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Site Capabilities

Layer Count

Low Medium High
Volume
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e Capabilities Snapshot

PCB Fabrication Technology Germany Brazil China B1 & B2 China B3 China B4 China B5
Fabrication Capacity (ft2mo) 55,000 130,000 310,000 260,000 200,000 400,000
Minimum Line & Space 0.003" 0.004" 0.003" 0.0025" 0.004" 0.003"
Minimum Finished Hole Size 0.006" 0.010" 0.006" 0.006" 0.010" 0.008"
Micro Vias Yes Yes Yes Yes No Yes
Buried Vias Yes Yes Yes Yes No Yes
Blind Vias Yes Yes Yes Yes Yes Yes
Maximum Aspect Ratio 14:1 8:1 10:1 10:1 6:1 12:1
+/-10% +/- 10% +/-10% +/-10% +/- 10% +/- 10%
Controlled Impedance
+/- 5%
Embedded Passives C C C C C
. Only limited by
Maximum Layer Count overall thickness 14 layers 18 layers 16 layers 10 layers 26 layers
1SO9002 1ISO9002 1ISO9002 1SO9002 ISO9002
Certifications ISO9001 Q59000 QS9000 QS9000 QW9000 QS9000
1SO14001 516949 TL9000 TL9000 TL9000 TL9000
1SO14001 1SO14001 1ISO14001 1ISO14001
Comm.
Comm. Conl%”t;er:; ﬁ‘o(r?fﬁ ce BGAMCM, Comm. Infrastructure,
Infrastructure, IT Comm ' Comm. Handheld Infrastructure, | Computers &
Industry Segments Infrastructure, Infrastruct.ure Infrastructure, Devices Consumer, Office
Industrial, Medical Industrial ' Consumer, Handheld Automation,
& Other S Handheld Devices Devices IT
Automotive
Infrastructure
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ue by Market Segment

M Industrial, Medical, Others

B Computers & Office Automation

5% M Handheld Devices
B Consumer
10% Communication Infrastruction

B IT Infrastructure

2%

26%
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__1 tion Overview

Northfield Circuit Operations focused on:

Applications & Product Engineering for flexible
assemblies

Prototype & Product Development
Reel-to-reel circuit fabrication and finishing

Philippines Operations focused on:
Circuit finishing
Hand assembly of flexible circuits

Mexico Assembly Operations focused on:
SMT, wave solder and hand assembly

Doumen, China Operations focused on:
High Volume Assembly
Flexible Interconnect
Multilayer Flexible Circuits
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esign for Excellence

Which design is yours?
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LSL USL

*Design it so that you
don’t have problems

Basically it all boils down to
capability.

Cpk is a measure of spread
and centering of the L e e I

variation within the . | .

specification tolerance. 6s 6s

Process is said to be +/-3s, Cpk = 1.0
capable if Cpk >= 1.0 +/-6s, Cpk = 2.0

Yield for Cpk = 1.0 is
99.73%

Final yield=Y1*Y2*...Yn
100 processes at Cpk 1.0
results in 76% yield.

MULTEK
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L : LSL usL
Design it with requirements

and features that the
supplier has good process
capability

The customer ends up
paying for poor yield (both AR

cost and delivery). o ms o moms s
Stay away from the 6 6s
capability edge whenever +/-3s, Cpk = 1.0
possible. +/-6s, Cpk = 2.0

MULTEK
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*Following DFX rules

When you can’t stay
Inside the lines, ask the
supplier for guidance.

Don’t run over the DFM

police.

DFM rules are not fences to
restrict your design. They are
guardrails protecting it from
ISsues.

MULTEK
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at is DFX?

*DFX: Design for Excellence
DFM: Design for Manufacture
DFA: Design for Assembly
DFT: Design for Test
DFC: Design for Cost
DFE: Design for the Environment

DF?: Design it so that you don’t have problems
Good delivery, good yields, good price, good quality
Good Electrical Performance, Reliability, etc.

MULTEK
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' is DEX?

DFM versus DRC

DFM is a commonly used term for a DRC analysis of the Gerber
files after the board is designed to check against manufacturing
capabilities and make recommendations for minor changes to
Improve yields.

Typically just identifies show stoppers rather than proactive
changes to design.

DRC is not truly DFM (Design for Manufacture).

