Designh Technoloqgy
What Does the Roadmap
Say?




Electronic
Assembly

IPC STANDARDS MAP

ACCEPTANCE
IPC-DRAM-40
IPC-A-810
[PC-9131
[PC-DRM-SMT
POSTERS
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IPC

STANDARDS MAP (cont.)

ASSEMELY
SUPPORT

SMC-WP-002
IPC-DRM-18
IPC-DWV-426
IPC-TR-581
IPC-TA-722
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|PC-A-820

IPC-TP-1115
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ASSEMBLY
MATERIALS

Flue/Salder
J-8TD-n04
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J-8TD-006

[PC-TP-1043
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Adhesives

IPC-SM-217

IPC-CA-221
IPC-3406
IPC-24028
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IPC-CC-230
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IPC-5M-240

PCE/
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IPC-3191
IPC-9252

FOIL

IPC-CF-148
IPC-CF-152
[PC-1721
|PC-4562

LAMINATE
Rigid
|PC-5M-240
IPC-1720
[PC-4101
IPC-4103

Flox
IPC-FC-234
|PC-4202
|PC-4203
|PC-4204
|PC-4552

HOI
IPC-0D-135
IPC-4104

COMPONENTS CLEANINGS
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Sl IPC-SC-60
gl IPC-S4-51
e IPC-CH-55
{1 IPC-TR-468
|PC.-g504
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IPC-TR-580
IPC-TR-581
IPC-TR-582
IPC-TR-583
IPC-5M-838
|PC-5201
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IPC-DR-570
IPC-DR-572
|PC-0l-645
IPC-TA-724
|PC-PE-740
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IPC-S6-141
IPC-4-142
IPC-OF-143
IPC-1731
IPC-4110
IPC-4121
IPC-410
IPC-4411
IPC-4412

PCE
SMC-WP-004
IFC-O-317
IPC-D-853
IPC-1902
IPC-2141
IPC-2221
IPC-Z222
IPC-2223
IPC-z224
|PC-2225
IPC-2252
IPC-Z315
IPC-2515




How Does the
Standards Process Work?

» Task groups develop drafts of new standards and
resolve comments at IPC meetings

= Participants represent their company

* Four stages to get comments from industry

O Project Submission - TAEC approves
form

® Working Draft - gets project started

©® Proposal -solicits comments from
Industry

O Interim Final - resolves comments for
balloting
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Standard Development Cycle
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Hierarchy of IPC Design Standards

(2220 Series)

IPC-2220
IPC-2221
GENERIC
| | | |
IPC-2222 IPC-2223 |IPC-2224 IPC-2225 IPC-2226
RIGID FLEX PCMCIA MCM-L HDI

IPC-2227 In Progress for Embedded Components




Applicable IPC Standards

P &Y = -SM-782; Land Pattern Considerations

© » W« -7095; BGA Process Implementation

= -2315; HDI & Microvia Design Guide

» -SM-785; SMT Reliability Testing

= -D-279; Design for SMT Reliability

= J-STD-001; Soldering Requirements

» -A-610; Assembly Acceptability

= -6010; Printed Board Series

= J-STD-004/005; Solder Flux/Paste

= -2316; Embedded Component Design Guide




Hierarchy of Printed Board

Performance Standards

(6010 Series)

IPC-6010
IPC-6011
GENERIC
| | \ |
IPC-6012 IPC-6013 IPC-6014 IPC-6015 IPC-6016
RIGID FLEX PCMCIA MCM-L HDI

IPC-6017 Planned for Embedded Components




Embedded Component
Hierarchy

Embedded Component

Discrete Device Integral Device

Active Passive Active Passive
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Definition

M Discrete Passive Component

This is a single passive element in its own leaded or surface
mount technology (SMT) package. An example would be a
single resistor, capacitor, or inductor.

B Embedded Passive Component(Device)
A passive component that is formed or otherwise inserted

Inside the primary interconnect substrate as opposed to
being on the surface.
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Definition

Hintegrated Passive Component

This is a general term for multiple passive components that
share a substrate and packaging. They may be housed inside
the layers of the primary interconnect substrate, which would
give them the sub-designation of an “embedded passive
component”, or they may be on the surface of a separate
substrate that is then placed in an enclosure and surface
mounted on the primary interconnect substrate, in which case
they would be called “passive arrays” or “passive networks”
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Definitions

HPassive Array
Multiple passive components of like function are formed on
the surface of a separate substrate and packaged in a

single SMT case. This case is then mounted on the primary
Interconnect substrate of the system.

Examples include an array of capacitors or an array of
resistors

MPassive Networks
Multiple passive components of more than one function are
formed on the surface of a separate substrate and
packaged in a single SMT case. This case is then mounted
on the primary interconnect substrate of the system.

