane Strain Model

Fie Hep

PWB Thermal Bending Mode!
PWB Total Diagonal
ot Thermal Bending (ab)

(1D Formulze)

3556761001703 7ET

PAB Layup

Detailed FEA Check

10z. Cu

2x2116 e o SR ‘
sl Temperature 7 PwADescrpton Warting Mol P T o
FnarTamperure % FEweD - il il
Tetra G F = FEAinElam Div . T —

2 O C MaxSiress 3¢ PWB Post Lamination Thicknass [ 008376
Z. UU e e — = ‘
3 x 1080 e e
1 Oz. Cu

© 2001 GTRC

FEAASpect Rallo

Galeulats FEAResuls

PWB Pre-Laminaton Thickness

106734949999989393

uy deformation (For warpage check)

Georgia Tech ¢ Engineering Information Systems Lab ¢ eislab.gatech.edu
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PWB Warpage Modules

a.k.a. CBAMs: COB-based analysis templates

PWB Thermal Bending Model

pwa associated_pwb

(1D formula-based)

total diagonal
>

ABB

\deformation model

Thermal
Bending Beam

O——0

>
total thickness

al1
O L 5_erar

coeffici/@\nt of thermal bending

al2 O ; t

al3 O ab 6 C

© 2001 GTRC

associated condition temperature oY
O »O r
reference temperature al4 O
~ T
>/
wrapage mos model dla @)
9 . T, reference
Margin
of Safety
allowableC
warpage alé
actual(J
MSC deformation model
pwa associira\tedfpwb totalftﬂickness Parameterized
O »> - - FEA Model
layup layers[0] nomlnaklfthlckness
N ) > _ - cu1T
repregs[0 nominal_thickness
:ags[;] P g al . ?l Thick O PREPREGT
ayers nominal_thickness
yers[2] topfcogperﬁlayer ingl th cuaT X o
related core nominal_thickness
»O— 14 POLYT
primary_structure_material linear_elastic_model E EXCU uyd
0 »O > »Yo—0D
PWB Plane Strain Model o ] e
SXJ
O ALPXCU
(2D formula'based) |aYS§[3] prepregs[0] N nominal_thickness% LTETRAIT
i ial i i E
prlmaryfstructure}r;n\atenal Ilnearfelastl#c model EXEPGL
cte E
ALPXEGL
condition reference temperature
O I »O- TO
tem erature\(—'_L|
u, mos model P! £ . DELTAT
Margin of Safety
(> case)
allowablG
actua
MSQ
orgia Tech e Engineering Information Systems Lab ¢ eislab.gatech.edu
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X-Analysis Integration Techniques

a. Multi-Representation Architecture (MRA)

@ Analyzable

Product Model @ Context-Based Analysis Model

APM

Printed Wiring Assembly (PWA)

(2 Analysis Building Block

CBAM ABB
APM (DABB
Sl
Joint Component

=N (1 Z=

PWB ] [ body, ]

Printed Wiring Board (PWB)

(@ Solution Method Model

AB. b;{l.S'M M

m body,
| Bolder Joint 4= | o body body. e

SMM

Design Tools

c. Analysis Module Creation Methodology

Analysis Module Catalogs

Analysis Procedures

Ubiquitization
(Module Creation)

—

Solution Tools

=
mn |
:
:

Physical Behavior Research,
Know-How, Design Handbooks, ...

Ubiquitous Analysis
(Module Usage)

Selected Module

Product
Model

Commercial
Design Tools

Solder Joint Deformation Model

MCAD <= = Idealization/
Defeaturization Solder Joint
EorD 4> |gy b «—> [ e

APM < CBAM < ABB < SMM

© 2001 GTRC

LZ Dl

Commercial

Analysis Tools

|

CAE

e

b. Explicit Design-Analysis Associativity

Design Model

Analysis Model

® APM PWA Component Occurrence @cBAM Solder Joint Plane Strain Model
r33 linear-elastic model
Ty: primary structural - o @ABB Plane Strain Bodies System
material r]- total height, h , o] 2 B
|
IR N
Solder Component h body,
Joint
( EPOXY )
L ¢ 4pv Pass oty | 2
CEHRY ) |l N Dlane straim body , {
1 K rd body, geometry,
N { material,(E,V,0.)