DFM means that the design starts out with the manufacturing
capabilities in mind early on in the design phase prior to tapeout.

“Design for Manufacture is the practice of designing board products
that can be produced in a cost-effective manner using existing
manufacturing processes and equipment.” - Ray Prasad

70-80% of PWB cost is determined before Gerber Files are
generated. (layers, form factor, pad stack, routing strategy, etc.)

MULTEK
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Communication

The OEM engineers and PWB designers have
worked with the board for weeks/months prior to
sending data to the fabricator.

They know the design very well and tradeoffs and
requirements

recommend OEM gets and runs DRC prior to sending data to
the fabricator (Valor, etc.)

The fabricator, on the other hand, may have 1-3 hours
to absorb the design, make choices of fabrication
processes, and start building the board.

Communication is Critical to success!
Generally it involves clear / concise documentation.



Communication

The front end of the fabrication facility is the most
Important phase of the process for all designs.

The front end prepares the design so it will flow
through the facility with no issues.

Understanding the design before releasing it to
the fabricator Is a critical role of the designer.

Many issues found during the CAM process arise
from issues in the actual design.

Working with applications engineers during the
design process can help alleviate common errors.



Communication

Valuable time can be lost in the front end due to
design related issues resulting in phone calls
and/or emails to the customer.

Checking the design thoroughly and
understanding the fabrication process will help
reduce this CAM to designer interaction.

Understanding your requirements and explaining
them on the fabrication drawing is another way to
reduce front end Issues.

Use ODB++ format to ensure correctness of the
data. Used in majority of fabrication facilities today.



Documentation

Fabrication Drawings
Readme.txt

Gerber Files
Specifications
Purchase Order

Technical Questions (fabricator response to data)

TQ, Change Request, Trouble Report, VDCR, Design Review Notice, DRC
Report, etc.

Trying to learn PWB requirements and resolve issues.



Documentation

Fabrication Drawings

Contains all requirements, or references to documents that contain the
requirements

Specify requirements of the finished board.
Do not dictate processes

Only put each requirementin one location on the fabrication drawing (reduce
risk of conflicting requirements).

Used in fabrication to determine details of the quality checks

Title Block Dimensioned Array
Dimensions and Tolerances Fiducial Locations, etc.
Details

Notes

Impedance Chart (or Note)
Hole Chart



Fabrication Drawings

Title Block

Company Information, Part Number, Board Name, Revision,
Default Tolerances, Dates, etc.

Dimensions and Tolerances
Dimension perimeter of the board
Dimension at least 1 hole to board edge in X & Y dimensions

Tolerances determine acceptability limits. They also may dictate
processes (may impact cost).

Detalls

Mechanical Features: Slots, Beveled Edges, V-Groove, Counter-
bore, etc.

Material Stackup / Cross Section Detail



Detail: Material Stackup

Silkscreen
Soldermask

L1

L2
L3

L4
LS

L6
L7

L8

Soldermask

Plating
0.50z

0.50z
0.50z

0.50z
0.50z

0.50z
0.50z

0.50z
Plating

Silkscreen

UL

(5.3)
(5.0)
6.2)
(5.0)
6.2)
(5.0)

(5.3)

62.0 mils +/- 10%




DFM - Materials

Here Are Five Basic Styles of Glass Cloth / Prepreg Used in the
Manufacture of Printed Wiring Boards, Although Other Styles Are
Becoming Popular Due to Cost, Availability Etc

e NOMINAL Resin E* ] Pure Resin ~3.1 Dk
THICKNESS % Fiberglass ~6.3 Dk

106 ., 0020 69 3.70

1080 T, 0030 62 3.80

2113 N 0040 55 4.00

2116 NG 0050 52 4.10

e2s [ ° 45 43

From the Above Selection, Most Laminate Material Thickness@Can Be
Manufactured by Using Multiples or Combinations of Any Glass Style

Each Combination of Glass Styles Has It's Own Characteristics in Terms of
Dimensional Stability, Fill Characteristics, Processability, and E_

*Based on test data at 1 GHz



Fabrication Drawings

Notes

Below are multiple examples under each category,

please do not put all of them on the same drawing.

Default Specification

Fabricate boards to IPC 6011/6012 (latest revision) Class 2, inspect to IPC-A-
600 (latest revision), Class 2 unless otherwise specified.