~ ASSOCIATION COMNNECTING 12
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New Definition Proposal

B |nserted type Embedded Component

A component that is inserted between the layers of the
primary interconnect substrate as opposed to being on the
surface. Before inserted in the substrate, it can work as an
iIndependent component. Furthermore it should have
terminals which can connect with the layers of the substrate.

B Formed type Embedded Component

A component that is formed inside the primary interconnect
substrate as opposed to being on the surface. It is made of
some low materials at the same time of the substrate
manufacturing.

ASSOCIATION CONNECTING 13
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New Definition Proposal

BEmbedded Active Component(Device)

An active device that is inserted between the layers of the
primary interconnect substrate. It should have terminals
which can connect with the layers of the substrate. It does
not include a bare die in the current plastic IC package, that
IS housed inside the encapsulant.

B[ ] with Embedded Components
This is a term for the entire body of product that has the
embedded passive and/or active components. The head

word, [ ], requires the word that shows the type of
products, e.g. substrate, module, package, or PWB.

ASSOCIATION CONNECTING
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Typical Example of Module
with Embedded Components

Module with Embedded Components

Embedded Active Component \

_ Embedded Passive Component
Embedded Passive Component (Inserted type)

(Formed type)




Minimum IPC Standards Tool Kit

Design

2221 Generic

2222 Rigid

2223 Flex

2224 PCMCIA

2225 MCM-L

2226 HDI

2227 Discrete wiring

Minimum Tool Kit

Performance

6011 Generic

6012 Rigid

6013 Flex

6014 PCMCIA

6015 MCM-L

6016 HDI

6017 Discrete wiring

Materials

SM-840 Solder mask
FD-2231 Flex material
FD-2232 Coated material
MF-150 Copper foil
CF-148 Coated copper fail
CC-830 Conformal coating
SM-817 Adhesive

4101 Rigid materials
4104 HDI materials

Component Mounting
7071 Generic

7072 Through-hole
7073 Standard SMT
7074 Fine pitch

7075 Array product
7076 Chip scale

7077 Chip wire bonding
7078 Flip chip

Workmanship
A-600 Printed board

A-610 Printed board assembly
R-700 Modification and repair

Attachment

J-STD-001 Soldering requirements
J-STD-002 Solderability testing of parts
J-STD-003 Solderability of boards
J-STD-004 Solder Flux

J-STD-005 Solder paste

J-STD-006 Solid solder

Quality Assessment
TM-650 Test methods
SPC 9190

9191 Generic

9192 Base materias
9193Board
9194 Assembly




Global Workmanship Standards
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Technology Map
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National Technology Roadmap
for Electronic Interconnection

The mission of the roadmap is to:

« Guide manufacturing, process, material,
equipment, and product research and
development in order to establish and maintain
leadership in electronic interconnection
technology

= Integrate the development in the electronic
Industry with partners in academia and
government

= Excel In the global market by implementing
these developments and continuously improving
customer satisfaction.

4] NG
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Focus of the IPC Roadmap

= Electronic interconnections include the
processes for fabrication of the
Interconnection structure and materials plus
the attachment mounting the assembly of
electronic components.

= This National Technology Roadmap is
Intended to provide the vision, and direction
for product development, process
development and services required to satisfy
the short term, near term and long term
requirements for electronic interconnections

~ ASSOCIATION COMNNECTING 21
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History of IPC Roadmapping

Tsmmv RoApmar

I"It Fafure of tive Elecfromic
Inteveawsachion Imduskry
Excouvma Chomaon

aPc 1994

- ASSOCIATION CONNECTING
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apc

B s

Base Element First National Technology
Roadmap Survey
Established IPC as a National
Roadmapping entity
9 Business Segments
151 R&D Tasks
Identified Potential Showstoppers
« Lack of coordinated technology
integration into manufacturing
* No single common set of needs
between industry, government and
academia
« Lack of process controls
» Poor customer/supplier relationships
4 year outlook
Led to the creation of ITRI

Base Element - Survey

10 Business Segments (EH& S)
162 R&D Tasks

4 Year Outlook

Established ITRI Priorities

1997

Base Element - OEM Input - 8 Emulators

Nationally Integrated, NEMI, SIA, MCC,
SIA

Presented to U.S. Congress - June 1995

15 Year Outlook

Focus on Revenue Center of Gravity
Conventional
Leading Edge

Initiated the 1996 Worldwide Benchmark

Base Element - OEM Input - 20 Emulators
Nationally Integrated
Added Chapters
Ceramic Interconnections
Backplanes
Connectors
Added State of the Art focus

22



(iec

THE Nafionat
TECHNDLOGY
RoADVAP i
FOR ELECTRONIC

e [NTERCONNECTIONS
20002001

2000 - 2001

GPc
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History of IPC Roadmapping