Informal Associativity Diagram

@ cBAM Q APM o, O, @ABB
My 0
solder joint
shear strain
range . . . e defprmation model
Fine-Grained As$ociativity :
approximate maximum a
inter-solder joint distance o\ g
1 o) L.
otalheight X\ :
component g o}
occurrence  component primary structural material - MiEara s et £7 P —m
wc O—1O o5 O model |
[(50) e oy
length 2 [ 03
oL
total thickness 12
s h,
pwb primary structural material — jincar.elastic model stress-strain
O model 2
rectangle [1.1] T
129 - 1 ’
) detailed shap N2, O geometry model 3
solder joint linear-elastic model [2.1] stress-strain
O model 3

bilinear-elastoplastic model /I ._1>_D
22] T

Ts Yy, extreme, 30)

Constrained Object-based Analysi's Module

Georgia Tech ¢ Engineering Information Systems Lab ¢ eislab.gatech.edu

Constraint Schematic View

Vxy, extreme, sj



JIPL. Collaborative Engineering Environment
Initial Steps - Phase 1

Design Tools

ECAD Tools

Mentor Graphics,
Cadence

Work-In-Progress

Qassd ™ ki’ 3250 ™ 308

ss“ﬂ;, “%T-Llﬁt‘i’-ﬁ

Native
files

= iy
S nrIE G i

Product Knowledge

PWB Stackup Tool Management System

XaiTools PWA-B AP210 file
; CC24

Metaphase

LKSoft
STEP s/w

»»»»»»» —

Laminates Library
Materials Library

Instance Browser/Editor
AP210 Viewer, ! JJ
STEP-Book AP210,
SDAI-Edit, .. LKSoft, ...

AP210 file
CCx1-xn

© 2001 GTRC Georgia Tech ¢ Engineering Information Systems Lab ¢ eislab.gatech.edu 18



JIPL. Collaborative Engineering Environment
Next Steps - Phase 1+,2

Design Tools

ECAD Tools Standards-Based
Mentor Graphics, Cadence Coarse/Fine-Grained €«<—>»
=% Interoperability

Other Tools
PWB Stackup Tool Engineering Product Knowledge
XaiTools PWA-B AP210 Middleware Management System
content
e~ >
LKSofi Accelis | €——> Metaphase
STEP s/w

J2EE-compliant
Web Application Server

,,,,,,, 7

Laminates Library
Materials Library

Instance Browser/Editor
AP210 Viewer, - JJ

STEP-Book AP210),
spaLEd . | LSO ...

Noftes:
Accelis & Metaphase are SDRC products.

© 2001 GTRC Georgia Tech ¢ Engineering Information Systems Lab ¢ eislab.gatech.edu 19



Phase 1 View

ECAD Tools

Mentor

Graphics Existing Tools
® ()

Legend

®--* “dumb” information capture
(only human-sensible,
l.e., not computer-sensible)

Typical end-user tools
(for novices <> experts)

Product Model

(AP210)
Instance population tools
(for experts)
Ancillary
Information
\
e 13 AP210 Viewer,
XaiTools LKSoft, ... || STEP-Book AP210
PWA-B ’ SDAI-Edit, ...
PWB Stackup Tool Instance Browser/Editor

Added Tools

© 2001 GTRC Georgia Tech ¢ Engineering Information Systems Lab ¢ eislab.gatech.edu 20



Collaboration

+ JPL/NASA

— Primary stakeholder, end users, tool experts
+ Georgia Tech

— Architecture/method, PWB stackup tool, XAl methods
o AP210 Implementers Forum

— Common interests & techniques

— Cooperative exchanges

+ JPL/NASA suppliers

— Software vendors

21



Expected Benefits: Phase 1

o STEP AP 210-based method
» Depth, extendibility
+ Capture of ancillary information
— Representative tool: PWB stackup design
» Graphics, automation
» Tangible end user benefits
» Technique illustration
— “Better, faster, cheaper”
» Increased product model completeness
» Reduced downstream errors
» Increased automation
» Increased knowledge retention

22



Outline

AP210-based Environment - JPL/NASA Phase 1
— Ancillary Information Problem
— Phase 1 Scope (work-in-progress)
— Collaboration
— Expected Benefits

Other Potential AP210 Applications: <

Chip Package Design & Analysis - Shinko Phase 1, 2
— Phase 1 Accomplishments

References & Nomenclature
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Other Potential AP210 Applications
Chip Package Design & Analysis

Quad Flat Packs (QFPs)

Reszin
Chip
Gold Wire /
RN

Leadframe

24



Flexible High Diversity Design-Analysis Integration

Electronic Packaging Examples: Chip Packages/Mounting
Shinko Electric Project: Phase 1 (completed 9/00)