Fabricate boards to XYZ Corporation Specification A53920-0065, Rev 5 unless
otherwise specified.

(if specify “latest revision”, be sure that your company has a process to update
fabricators with new revisions as they are released.)

(this specification should list IPC6011/6012 Class 2 with Revision as the default
specification unless otherwise noted (list company specification name and number).
Then only specify those requirements that are different than IPC6011/6012 Class 2.)
(this will allow you to increase the IPC revision without changing all your prints.

However it will prevent the new IPC revision requirements from immediately applying to
all your boards until after your review and update to your company specification.)



Fabrication Drawings

Notes

Material:
Material to be FR4 epoxy glass laminate per IPC4101/24. Must meet
flammability requirements of UL94-VO0.
Material per cross section (Detail X).

Material to be Phenolic-cured epoxy (N4000-11, TUC722-7, PCL370HR, or
equivalent). Boards are to be RoHS compliant and are intended to be
assembled using maximum reflow temperature of 260C.

Surface Finish:

Surface Finish to be 2 to 10 microinches of Immersion Gold over 100
microinches minimum Electroless Nickel.
Surface Finish to be 3 to 20 microinches Immersion Silver with selective areas

plated with 20 microinches minimum electrolytic hard gold over 100
microinches minimum electrolytic nickel (defined by GoldMask.top &

GoldMask.btm).

Surface Finish to be Organic Solderability Preservative (Entek 106AXHT or
equiv.)



Fabrication Drawings

Notes

UL Logo and other markings:
Place Vendor UL marking and date code in etch on (component / solder side)
use flag note.

Soldermask:

Apply soldermask top and bottom. Color: Green.

LPI Soldermask top and bottom per IPC-SM-840 Class T or H, Color: Green.
Adjustments may be made to apertures to meet specification (3 mil per side
modification maximum.).

Via Plugging/Filling:

Via Cap all vias covered with no opening in SMtop.art with secondary
application of soldermask from the top side. (many variations of soldermask
plugging processes, check with supplier)

Fill vias with 100% solids non-conductive epoxy (SAN-EIPHP900-MB15,
Peters PP2795, etc.) and plate over with copper and surface finish for holes
identified in ViaFill.art. Other vias may also be filled at fabricator discretion.



Fabrication Drawings

Notes

Silkscreen:
Silkscreen: White, top and bottom.
Silkscreen: White non-conductive epoxy ink top and bottom. Fabricator to clip
silkscreen layers to ensure no ink on exposed conductors (SMT pads, etc.).
Electrical Test:

All boards to be 100% electrically tested to supplied netlist.

Continuity test 100% for opens and shorts per supplied netlist. Mark boards
passing continuity test with non-conductive ink stamp next to UL logo and date
code.

Thieving:
Pad patterns may be added to external layers as plating thieves and/or internal

layers to assistin low pressure areas. The following restrictions apply:

The pattern shall not be closer than 0.100” to any existing feature (hole, traces, pads,
board outline, etc.)

Pad patterns may not be added to areas above splits in adjacent plane layers.

Pad patterns may not be added to areas wehre there are conductors on adjacent signal
layers (applies to all signal layers between each set of planes.).



Plating thieves, robbers, pad patterns, etc.

(Plating Distribution)

Good Distribution Poor Distribution



Plating thieves, robbers, pad patterns, etc.

Isolated Differential Traces

—>  Artwork width «—

Plating will “mushroom” over wall of the photoresist
causing the photoresist to “lock-in” which produces shorts
at electrical test.



Board Layout - Yield Driver

Open areas on signal layers cause plating/etching

issues



Board Layout - Yield Driver

Typical Thieving
Pattern

0.050 square
0.100 spacing

Thieving pattern added — better control of circuit pattern
during plating



Fabrication Drawings

Notes

Board Thickness:
Board thickness = 0.062” +/-10% measured over copper and soldermask

Board thickness per cross section (Detail X)

Impedance (unique aperatures for each requirement):
Layers 1 & 8: 5.00 mil traces to be 50 ohms +/-10%
Layers 3 & 6: 5.00 mil traces to be 50 ohms +/-10%
Layers 3 & 6: 4.99 mil traces to be 100 ohm differential +/-10%

Supplier may alter trace width and dielectric thicknesses to achieve
Impedance requirements per Table A.

(an impedance table is a common way to specify impedance requirements.