Base Element - OEM Input -
Nationally Integrated
11 Product Sectors
Added Chapters
Component Manufacturing
Packaging
Optoelectronic
Reliability

The MATIOMAL
TECHMNOLOGY
ROADMAP

Sfor ELECTROMIC
INTERCONNECTIONS

2002 ] 2003

2002 - 2003

23



National Roadmapping Linkages

USDC
(Displays)

NEMI
Roadmap

& Optical Storage)

OIDA

(Optoelectronics

EDA

(Electronic
Design
Automation

Linked by TWG Cross-member ship

/
SIA

NSIC
(Magnetic &
Optica
Storage

National Roadmap Coordinating Committee




IPC’s Multi-dimensional Approach

MARKET SECTORS

Auto

Computer

Military

Telecommunications

Education/Retail

Consumer

Industrial

| nstrumentation
PERFORMANCE SECTORS

Harsh Environment

Portables

High Performance

Low Cost, High Volume

Cost & Performance Sensitive
.~ FL 1\ TECHNOLOGY SECTORS Technology Planning

Commodity IS Multidimensional
Leading Edge
@ State of the Art

ASSOCIATION CONNECTING 25
| ELECTRONICS INDUSTRIES

Sectors

Q
Q
c
©
=
)
g
)
al




World Wide Benchmark

TECHNOLOGY BENCHMARKING
WoriLpo Wipe CoMPETITIVE ANALYSIS OF
Erectronics INTERCONNECTIONS

Roadmap for U.S.
turns out to be the
Benchmark for the

World.
International
acceptance
s represented
E"Z g,m * | by Asia and
e Hﬂ@% 1996 Europe.
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NNNNNNNNNN ECTING
RONICS INDUSTRIES

Paradigm Shifts for 2003-2004 Roadmaps

= Technology Drivers
Packaging High Frequency Optoelectronics

= Array Components
= Vias
Through hole and microvias
= Solder Connect Density(Joints/area)
= One layer of HDI, two layers max

= Discrete Component Technology
Buried Integrals (Embedded Passives)

= Roadmap Validation (PCQR?)
= Backplanes



Changes Necessary for Industry to

Prosper

= Shared Vision -- A common view of
technology needs and priorities

= Strength in industry linkages --
Cooperation between all levels of

technology. Chip to Package to Board
to Box

= |mproved Cooperation - Focus on
National Technology Needs

= Sustained Support - Research,
Development & Manufacturing

28



Organization of the 2002/2003
Roadmag

Situation Analysis PUFPOSE &

d o e eary Overview Component Packaging

" Roadmap Technology Verification

f ' Organic Rigid Interconnections
Rel ated ; Organic Flexible Interconnections
opls Ceramic Interconnecting Structures

Technol Ogl es [ e Optoelectronic Interconnections
- ™ Assembly of Die and Passives

Design Technology
Data Requirements and Transfer
Supply Chain Management

b Product Board
Cost Relationships | 545 2 e Characteristics

ROADMAT

i for ELECTRONIC . .
- = e ; Organic Rigid Printed Boards
Technology — | “2] Em“ Z‘I;“G:‘; Flexible Printed Boards
3 - Optoel ctronics Structures
TrendS - Assembly of Product Boards

The NATIONAL

Package Style/Physical Attributes ..
Ground and Voltage Distribution Additional
Component Assurance Testing . .
Optoel ectronics ' Considerations

Build-up Sequential Interconnections ' B Ervironmental Health and Safety
Connector Technology b " Back Planes

Packaging and Handling - Box Build Requirements
Reliability Expectations |0 system Reliability
— : ' System Architecture




Product Emulators — 2002/2003

Product

Electronic Games (portable)
Consumer Products (Low Cost Under $500)

Hand-held/Wireless Electronics

Mid Range Performance Electronics (Office Systems)
High Performance Systems (Mainframe/Mass Storage)
RF and Microwave Electronics (10 MHz)

Harsh Environments/Aerospace

Harsh Environments/Auto Electronics

B ey




s BRI International
: Technology
Roadmap

2004 / 2005
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Roadmap Globallzatlon

ITRS — A truly global roadmap. TWGS in US, Asia, &
Europe. Roadmap working meetings are held at
International locations

JISSO - Japanese only
' NEMI — Plan is to internationalize the emulators in next
- roadmap

IPC — European and Japanese input since 1995, plan is
to include additional input from China in 2004/2005.

