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Advancing manufacturing technology
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Agenda

Introductions

Overview of Project

Approve Participant Expectations

Review Timeline & Sub-team Requirements
Lunch

Company Participation (Critical Mass)
ldentify Sub-team Participants

Break Out Sessions (Sl & PCB)

— Define strategy to craft technology timeline
— Identify major barriers to completing the work on time
— Recommend support needed to overcome barriers

Break (Steve Hall, John Davignon will draft reports during break)
Sub-team Reports (SI & PCB)

Wrap Up — Next Meetings Scheduled

Adjourn




HFR-Free Proposal
Objective

1. Identify HFR-free PCB technology envelope which allows drop in
replacement capability with standard FR4-based designs.

2. ldentify technology readiness, supply capability and reliability
characteristics for “HFR-free” alternatives to conventional
printed wiring board materials and assemblies.

3. Provide Industry Standard Technology Envelope for HFR-free
Materials across all market segments




HFR-Free Proposal
Organizational Structure

INEMI HFR-Free Transition Program
Program Lead.:

Martin Rausch

Electrical WG Lead:
Steve Hall, Intel

)

Materials WG Lead:
John Davignon, Intel

Keys to success

« Gain participation from all members of supply chain
- OEM, ODM/EMS, PCB suppliers, Laminate suppliers, DIMM/add-in card suppliers

« Member companies ensure technology envelope meets requirements
- Reliability, availability, performance, etc...

* Envelope gets used (de-facto standard)

- Specify product, drive new material development, etc... MM



mailto:martin.rausch@intel.com

HFR-Free Proposal

Deliverables
New Value or Test Proposal
Property Value Unit
Maximum Minimum -
Options
Modified Value Range of STD Test
1 [Permittivity (Dk or Er), maximum ° Deflne envelope
@ 16Hz using material
Scanrange 1-20 GHz
. param eters
* e e P M - Must correlate stress
@ 1GH .
Scan range 1-20 GHz test results to material
3 |Moisture Absorption, maximum NA parameters
4 |Flexural St.renglth,minimum NA ° Deﬂne SU|te Of teStS
Length direction .
Cross direction acceptable materials
5 |Flammability must meet
6 |Decomposition Temperature (Td) - Must establish
7 [padsCrE common set of test
Alpha 2 methOdS
50-260C
8 |Young's Modulus
9 |Thermal Resistance
T260

T288 e
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INEMI HFR-Free PCB Technology Envelope Project

IS /1S NOT
This Project IS: This Project IS NOT:
Technical evaluation of key electrical and
mechanical properties of HFR-free An EHS assessment

Materials

Biased towards specific laminate
suppliers, geographies, or market
segments

Focused on those design attributes which
are of most value to the broader industry

Build on learning from prior investigations | Repeat of prior work

Focused on circuit board materials and
solder joint reliability — Board /
Component Interaction

Focused only on materials
characterization

Focused on generating data / design
guidelines for development of an industry
standard




INEMI HFR-Free PCB Technology Envelope Project

Phase I. Design

Review prior work and make recommendations for testing needed. Investigation should take
into account needs of electronic product sectors represented by iINEMI membership.

1. Identify candidate materials

. Poll the supplier base, keying in on candidate materials that are commercially viable with consideration for
market segment applications.

. Identify candidate HFR-free laminate materials to allow drop-in replacement for standard FR-4

2. ldentify key performance characteristics and test criteria (Mobile / Desktop /
Other?)

. Assess prior studies and identify critical knowledge gaps or technical issues. Make recommendations for
performance tests needed. Review results of prior industry and member company investigations.

. Output broadband frequency dependant dielectric constant and loss tangent of candidate halogen free
laminate materials (L0KHz - 20GHz)

. Simulation results of high speed buses .... DDR3, PCI2,3 ... others?

3. Design test vehicle(s) and test methodologies, leverage standards where
possible
. Specify test vehicle criteria required for performance testing. Agree on a minimal number of test vehicle

designs and test requirements. ®
; :




INEMI HFR-Free PCB Technology Envelope Project

Phase Il: Test

Develop, manage, and execute performance testing.

1. Develop evaluation plan and schedule

» Outline key mechanical and electrical performance characteristics, and resource and time constraints. Focus on
Electrical Characteristics, Delamination and Via & PTH reliability, Pad cratering and solder joint reliability.