Only listimpedance requirements in one location on the drawing. Pick a
method and stick withit.)



Fabrication Drawings

Impedance (cont).

Signal Layer Reference Layer Impedance Requirement Trace Width | Trace Spacing
(ohms)
1,&12 (2), & (11) 50 ohms +/-10% 0.0075" NA
1,&12 (2), & (11) 100 ohms +/-10% 0.0069" 0.0081"
3,5,8,&10 (2&4), (4&6), (7&9), | 50 ohms +/-10% 0.005"
& (9&11)
3,5,8,&10 (2&4), (4&6), (7&9), | 100 ohms +/-10% 0.0049" 0.0071"
& (9&11)




Fabrication Drawings

Drill Information

Drill Chart

Misc notes relating to press fit connectors if required (ie: drill diameter,
etc.)

Label Drill Chart with layer information (ie: through vias, blind vias L1-L3,
etc.)

One chart for each Layer set.



Fabrication Drawings

Drill Chart: Through holes L1 thru L8
Symbol Nominal FHS | Tolerance Plated (Y/N) Quantity
(mils) (mils)

+ 12 +3/-12 Y (vias) 15234
A 24 +/- 2 Y (pressfit) 340
B 26 +/- 3 Y 54
C 35 +/- 3 Y 80
D 60 +/- 3 Y 58
E 150 +/- 3 Y 6
F 125 +/- 3 N 4
G 150 +/- 3 N 2
H 250 +/- 3 N 9




Documentation

Readme.txt

Contact Information
who to contact if there are issues with the data transfer
who to contact for order information
who to contact for design / technical issues

List of File names and their purpose
Fabrication Drawing
Gerber Layers (copper layers, silkscreen, soldermask, etc.)
Drill Files (output to same accuracy as Gerber Layers. 2.4, 2.5, etc.)
Drill report (list of diameters, quantity, etc.)
Board Profile
Aperature List (if not embedded apertures)
Etc.



Documentation

Readme.txt (cont)

Netlist known issues

If the CAD system always messes up on certain items, list them in the
readme.txt file so fabricator knows they aren’t problems.

AGND intended to be connected to DGND
Layer Merge instructions (if applicable)
Part Number and Revision



Documentation

Gerber Files

One file for each copper layer (innerlayer and outerlayers)
Soldermask layers

Silkscreen layers

Drill Files

Readme.txt file

Netlist

Aperture list (if applicable, prefer embedded aperatures).
Format: Prefer ODB++, RS274X, etc.



Documentation

Specifications
Company specifications
IPC specifications
Packaging instructions



Documentation

Technical Questions

Fabricator method to gain clarification or changes to data or requirements

Designer should provide “clean” data and not expect fabricator to do the
design quality checks. Causes delays.

Don’t rely on email communication alone.



Materials / ROHS

Material selection may have geographic implications

Materials used for prototypes in North America may not be available at
reasonable costs in Europe, China, or Brazil.
Economics drive the availability.
PWB Engineers / Designers have little influence over the worldwide
economy.
PWB Engineers / Designers do have influence over the material selection
Allow multiple sources of materials
ie: N4000-11, PCL370HR, 1S410, TUC722-7, EMC320, etc.
Supplier’'s market focus
Prototype: trade off increases in cost for reductionin time
Production: trade off increases in time for reduction in cost



Materials / ROHS

Supplier Materials Location

TUC TUC722-7 Taiwan

Isola 1S410 North America

Nelco N4000-11 Europe, North America
Isola (Polyclad) PCL370HR North America

EMC EMC320 China

Matsushita MEM1755C China, Japan

Examples of Phenolic Cured Epoxy Systems



Materials / ROHS

RoHS Compliant versus RoHS compatible

Compliance for fabricators is a simple issue: Just don’t use materials with
the banned substances.
No Sn-Pb HASL as a surface finish, etc.

No PBB or PBDE in dielectric materials, etc.

Compatiblity for fabricators is more difficult, however there are options.

Boils down to the number of thermal cycles and the duration of those thermal
cycles the PWB will be exposed to during assembly and board life.

Compliance and Compatibilty for PWB assemblers and OEMSs is much
more difficult.