WebEXx conferencing will be used as a communications
tool for some committee meetings.

oY
J?
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Product Emulators — 2004/2005

H# Product

Electronic Games (portable)
Consumer Products (Low Cost Under $500)
Hand-held/Wireless Electronics

Mid Range Performance Electronics (Office Systems)
High Performance Systems (Mainframe/Mass Storage)
RF and Microwave Electronics (10 MHz)

Harsh Environments/Aerospace

Harsh Environments/Auto Electronics

B ey




Design Issues

Technical Driver Metric Measure CURRENT NEAR TERM MID TERM LONG TERM
2002-2003 2004 - 2005 2006 - 2007 2008 - 2012
Design Issues RCG SoA RCG SoA RCG SoA RCG SoA
On Chip Rise Time Nanoseconds 1.8 0.8 14 0.6 1.2 0.5 1.0 0.4
On Chip Frequency MHz 450 700 500 800 600 1000 1000 2000
Min. Device Voltage Volts 3.0 2.0 25 1.8 1.8 15 1.0 1.0
Voltage Levels Avg levels 5 3 4 2 4 2 2 2
Frequency (Chip to Bd) MHz 150 350 180 450 200 500 500 750
— II Thermal Dissipation Watts avg/max 8/75 5/35 8/100 5/80 10/120 6/80 10/150 10/100
| EMC Susceptibility mv/IM 60 90 70 100 80 120 90 130
;FE_'__ MTBF Hrs of operation 4000 20000 8000 30000 12000 40000 40000 40000
Operating Range Min / Max °C -10/40 -10/60 -10/40 -10/70 -10/40 -10/80 -10/80 -10/80
Max. Board Temp °C 25 45 30 50 30 60 30 70
Interconnect factor Max. / cm? 8.88 4.50 9.32 5.51 9.18 5.09 9.03 5.06
|1|-| Attachment factor Max. / cm? 25.20 42.00 35.73 59.72 56.00 84.00 62.00 91.00
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Printed Board Technology Issues

Technical Driver Metric Measure CURRENT NEAR TERM MID TERM LONG TERM
2002-2003 2004 - 2005 2006 - 2007 2008 - 2012
Printed Board Technology Issues RCG SoA RCG SoA RCG SoA RCG SoA
. , BT BT Mod. MOD
Materials Mat'l type code FR4 Epoxy FR4 Epoxy CEM FRA CEM FRA
Board Size-Area sqcm 600 500 550 450 500 400 525 400
Thickness- Cond. Area Mm 2.0 15 1.75 1.2 15 1.0 15 0.8
| Layer count Avg. layers 12 6 10 4 8 4 6 4
| Line width/ space Min. internal mm 200/200 100/100 175/175 100/100 150/150 75/75 100/100 50/50
lile
1 i | Min. hole Dia.-thru Via mm 350 300 300 250 250 200 200 175
I'n
| Min. hole Dia.-buried/ blind mm 200 125 200 100 175 100 150 85
]
_I
Min. microvia-buried/ blind mm 125 100 125 100 100 75 90 70
LECICIEEE TS Add to Hole nm 400 250 350 250 300 200 275 185
(areacm sq.)
Hole Qty - Mechanical Avg./ board ?‘1)8()’ 5000 10000 6000 12000 8000 14000 10000
.'_:_l Hole Qty - Microvia Avg./ board 3000 6000 4000 8000 6000 10000 8000 12000

.




Technical Driver Metric Measure CURRENT NEAR TERM MID TERM LONG TERM
2002-2003 2004 - 2005 2006 - 2007 2008 - 2012
Board Assy Technology Issues SoA RCG SoA RCG SoA RCG SoA
Leads/component Avg. leads 20 15 25 20 30 25 40
Max. # leads/component 1/0 count 480 480 520 520 640 800 1200
| Solder joints primary side # joints 12600 11790 16125 16800 20160 16900 20240
Solder joints secondary side #joints 8400 7860 10750 11200 13440 11400 13560
# discretes Total parts 861 1087 839 1120 829 1140 852
Max. array components Total parts 95 118 151 196 202 203 210
Max. peripheral components Total parts 95 105 86 112 90 113 92
Electrical assembly Type 2Y 2Y 2Y 2Y 27 2Y 27




Board & Assembly Purchasing
ISsues

Cost per square
centimeter is based
on density of holes
and solder joints

Solder joints per square centimeter

Technical Driver Metric Measure CURRENT NEAR TERM MID TERM LONG TERM
2002-2003 2004 - 2005 2006 - 2007 2008 - 2012

e e I I I




New Emulator Dialog |

Narrative section

Types of product(s) and product selected in emulator
System Impacts, Architecture, and Reliability
Human interface description

Wireless considerations

MEMSs considerations

Opto considerations

SIP considerations

Multi media status

Green Manufacturing

Substrate description

Special environment needs if appropriate
Processor type and description if applicable
Energy source and description