— Build systems with dielectric materials that comply with the proposed BFR-free dielectric spec
— Provide data that shows comparison to identical FR4 systems

— Determine compatibility of candidate laminate materials with higher temperature assembly process reflow
environments (mixed solder: 245 C / Pb-free, 260C).

2. Procure parts and test vehicles

» Obtain needed evaluation materials. Consider lead times needed to synch with evaluation schedule. Solicit
participation from supply partners.

3. Assign teams to carry out completion of the testing in a standardized

fashion

» Each test should be carried out in a manner that produces meaningful results. Industry standards should be
followed where applicable. Testing should be coordinated to allow correlation of results and sharing of test
materials.

4. Perform mechanical and reliability testing on test vehicles.
» Leverage capabilities and expertise of participating members and supply partners. Follow test procedures

carefully and record positive and negative results.
INEMI
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INEMI HFR-Free PCB Technology Envelope Project

Phase lll: Results

Compile results, assess significance, make recommendations, and publish report.

1. Assess technology readiness /identify gaps

» Flag unexplored issues and identify technical risks that need to be resolved before materials can
be widely adopted. Make recommendations for future work.

2. Assess manufacturing capability and supply capacity

e Work with suppliers and EMS’s to identify barriers to supply chain viability. Interpret implications
of performance testing in terms of manufacturing capability.

3. Publish results

e Compile and edit concise summary of methods, meaningful results, and recommendations. Goal
is to roll the final report to members by Y/E 2010 with public release by IPC/APEX 2011

INEMI




INEMI HFR-Free PCB Technology Envelope Project
Anticipated Outcome

« Material Property Path Vs. Test Suite Path

— Validate electrical and mechanical properties
. Loss tangent and Dk modeling over required range of signal speed
. Signal Integrity Capability / Validation (DDR2, DDRS3 etc)
. Mechanical performance validation for lead free assembly and rework (delamination)
. Critical Test Parameter Evaluation (CAF, IST, flex, etc.)

— Validate Board Level Reliability Capability
. PCB Modulus / Thickness Impact on Mechanical Capability
. HF Board Level Assembly / Rework Process Characterization
. Mechanical Characteristics (Pad Crater / Ball Pull etc)
. CTE Characteristics
. SJR (Shock / TC etc)
. HF Component / HF PCB Interaction

— Provide Industry with an accepted Standard Technology Envelope

INEMI




Participant Expectations (Input?)

Agree on identifying a transition date / timeframe to move to HF PCB
Materials

1. Possibly by application / market segment

2. Full BOM enabling will be driven by OEM/ODM (This is due to the complexity of
business models)

Agree to commit appropriate resources to meet accelerated project timeline
and targeted end dates

> Weekly Calls, FTF Meetings When Appropriate

> Provide Key Electrical / Mechanical parameter requirements by market segment
to generate appropriate Stack Up Definitions, Test Plans and Identify Appropriate
Material Candidates

> Intel to provide the initial strawman

»  Agree to provide materials, components, Test Vehicles, Design Capability,
Modeling Capability, PCB Fabrication, PCB assembly, Test Capability, FA
Capability as required by Test Plan

Collaborate on input to final report
Agree to adopt the HF PCB technology envelope parameters in future designs
Provide Recommendations for Industry Standards to IPC / JEDEC to generate

and publish a Spec (if applicable)
1. HF PCB Technology Envelope (Design Guidelines)

INEMI




Timeline / Sub-team Requirements




Signal Integrity Strategy

Steve Hall - Intel




Signal Integrity with Halide Free Boards

Problem

» The permittivity range for available halogen free dielectrics is too wide for a single
design (HF > 3.6<e <5.2, requires ~2-3 separate designs)

* High end of permittivity range increases crosstalk, risk & cost

— More layers needed to compensate for crosstalk when permittivity is too
high - leads to more cost

* Industry specs such as PCle are based on standard FR4 behavior
— Changing the FR4 assumption requires the specs to be re-visited

Plan Strategy
Define an “electrical envelope” for HF » Characterize available HF dielectrics
dielectrics to ensure drop in — Assess critical electrical properties
Compi-i'[lk-)lhty with 1080 FR4 | . Simulation
- Eliminates need for multiple — Define the “dielectric electrical
design guides (HF & FR4) envelope” based on DDR3 & PCle2,3
— Ensures industry specs (e.g., * Validation Platforms
PCle) remain valid — Ensure envelope is valid