Design Tools

==k
-

Prelim/APM Design Tool

XaiTools ChipPackage

J

PWB DB
Materials DB* —>»

Analyzable

XaiTools

EBGA, PBGA, QFP

Modular, Reusable
Template Libraries

/\

Analysis Modules (CBAMSs)
of Diverse Behavior & Fidelity

Thermal
Resistance

Analysis Tools

XaiTools

ChipPackage

Thermal
Stress

Basic

PKG

pooooooo
POOOOOOO

POOOOOOO ﬁ
O 0Q

Chip

o O0o0O0O

P OOgoooo :I D
©0o00O
0.0 00

Cu og
Groun_d_i od
1
i

. =
1
1

** = Demonstration module

Basic

Documentation |

3D** .

Automation

Georgia Tech ¢ Engineering Information Systems Lab ¢ eislab.gatech.edu

General Math

Mathematica

FEA
Ansys

m
e

Authoring
MS Excel
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APM Design Tool

Preliminary Design of Packages - PBGA Screens

7} XaiT ools ChipPackage APM Design Tool - Microsoft Internet Explorer

J File Edit ‘“iew Favortes Toolz  Help

Baii to Bafi Distance frmam) ;I
4 Il

BHomER

= MNumber of Thermal :
Eall Pitch [mm)]
WPeGAl % |Ba|l5 |
. 5 [41 [iz7
£
BEBGAN g e oais|Ball to Ball Ball to Ball
r 1 Distance x[mmm] Distance Y [mim]
FP &
Horrll % [3048 [3048
BHELPH 2 BaltoBal  [BalltoBall
E 3 XaiTools ChipPackage APM Design Tuu-irs Iemet E::pul N
J File Edit ‘“iew Favortes Toolz  Help
. Chip Thick -l
@
=] BallF oM
o BHomEl Mold Thick.
o
BPecAl - J
. Substrate Thick.
) ;
= FEBGA] t Bali Height
O Warrll
WHELPE
Component | [mim] y [mim] Z (Thickness)[mm] (Material [W/imk] [P ower [¥W]
| | | | | |
* |Chip 1143 [11.43 Jo.4 |silicon 180 7| ||2.0
. |Mold [30.0 [30.0 .2 [Mold1 067 =] ‘
@
— £ DieAttach f0.05 [Ag PasteC 3 7]
APM ( m} |Sub5trate 35 EE { I| BT-ResinA 0.2 7] }
analyzable product model | : :
E Air [mirzreoEse] |
0 4] | Ll_l
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COB =
constrained
object

COB-based Analysis Tools

Typical Highly Automated Results

Analysis Module Tool with Results Summaries

Oct 15 11:31:17 EDT 1939

File Option Uity  Help

EBGA Parameters

Request Mumber ROT129
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EBGA Thermal Resistance Model (30 FEA)
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Add Solution Set
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Using Internet/Intranet-based Analysis Solvers
Thick Client Architecture

Users Engineering Service Bureau
Client PCs Host Machines
' ' June’99-Present:
: : EIS Lab
Thick Client = CORBA Daemon " Requtar internal use
- '®) > Jona orbixdj U-[I)Engineer.com
- Yemo usage.
XaiTools % s
- > CIORBA Servers - Japan
O — .
T _‘ o XaiTools Ansys Nov.’00-Present:
Solver Server | Electronics Co.
- Began production usage
=] FEA Solvers (dept. Intranet)
CD |
> Ansys T Future:
% Math Solvers - Company Intranet
é“ I and/or
> Mathematica U-Engineer.com
.C-D.- N (commercial)
r r - Other solvers
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Pilot & Initial Production Usage Results

Product Model-Driven Analysis

+ Reduced FEA modeling time > 10:1 (days/hours — minutes)

+ Reduced simulation cycle > 75%

References
[1] Shinko 5/00 (in Koo, 2000)
[2] Shinko evaluation 10/12/00

With Traditional |With VITMB

Analysis Model Creation Activity Practice Methodology* Example
Create initial FEA model (QFP cases) 8-12 hours 10-20 minutes QFP208PIN
Create initial FEA model (EBGA cases) 6-8 hours 10-20 minutes EBGA352PIN
Create initial FEA model (PBGA cases) 8-10 hours 10-20 minutes PBGA256PIN
Create variant - small topology change 0.3-6 hours (10-20 minutes) - |Moderate dimension change