Sockets and connector description

Other special considerations
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IPC
International
Technology
Roadmap
Electronic
Interconnect
Trends and
ISsues

Volumel

IPC
International
Technology

Roadmap
Electronic
Interconnect

Related
Drivers

Volume 2




| Roadmap Organizational Structure

Volume 1

Part rose and Overview
Part B Technology Trends
Part C Component Packaging
Part D Product Board Substrates

Part E Product Board Assembly

Index



Roadmap Organizational Structure

7 " \/olume 2

s |
Part A Purpose and Overview

Part B Related Technologies

Part C Appendix

Definitions and Acronyms
Emulator analysis
Index




| Roadmap Organizational Structure

Volume 1

Part rose and Overview
Part B Technology Trends
Part C Component Packaging
Part D Product Board Substrates

Part E Product Board Assembly

Index



R'oadmap Organizational Structure
'Volume 2

Part A Purpose and Overview

Part B Related Technologies
B1 Design Stds. Tools & Technologies
B2 Documentation and Electronic Data Transfer
B3 Supply Chain and Box Build Management
B4 Cost Relationships
B5 Environmental Health and Safety

Part C Appendix

C1 Definitions and Acronyms
C2 Emulator analysis
C3 Index




Roadmap Verification

e Compare the current RCG and SoA rigid
board manufacturing data presented In
Section D to the |PC PCQR? Database

 Validate the technology roadmap data,
comment on inconsistencies, and expand on
the roadmap information to include
additional attributes
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IPC PCOR? Database

« Capabilities demonstrated by PCB
manufacturers based on industry
standard test vehicles

e Applications
— Statistically benchmark board suppliers'
capabilities
— Perform intelligent sourcing
— Select new suppliers
— Ensure design for manufacturability

Eresirl=tirrslswmararinr=is NI Y~ AL ant i A A
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Database Components
Ty B F The TECHNOLOGY

. Process Capability Data P

— Detalled data comparing each supplier's
capabllity, quality, and reliability 1S

~ + Industry Statistics

— Statistical data on the industry's capabllity
 « Analysis Reports

— Detailed data on each supplier’s process




PCOR? Design Library

0.062 Medium IPC-2-062-MB
0.062 High IPC-2-062-HB
0.018 Medium IPC-6-018-MB
0.018 High IPC-6-018-HB
0.031 Medium IPC-6-031-MB
0.031 High IPC-6-031-HB
0.062 Medium IPC-6-062-MB
0.062 High IPC-6-062-HB
0.062 Medium IPC-12-062-MB
0.062 High IPC-12-062-HB
0.093 Medium IPC-18-093-MB
0.093 High IPC-18-093-HB
0.125 Medium IPC-24-125-MB
0.125 High IPC-24-125-HB
0.250 Medium IPC-24-250-MB
0.250 High IPC-24-250-HB

2
2
6
6
6
6
6
6
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Via Structures

Through 1-Deep Blind | 2-Deep Blind | 3-Deep CDD S
2 X

6 X X X
12 X X X X
18 X X X X X
24 (0.125) X X X X X
24 (0.250) X X

Note: Only through vias are required to test and analyze panels.

]

(
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Test Modules

Soldermask Registration  Controlled Impedance
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Database Elements

Conductor/Space

Via

Via (Reliability)

Via Registration

Drill Overshoot

Soldermask Registration

Controlled Impedance

Test Module Design Type Capability Information | Quality Information

Outerlayer, 0.5-0z innerlayer, 1-0z
innerlayer, and buried core

Through, 1-deep blind, 2-deep blind,
buried core, and controlled depth drill

Through, 1-deep blind, 2-deep blind,
buried core, and controlled depth drill

Through, 1-deep blind, 2-deep blind,
and controlled depth drill

Controlled depth drill

Outerlayer

Single-ended and differential

Conductor and space Conductor width and
defect density height uniformity

Via net resistance

Via defect density coefficient of variation

Percent change in

Yield loss .
resistance

Via probability of breakout

Probability of overshoot

Clearance yield

Impedance uniformity

B,

T

(
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Outerlayer Conductor and Space

S PSRN

Table A5-1. Outerlayer Conductor and Space Formation (1.5mm Board Thickness)

CURRENT 2002-2003

PCQR? DATABASE

ATTRIBUTE
RCG SoA RCG SoA
Conductor Size (mm) 150 60 150 75
Space Size (mm) 150 60 150 75
Conductor Width Tolerance (mm) 40 15 46 24

Table A5-2. Outerlayer Conductor and Space Formation (3.0mm Board Thickness)

CURRENT 2002-2003

PCQR? DATABASE

ATTRIBUTE
RCG SoA RCG SoA
Conductor Size (nm) - - 100 75
Space Size (nm) - - 175 150
Conductor Width Tolerance (mm) - - 50 30