Signal Integrity Input

1. Consensus/input on the variables and ranges in the
electrical envelope
— Dk (Er)
— Df (TanD)
— Delta TanD due to Moisture Uptake
— Frequency (10 MHz — 20 GHz)

2. Consensus on dielectric property measurement
methods going forward

—  Split Post Resonator
— Short Pulse Propagation (TDR)
— Transmission Line Extraction (VNA)
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Signal Integrity Input

3. Comparative data to FR4 Baseline (1080 cloth)
validating the HF electrical envelope corners

— Tangible (non-simulated) data is needed to ensure nothing
was missed

« Identification / Development / Characterization of passive test
boards (Loss, impedance, crosstalk ... etc. on HF vs FR4)

« Apples/Apples comparison of DDR & PCle margins on active
systems (HF vs. FR4)

— Description of test methodology for each current
data set is critical




Signal Integrity Output

« Identification of the key electrical parameters of the
HF dielectric needed to ensure electrical
performance on par with 1080 FR4

— Ensures drop in compatibility with FR4 Designs
 Eliminates need for two sets of design guides (HF & FR4)

 Ensures industry specs (e.g., PCle) remain valid
« Removes the signal integrity risk of HF PCBs

Note: HF electrical properties do not need to overlap 100% with
FR4 ... need to be close enough




PCB Material Development Strategy

John Davignon - Intel
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Baseline Assumption / Materials WG Goals

Problem Statement:

— The majority of HF PCB Laminate Materials have Electrical and
Thermo-Mechanical properties that make a smooth transition
difficult.

Goals
. Define a Reliable HFR Laminate for DT/NB/Server Markets

« Develop a Laminate Technology Envelope and/or Test Methodology to
define the required laminate properties or performance response

« Deliver a Timeline for HFR Laminate Suppliers to manufacture
laminates in volume with these properties/performance criteria

INEMI




Material WG Strategy Options

(A) Material Property Path
Vs.
(B) Test Suite Path

The consortia needs to decide on one strategy based on timelines and
resources available.




(A) Matr’l Property Strategy (Laminate based)

1. Correlate known defects/performance degradation to
Laminate Material Properties

2. Define Metrologies & Methods to assess these
Material Properties at Laminate Supplier Level

3. Consortia test and review Laminate Material
properties and performance values

4. OEM/0ODM Build TV and Products to verify PCB
Reliability, SIR and Assembly Yields of these
Laminates within Tech Envelope

5. Set Technology Envelope values for Laminates with
corresponding Metrologies

6. Work with Supply Chain to verify Capacity of Laminate
within Tech Envelope

7. Incorporate new Tech Envelope criteria into laminate
data sheet




(B) Test Suite Strategy (System based)

=

Define all known defects/performance degradation

2. Define System Based Test Suite
— Define test methods to assess defect levels
— Develop Common Test Vehicles for assessment

3. Set up third party test house
4. Consortia builds, test and review Material performance
5. OEM/ODM builds Products to verify PCB Reliability, SJR

and Assembly Yields of Laminates in Test suite
6. Set Technology Envelope values for Laminates

7. Work with Supply Chain to verify Capacity of Laminate
within Tech Envelope

8. Incorporate new Tech Envelope criteria into laminate
data sheet

INEMI




PCB Materials Development Input

Expectations of Consortia Membership:

e Joint evaluation and analysis of Laminate Properties and
definition of Technology Envelope. Including:

— Setting Max-Min Values
— Test Methodology/Characterization
— Reliability and Product Performance Validation

e Laminate Supplier will support/build according to the
Technology Envelope/Guidelines

e OEM/ODM will build with the Laminates that meet this
Guidelines/Technology Envelope




INEMI BFR-Free High Reliability PCB Project
Proposed Project Schedule

Project Execution - SI Completion TGT
 Phase 1 (Identification of Electrical Envelope) Jun’09
 Phase 2 (Characterization) Dec’09
 Phase 3 (Validation) Jun’10
* Release Results Jul’10