Multek Lead Free Evaluation Strategy

2002 - 2004

PHASE |
Europe

Focus Multek Europe

Results:

Study on high performance laminates
Studies on AATC

Studies on Repeated Reflow (for high
layer-count PCB)

Short list of lead free material options

Thick and large PCB’s
3mm and up / 26 layer and up
High Performance Laminates
Tg 130 — 200
Phenolic vs. Dicy Cured Systems
Low loss materials
Reflow simulation
De-lamination Resistance
Reliability
IST
AATC
Thermal Mechanical Data
Decomposition
Tg
CTE
Electrical Performance (bulk

properties)

Dielectric Constant Dk
Loss Df




Multek Evaluation Strategy

2003 - 2004

PHASE |
ASIA

Focus Multek Asia

Results:

Studies on Surface Finishes

Studies on CAF Resistance

Studies on Repeated Reflow (12-18layer)
Studies on commonly used materials

Design Guideline Rev A for Asia factories

Lead free surface finishes
Immersion Sn
Immersion Ag
OSP Entek 106 AX HT
Tamura / Glicoat
Conductive Anodic Filament
CAF Resistance as a function of
Materials
Glass Suppliers
Number of reflow cycles
Reflow profile
Processing parameters
Material Compatibility to Leadfree
RCF
Soldermask (s)
Nomenclature

All other common laminate materials in
production




Multek Evaluation Strategy

2005

PHASE II
Multek

Main Testing Attributes

Results:

Common Material Selection
Common Test Vehicle
Common Test Plan
Common Material Set
Final List of Material Choices

Low Tg

High Tg

Low Loss
Design Guideline Rev. B

PCB Processing
Pressing
Drilling
etc.
Delamination Resistance
Repeated Reflow at 260 C
Reliability
IST performance
AATC Performance
LLTS Performance
CAF Performance
Signal Integrity
Thermal Mechanical Properties
Tg
Td
CTE




Confidentiality

This presentation contains substantial work and knowledge that has
been generated within Multek worldwide over the last 3 + years

Multek wants to share this information but also be sensitive to our
established relationships with
Customers
Suppliers
Competitors
Consortia® etc.

Therefore we are neither going to show supplier names nor supplier
materials

We are however more than happy to have follow up sessions or one

on one discussions with interested parties to go into depth at agreed
upon times

PLEASE UNDERSTAND AND RESPECT THIS POLICY
THANK YOU




lll. Tested materials — Low and High Tg

Material A-A* A-B A-C A-D A-E A-F A-G A-H A-l A-J
Location World USA Asia Asia World USA Asia Asia Asia World
Resin Epoxy/ Epoxy/ Epoxy/ Epoxy/ Epoxy/ Epoxy/ Epoxy/ Epoxy/ Epoxy/ Epoxy/
Dicy Novolac Novolac Novolac Novolac Anhydride | Novolac Novolac BT Novolac
Filler no yes no yes yes no no yes yes yes
Filler type Inorganic Inorganic Inorganic Inorganic Inorganic
Tg DSC °C 180 >175 175 180 180 135
TMA °C 170 170 165 190 1704175 220
DMA | °C 185 173-183 230
CTE pp
m/
1 K 45 50-60 35-45 35-40 48
pp
m/
2 K 230 200-300 180240 150200 260
z-axisexpansion | % 3,8 3,2 3,5 2,8
Td TGA °C 300 360 330 350 350 370 340-360 340-360 364
DK 1MHz 4,3 4,3 4.7 4,8 4.7 4.7
1GHz 4,1 4,1 4.4 4,6 4,5 3,7-3,8 4,2-4,3 4,3-4,5 4,3 4,2-4,7
Df 1MHz 0,023 0,016 0,023 0,018 0,016 0,015
0,01-
1GHz 0,015 0,016-0,02 0,014 0,014 0,017 0,017 0,020 0,015 0,011 0,015

* Multek Germany standard material

Values taken from vendor data sheets




IIl. Tested materials — Low Loss, High Speed
Material B-A* B-B B-C B-D B-F B-G
Location USA USA USA USA Asia Asia