Table A5-3. Innerlayer Conductor and Space Formation

CURRENT 2002-2003

PCQR?DATABASE

ATTRIBUTE
RCG SoA RCG SoA
Conductor Size (nm) 125 50 75 50
Space Size (mm) 125 50 100 75
0.5-0z. Width Tolerance (mm) 35 10 36 16
1.0-oz. Width Tolerance (mm) - - 48 24
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Through Via

Table A5-4. Through Via Formation (1.5mm Board Thickness)

CURRENT 2002-2003 PCQR’ DATABASE
ATTRIBUTE
RCG SoA RCG SoA
Minimum Via Size (mm) 300 200 300 200
Annular Ring (mm) - 8 200 100

Table A5-5. Through Via Formation (3.0mm Board Thickness)

CURRENT 2002-2003 PCQR’ DATABASE
ATTRIBUTE
RCG SoA RCG SoA
Minimum Via Size (mm) - - 300 250
Annular Ring (mm) - - 300 200




Blind Via

Table A5-6. PCQR? Database Blind Via Structures

Description Formation Method Interconnect

1-Deep Blind Laser (typical) lto2and nton-1

2-Deep Blind Laser (typical) l1to3and nton-2
3-Deep Controlled Depth Drill Mechanical lto 4

Table A5-7. 1-Deep Blind Via Formation (75mm Dielectric Thickness)

CURRENT 2002-2003 PCQR? DATABASE

ATTRIBUTE
RCG SoA RCG SoA

Minimum Via Size (mm) - 75 150 75

Annular Ring (mm) - - 125 75




Table A5-8. 2-Deep Blind Via Formation (175mm Dielectric Thickness)

CURRENT 2002-2003

PCQR?* DATABASE

ATTRIBUTE
RCG SoA RCG SoA
Minimum Via Size (mm) = - 250 175
Annular Ring (nm) - - 125 75

Table A5-9. 3-Deep Controlled Depth Drill Via Formation (300mm Dielectric Thickness)

CURRENT 2002-2003

PCQR? DATABASE

ATTRIBUTE
RCG SoA RCG SoA
Minimum Via Size (mm) - - 450 350
Annular Ring (mm) - - 200 100




Controlled Impedance Structures

Figure A5-2. PCQR? Controlled Impedance Structures

Dielectric 1
| Conductorl Soldermask | Conductor

Dielectric 2

Dielectric 1
Reference Plane

Reference Plane

(a) Surface Microstrip (b) Embedded Microstrip

Reference Plane 1 Reference Plane 1

Dielectric 1 Dielectric 1
| Conductor I |Conductor1| Conductorzl

Dielectric 2

Dielectric 2

Reference Plane 2

Reference Plane 2

(c) Stripline (d) Edge-Coupled Differential Stripline

Reference Plane 1

Dielectric 1
| Conductor 1

Dielectric 2

I Conductor 2

Reference Plane 2

Dielectric 3

(e) Broadside-Coupled Differential Stripline
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Controlled Impedance

Table A5-11. Controlled Impedance Formation (125mConductor)

CURRENT 2002-2003 PCQR” DATABASE
ATTRIBUTE

RCG SoA RCG SoA
Surface Microstrip C, - - 0.8 1.4
Embedded Microstrip C, - - 1.3 2.4
Stripline C, - - 1.3 1.8

Edge-Coupled Differential
Stripline C,, - - 1.3 2:0

Broadside-Coupled Differential

Stripline C, ' ' 11 1.6
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Assembly Methodology

" ]

Technology Drivers
Packaging High Frequency
Optoelectronics

Array Components

Vias
Through hole and microvias

Solder Connect Density(Joints/area)

Discrete Component Technology
Buried Integrals (Embedded Passives)

]

(

\JJ




Process Challenges

LN TLe

Nothing ever goes away, e.g. the
rumored death of thru hole has been
greatly exaggerated. Component
Intermix will increase!

Array packages replace high I/O
peripherals as the packages of choice:
Manufacturabllity!

landheld printed boards decrease In
size and thickness, increase In
Interconnection density. HDI is the
alternative to layer count.
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Assembly Challenges

' i 5

. Bare die direct attachment to organic substrates will
Increase. (Less <2% of the advanced assembly)

. Process windows narrow: harder to inspect, test, and
rework

— Increased I/O counts - peripheral and array
packages may compliment each other

— Process control iIs becoming embedded In
j assembly process equipment
New technologies require new and tighter tolerances

— “Flatter” boards (low warp) for CSP and DCA
component attach

— Low CTE mismatch between component
S materials and board materials for CSP and
 DCA nackaacdes ea DCA combonents that do |




[The Concept of Jisso ?]