Project Execution - PCB

Phase 1 (Define Initial Envelope) Jun’09
Phase 2 (Correlate Defects) Oct’09
Phase 3 (Define Metrologies / Methods) Oct’09
Phase 4 (Build TVs / Verify Reliability) May’10

Phase 5 (Verify Supply Capability) Jul’10




Follow-Up Project / Sub-Team Meetings

e Sub-Team Conference Calls (Times TBD)
— Week of March 02 PCB WG
— Week of March 09 SI WG
— Week of March 16 PCB WG
— Week of March 23 SI WG

* Full Project FTF Meetings

— IPC/ APEX (Las Vegas, NV)
« April 1, 2009
* 1:00pm — 5:00pm
« Room TBD

 Future FTF Meeting Venues - TBD
— IPC Midwest (Schaumburg, IL) Sept 20 — 24
— SMTAI (San Diego, CA)Oct 4 -8




Company Participation
Critical Mass




Companies Required For Project Success

Companies Present Today / Need Commitment to Additional Companies Needed
Continue to Participate in Project

Acer Inc.

Apple
Ciba Corp.

Cisco Systems, Inc.

Dell

Dow Chemical Company

Guangdong Shengyi Sci. Tech Co., Ltd.

Hewlett-Packard Company

Hitachi Chemical Co. America, Ltd.

Huawei Technologies Co., Ltd. (USA)

iINEMI

Intel Corporation

Inventec

ITEQ Corporation

Lenovo

Nan Ya Plastics

On Demand Circuit Services, Inc.

Panasonic Electric Works

Pegatron

Tech Circuits, Inc.

—
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Sub-team Participants




INEM| HFR-Free PCB Technology Envelope Project

iINEMI HFR-free PCB Technology Envelope Project — Chair : S. Tisdale

Co-Chair: TBD

Signal Integrity WG — S. Hall (Intel) Co-Chair: TBD

Name Company Phone Email
Jones Huang Acer Inc. +886 2-8691-3239 jones_huang@acer.com.tw
Bill Cornelius Apple corneliu@apple.com
Anh-Vu Le Cisco Systems, Inc. +1 408-525-6042 anhvle@cisco.com
David Senk Cisco Systems, Inc. +1 408-528-2301 dsenk@cisco.com
David Baranauskas Dell +1 512-728-0039 david_baranasuskas@dell.com
Steven Ethridge Dell +1 512-728-8595 steven_ethridge@dell.com
Ayedin Nikazm Dell +1 512-728-9164 ayedin_nikazm@dell.com
Nathan Ramamurthy Dell +1 512-723-4378 nathan_ramamurthy@dell.com
Aubrey Sparkman Dell +1 512-723-3592 aubrey_sparkman@dell.com

Jian Wei (Samgo) Cai

Guangdong Shengyi Sci. Tech Co., Ltd.

+86 769-22271828 ext 2201

caijw@syst.com.cn

Scarlet Wang Guangdong Shengyi Sci. Tech Co., Ltd. +86 769-22271828 ext 2190 wangyi@syst.com.cn
Harry Yang Guangdong Shengyi Sci. Tech Co., Ltd. +86 769-22271828 ext 7205 yangzg@syst.com.cn
Jin Rong Ye Guangdong Shengyi Sci. Tech Co., Ltd. +86 769-22271828 ext 6119 ejr@syst.com.cn

Rich Barnett

Hewlett-Packard Company

+1 281-518-5861

rich.barnett@hp.com

Sang (Sunny) Liu

Huawei Technologies Co., Ltd. (USA)

+1 408-562-0132 ext 125

sangliu@huawei.com

Jim Arnold

iINEMI

+1 480-854-0906

jim.arnold@rissastudios.com

Jim McElroy

iINEMI

+1 603-539-7722

jmcelroy@inemi.org

Martin Rausch

Intel Corporation

+1 503-696-2329

martin.rausch@intel.com

Stephen Tisdale

Intel Corporation

+1 480-554-4234

stephen.tisdale@intel.com

Jeff Liu ITEQ Corporation +886 958380019 jeff@iteq.com.tw
Frank Chan Lenovo +1 919-294-5797 chanf@lenovo.com
Louis LIN Nan Ya Plastics +886 922329631 louislin@npc.com.tw

Can’t Attend but Wants Info

+1 602-722-4053
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INEMI HFR-Free PCB Technology Envelope Project