(e.g., EBGA 600 heat sink size variations)
Create variant - moderate topology change (6-8 hours)- (10-20 minutes) - | Add more features

(e.g., increase number of EBGA steps)
Create variant - large topology change (6-8 hours)+ (10-20 minutes)- |Add new types of features

or N/A (e.g., add steps to EBGA outer edges)

+ Enables greater analysis intensity — Better designs

© 2001 GTRC

VIMB = variable topology multi-body technique [Koo, 2000]
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Phase 1 Summary - Shinko Project

(Phase 2 is underway and evaluating usage of AP210)

Abstract Accepted for InterPACK'01
http.://www.asme.org/conf/ipack01/

An Object-Oriented Internet-based Framework for
Chip Package Thermal and Stress Simulation

'Russell S. Peak, “Ryuichi Matsuki, '‘Miyako W. Wilson, 'Donald Koo,
'Andrew J. Scholand, ?Yukari Hatcho, 'Sai Zeng

'Engineering Information Systems Lab *Package Design Center
Georgia Institute of Technology Shinko Electric Industries Co., Ltd.
Atlanta, Georgia USA Nagano, Japan
http://eislab.gatech.edu/ http://www.shinko.co.jp/

Abstract

Simulating the behavior of electronic chip packages like ball grid arrays (BGAs) is important to guide and
verify their designs. Thermal resistance, thermomechanical stress, and electromagnetics impose some of
the main challenges that package designers need to address. Yet because packages are composed of
numerous materials and complex shapes, with current methods an analyst may spend hours to days creating
simulations like finite element analysis (FEA) models.

This paper overviews work to reduce design cycle time by automating key aspects of FEA modeling and
results documentation. The main objective has been automating FEA-based thermal resistance model
creation for a variety of package styles: quad flat packs (QFPs), plastic BGAs (PBGAs), and enhanced
BGAs (EBGAs). Pilot production tools embody analysis integration techniques that leverage rich product
models and idealize them into FEA models. We have also demonstrated how the same rich product models
can drive basic stress models with different idealizations.

In this framework, Internet standards like CORBA enable worldwide access to simulation solvers (e.g.,
Ansys and Mathematica). Automation and ease-of-use enable access by chip package designers and others
who are not simulation specialists. Pilot industrial usage has shown that total simulation cycle time can be
decreased 75%, while modeling time itself can be reduced 10:1 or more (from hours to minutes).

Georgia Tech ¢ Engineering Information Systems Lab ¢ eislab.gatech.edu
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For Further Information ...

+ EIS Lab web site:
— Publications, project overviews, tools, etc.

— See: Publications — DAI/XAl — Suggested Starting Points
X-Analysis Integration (XAl) Technology

+ XaiTools” home page:

+ Pilot commercial ESB:
— Internet-based self-serve analysis
— Analysis module catalog for electronic packaging
— Highly automated front-ends to general FEA & math tools



Nomenclature

© 2001 GTRC

b4

r

)]

ABB
AMCOM
APM
CAD
CAE
CBAM
COB
COI
COS
CORBA
DAI
EIS
ESB
FEA
FTT
GUI
11(0)
MRA
ORB
OMG
PWA
PWB
SBD
SBE
SME
SMM
ProAM
PSI
STEP
VTMB
XAI
XCP
XFW
XPWAB

ABB-SMM transformation

idealization relation between design and analysis attributes
APM-ABB associativity linkage indicating usage of one or more I';
analysis building block

U. S. Army Aviation and Missile Command

analyzable product model

computer aided design

computer aided engineering

context-based analysis model

constrained object

constrained object instance

constrained object structure

common ORB architecture

design-analysis integration

engineering information systems

engineering service bureau

finite element analysis

fixed topology template

graphical user interface

Internet inter-ORB protocol

multi-representation architecture

object request broker

Object Management Group, www.omg.com

printed wiring assembly (a PWB populated with components)
printed wiring board

simulation-based design

simulation-based engineering

small-to-medium sized enterprise (small business)

solution method model

Product Data-Driven Analysis in a Missile Supply Chain (ProAM) project (AMCOM)
Product Simulation Integration project (Boeing)

Standard for the Exchange of Product Model Data (ISO 10303).
variable topology multi-body

X-analysis integration (X= design, mfg., etc.)

XaiTools ChipPackage"

XaiTools Frame WorkTM

XaiTools PWA-B"™
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