Total solution for Interconnecting, Assembling,
Packaging, Mounting and Integrating system design.

Jisso Level

Semiconductor 1st Level
Chip ~ 10um

Rerouting

Semiconductor 2nd Level
Package < -~ l00um
WB,TAB,FCB

\
\

3rd Level

Ty %1{5'5'5'5%” i €]  100Mm- 1000um

SMT, THT

Printed Wiring Board

4th Level
Assembling

(Peripheral type ) (Area array type)

SMT THT

SMT : Surface Mounting Technology
THT : Through Hole Mounting Technology




Technology Big-bang into the 21st Century

1st Evolution 2nd Evolution

1.High performance | 2. Stacked Chips /3D PKG'ing

A

- |

Ly Ll
0000000 ) y

Area Array Flip Chip \
(Face Down) / 3. Wafer Level Packaging

@

QFP. SOP \

(W L- CSP) y

|
1999 the 21st C




JISSO Single-dimensional View I

[ User J

Il Jisso Level 3/4 |l
Il Board Assembly Il 1l

JISso Level 3
MDS 1NN III|!

{ Jisso Level 2}

Package

{ Jisso Level 1}

Flip Chip/ WLP

Jisso Level 0
Bare Die v




Jisso Multi-dimensional Standard

User >

Guideline Design/ Process Guide 1

User Standard . )
requirements 4§

L
i
<
S
=

[ | %”Otedt> Business
Common Standard foEEE 45%

&
(Suppliers Standard ) N

[ Guideline Design/ Process Guide }

Suppliers )




Typical Examples of Jisso Classification

—

& 1 0 8 @ 8 1 & 1 0 0 ! B 1 |
UL uUuuuvuuUuuwuuUuuuuuv

Stacked MCP for Mobile Phones
“MDS-B1-L-25W”

DIMM/SIMM
“MDS-C2-L-1P-L€"

e e R
Transmeta Crusoe
“MDS-B1-C-3P-FC”

. --’_________-.l-’_________-.l----
[ t

CPU+Chipset in Intel BBUL w/ decap
“MDS-P2-L-2E(39)-P’

Flash+SRAM in Tessera Folded Stacked
“MDS-B1-L-2F-Le’




The Evolving Process Environment

. !J .Zi.'_
. Emphasis on process control not process alone.
— Meet the line production rate

— Data collection, mining, and analysis
processes

— Standardized data formats and tools
& Line change over time

— Control and accuracy in component Kitting

— Test and inspection of high mix, high density
assemblies

. DFX
— Land patterns for reliable array attachment
— Test access for high density designs

& — Materials compatibility and environmental
ISsues up front in design process




The Evolving Process Environment

I} EI Zﬁi.'. : :.'-,

Environmental pressures on the assembly processes will
continue to increase

— No scientific consensus
— No legislative consensus

— No economic consensus
Globally implement strategy developments
Continuous customer satisfaction improvement
With contract manufacturing increasing:

— Better DFX needed

— Concurrent engineering skills at the interface
between design and manufacturing needed

Integrate R&D in the industry with academia and
government




Consumables Challenges

I} EI Zﬁi.'. : :.'-,

Environmental scrutiny:

— Halide free material compositions:
flame retardant in PWBs?

— Lead Free: Higher temperature
processing

The use of non-tin/lead coatings will increase,
e.g. Au/Ni/Cu, Pd/Cu and/or organic
preservatives.

Compatibility of components/boards with
materials and consumables In flux, paste,
surface finish, solder mask and cleanlng

Embedded passives are a technology of interest
but a small demand compared to the HDI and
“bread and butter” boards.




Materials Challenges

Eu .Zi.'_

Environmental scrutiny:
— Halide free material compositions

— Lead Free: Higher temperatures

— Lack of reliability data for lead free joint
structure

Finer features imply:
— New solder pastes for fine printing

— Ultra-low residue, no-clean pastes and
fluxes and/or new cleaning technologies

— Understanding of residue impact on high
frequency circuits
Underfill materials for high 1/O low standoff arrays:
—  Re-workable
Cover-coats for harsh environment:




Test Challenges

(58] LER i

Density. Density. Density.

Mixed surface finishes that challenge ICT test
probes

Increased use of no clean with residues that make
contact of test probes difficult

Increased functionality of boards that demands a
high level of ICT test access, e.g. 100%

A multiplicity of products demanding a multiplicity of
test fixture types

Higher speeds of product operation

Increased use of optical devices that are not
testable by traditional electronic methods




Test Challenges (Cont.)

I} EI ..} : :

The need for in depth statistical analysis of data to
trouble shoot products

Advanced test modeling techniques at the design
stage, I.e. early development of test vectors and
programs for products

— Determine optimum tradeoffs
— Boundary scan testing built into the IC

Complexity of full nodal access of In-
circuit test

Thin boards

DFT development for support of contract
manufacturing (EMS)




Wither Printed Board Assembly?