INEMI HFR-free PCB Technology Envelope Project — Chair : S. Tisdale  Co-Chair : TBD

PCB Material Development WG — Chair : J. Davignon (Intel)

Co-Chair: TBD

Name Company Phone Email
Jones Huang Acer Inc. +886 2-8691-3239 jones_huang@acer.com.tw
Dennis Pyper Apple +1 408-862-2338 pyper@apple.com
Amir Salehi Apple +1 408-219-2276 salehi.a@apple.com
Rodrigo Lima Ciba Corp. +1 914-785-4068 rodrigo.lima@ciba.com
Anh-Vu Le Cisco Systems, Inc. +1 408-525-6042 anhvle@cisco.com
David Senk Cisco Systems, Inc. +1 408-528-2301 dsenk@cisco.com

Corinne Holmes

Cisco Systems, Inc.

+1 408-424-4153

corholme@cisco.com

David Baranauskas Dell +1 512-728-0039 david_baranasuskas@dell.com
Steven Ethridge Dell +1 512-728-8595 steven_ethridge@dell.com
Maureen Martinez Dell +1 512-728-9484 maureen_martinez@dell.com
Nathan Ramamurthy Dell +1 512-723-4378 nathan_ramamurthy@dell.com

Robert Hearn

Dow Chemical Company

+1 979-238-9600

rlhearn@dow.com

Jian Wei (Samgo) Cai Guangdong Shengyi Sci. Tech Co., Ltd. +86 769-22271828 ext 2201 caijw@syst.com.cn

Scarlet Wang Guangdong Shengyi Sci. Tech Co., Ltd. +86 769-22271828 ext 2190 wangyi@syst.com.cn
Harry Yang Guangdong Shengyi Sci. Tech Co., Ltd. +86 769-22271828 ext 7205 yangzq@syst.com.cn
Jin Rong Ye Guangdong Shengyi Sci. Tech Co., Ltd. +86 769-22271828 ext 6119 ejr@syst.com.cn

Rich Barnett

Hewlett-Packard Company

+1 281-518-5861

rich.barnett@hp.com

Helen Holder

Hewlett-Packard Company

+1 650-857-7930

helen.holder@hp.com

Terry Fischer

Hitachi Chemical Co. America, Ltd.

+1 203-720-7525

fischer@hitachi-chemical.com
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INEMI HFR-Free PCB Technology Envelope Project

INEMI HFR-free PCB Technology Envelope Project — Chair : S. Tisdale  Co-Chair : TBD
PCB Material Development WG — Chair : J. Davignon (Intel)  Co-Chair : TBD

Name Company Phone Email
Sang (Sunny) Liu Huawei Technologies Co., Ltd. (USA) +1 408-562-0132 ext 125 sangliu@huawei.com
Jim Arnold iINEMI +1 480-854-0906 jim.arnold@rissastudios.com
Bob Pfahl iINEMI +1 703-834-2083 bob.pfahl@inemi.org

Martin Rausch

Intel Corporation

+1 503-696-2329

martin.rausch@intel.com

Stephen Tisdale

Intel Corporation

+1 480-554-4234

stephen.tisdale@intel.com

Wu Tso

Inventec

+886 2-28810721 ext 28560

wu.tso@inventec.com

Jeff Liu

ITEQ Corporation

+886 958380019

jeff@iteq.com.tw

Nancy J. Bolinger Lenovo +1 919-294-5798 njb@lenovo.com
Frank Chan Lenovo +1 919-294-5797 chanf@lenovo.com
Louis LIN Nan Ya Plastics +886 922329631

louislin@npc.com.tw

Andrew Hicks

On Demand Circuit Services, Inc.

+1 408-292-1400

andtA@odcircserv.com

Tony Senese

Panasonic Electric Works

+1 802-447-1812

asenese@us.pewg.panasonic.com

Tetsuya Taniguchi

Panasonic Electric Works

+81 80-1527-2036

ttaniguchi@panasonic-denko.co.jp

Lee Starr

Tech Circuits, Inc.

+1 203-269-3311

Istarr@nc.rr.com




Breakout Sessions
3:00-5:30

Signal Integrity — P/C 90466254

PCB Materials — P/C 41138840

INEMI
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Wrap Up — Next Meeting
Schedules
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Advancing manufacturing technology
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