JL.L I

. Manufacturing within the U.S. is seeing difficult times

. R&D for manufacturing within OEMs is at an all time
low.

« The on-shore operations of EMS providers is
experiencing recession difficulties also.

. Manufacturing test and assembly need better support
from academia and government to meet the
challenges of rapidly changing product technology.

 US industry must position itself without new assembly
technology capabillity

. Design for a specific EMS provider to take full
advantage of their equipment and process capability




PCB CAD Vendor Mergers

1960 | 1381 [ 19682 | 1983 | 1964 | 1985 [ 1966 | 1987 | 1968 | 1983 [ 1990 [ 1337 [ 1992 [ 1933 [ 1994 | 1935 | 1996 | 1937 | 13998 | 19533 | 2000 | 2001 | 2002
Cadence Design Systems

1968 L

| valld
| Tala il o | CCT

1967 Calm a | UnICAD
| orcAD|
| Manstek

| Micro il m

| nno v da

1980 [1981] 1982 [ 1983 [ 1984 [ 1985 [ 1386 | 1987 | 1988 | 1983 | 1350 | 1551 | 1992 | 1993 | 1994 | 1995 | 1996 | 1357 | 1998 | 1933 | 2000 | 2001|2002
Mentor Graphics

LA

CADI | ntarconnact s
| Royal Cigitl Sysem s
| sPEA] §ETO
| Intergraph Bectronic | WerlBs it
| Caley Sysem s DAZI
| Cadnetiz
| LayoutConcepts
1380 [ 1981 1982 | 1983 [ 1984 | 1985 | 1986 [ 1987 | 1988 | 1983 [ 1350 [ 1551 | 1592 [ 1953 [ 1554 | 1595 [ 1996 [ 1557 | 1998 | 1955 [2000 | 2001|2002
1978 Zuker
1965 Racal Redac
Incagan
1964 Com putsrd slon
1978 Grado

1580 | 1381 [ 1582 | 1983 | 1364 | 1985 | 1386 [ 1587 | 1988 [ 1583 | 1390 [ 1551|1332 | 1953 [ 1534 | 1995 [ 1996 | 1957 [ 1558 | 1393 [ 2000 | 2001 [ 2002



CAD Capabilities

- 2254E.

[
C= Capacitance (nF)

Power Plane

C

A=Area of Plates (in?)

E =Diaelectric Constant
t=Dielectric Thickness (mils) /
Embedded

Dielectric Ground Plane

Calculating Capacitance



CAD Capabilities (continued)

™| Frinted Fart Parameters

Print Resistor Generation with / without Trimming:

= Plmooment, Wiring Toel] G bic semphes ' Hylind el -rilp
Fie Bl Wesw OOl ErveRonenend LBy Cwide DAC - Coeandnecsts]  Modus  Help

ir o e Eql Tt E |0 N EES Fix

_Iﬁl._lgdal ESETEE o e
| ML gllfzvenm
A _gﬂjw.?uu:m

— JJ 1 |l| [ SToRE Areal II.JEHIIII'.-D[;HH

Feference; iﬁﬂﬂﬂﬁf

Reszizior- |

|E ::' EI i
Al B F‘“I Lavers [Trk—1 = |
Senmrate Cross Gl4ass i 11!1{] l
- Dffast = Cuk Ourk Aoz id |
Width otrset) GRS Land- |

ngth 0 fewtc E]W |
murhage widths g ST Lowers i‘l .,l |

Wiring Eesp-ot dArea

Painking A B":h— '
A Lavwer: WireLimitok fan-1 |
v |

#idth offart: I o0 -D—L- o |
Lengrh OFf o=t _ﬂJI‘- o NE o0 I
Craickion 0 Ug D LB.'!-"Er: |n"'Er'E:L:lI._1 |
Trinning |

Layet: [Triwming-1 |

Direct lon? (Mo Trlwnime _:J:

i h:u_rllll L]

#pp Laner/Ri zht

Lagars m W [TOTE 0L TEE =] [0S0 0ET =) [#EmcTute =] -::_EJF:-.-: *r:_.ajﬁ:*.c Apgly
= Al P AR A F Geid Wisible Foaridding
o Eil @I—ll _ﬁjr' Hat W" Group Het

|

\



CAD Capablilities (continued)




- ASSOCIATION CONMNECT
| ELECTRONICS INOUSTR

Conclusions

Design tools will continually improve

DFM analysis skills are necessary part
of the design responsibility

Prototype to production will become a
greater challenge

Good designers will become scarce

Needs for continual education are a
must

Diversification will help the designer to
survive the industry changes
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