Resin CyanateEster/ | CyanateEster/ BT/Epoxy BT/Epoxy CyanateEster/ PPO
Epoxy Epoxy Epoxy
Filler no no yes no no no
Filler Type Inorganic
Tg DSC °C 210 190 215 180
TMA °C 200 180 185-190
DMA °C 240 210 225-245 210
CTE 1 ppm/K 50-55 45
2 ppm/K 280-300
z-axis expansion % 3,5 3,6 2,3 2,5
Td TGA °C 350 350 353 330
DK 1GHz 35-39 35-37 3,60 3,5 3,45 3,45
5GHz 35-39 35-37 3,74 3,7 3,46 3,50
Df 1GHz 0.08 0,008-0,006 0,0083 0,010 0,005 0,004
5GHz 0.08 0,008-0,006 0,0085 0,006 0,005

* Multek Germany/ China standard material

Values taken from vendor data sheets




V. Test Vehicle

Number of layers: 26
Thickness: 3.2 mm

Prepreg:

*Two ply construction

«106 and 1080 glass

*High resin content (65 — 70 %)

Core layers:
3 mil H/H oz

2.5 mil 2/2 oz
2.5 mil 2/1 oz

Surface finish:
Immersion silver (coupons)
ENIG (signal integrity coupon)

Top 1
prepreg
pin 2
core
sig 3
prepreg
pin 4
core
sig 5
prepreg
pin 6
core
sig 7
prepreg
pin 8
core
pin+ 9
prepreg
pin 10
core
pin 11
prepreg
pin 12
core
pin 13
prepreg
pln 14
core
pin 15
prepreg
pin+ 16
core
pln 17
prepreg
sig 18
core
pin 19
prepreg
sig 20
core
pin 21
prepreg
sig 22
core
pin 23
prepreg
sig 24
core
pin 25
prepreg
Bot

COMPONENT

PWR/G ND

SIGNAL

PWRI/G ND

SIGNAL

PWR/G ND

SIGNAL

PWR/G ND

PWRI/G ND

PWRI/G ND

PWR/G ND

PWR/G ND

PWR/G ND

PWR/G ND

PWR/G ND

PWR/G ND

PWRI/G ND

SIGNAL

PWR/G ND

SIGNAL

PWR/G ND

SIGNAL

PWR/G ND

SIGNAL

PWR/G ND

3milH/H

3milH/H

3milH/H

25mil /2

25mil 22

25mil 22

25mil 22

25mil 1/2

3milH/H

3milH/H

3milH/H

3milH/H

65.5-70.5715-765

TBD

65.570.5715-765

61,4

65.570.5715-765

61,4

65.5-70.5715-765

SH5N7

71.5765

55,7

71.5765

55,7

71.5765

55,7

71.5765

55,7

65.570.5715-765

61,4

65.5-70.5715-765

61,4

65.570.5715-765

61,4

65.570.5715-765

61,4

65.5-70.5715-765

1080 & 106

1080

1080 & 106

1080

1080 & 106

1080

1080 & 106

1080

2x106

1080

2x106

1080

2x106

1080

2x106

1080

1080 & 106

1080

1080 & 106

1080

1080 & 106

1080

1080 & 106

1080

1080 & 106

385

39

385

39

385

39

385

3,8

3,8

3,8

3,8

385

39

385

39

385

39

385

39

385




weight loss [%]

V. Testing - TGA Analysis

Dynamic measurement curve for various materials (heat up rate 10 °C/ min)
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VI. Recommendation — Low Tg, High Tg

Preferred Materials — T peak = 260 C peak @ 6 reflow

Supplier H E C B C J
Production Asia World Asia World Asia World
Location
Type (all A-H A-E A-C A-B A-L A-J
phenolic)
Designation | High Tg High Tg High Tg High Tg Low Tg Low Tg
Layer count | Any Any <26 <26 <16 <16
Thickness | Thickness | Thickness | Thickness
to be to be to be to be
watched watched | \atched | watched
Comments Default Backup Default Backup Default Backup
Anti CAF High High Standard | Anti CAF
Highest reliability | Reliability Reliability
Reliability

Main Production Locations: Germany, Brazil, Asia




VI. Recommendation — Low Loss, High Speed

Preferred Materials — T peak = 260 C peak @ 6 reflow

Supplier B F |

Production Location World Asia Asia

Type B-B B-F A-1

Designation High Tg High Tg High Tg

Low Loss Very Low Moderate loss
Loss

Layer count Any Any Any

Comments Default Backup High end
reliability
only

Main Production Locations: Germany, Asia




VIIl. Testing Summary |

Multek has studied in excess of 25 new materials
In Germany and in China

Multek has studied 15 + existing materials in use
Low Tg, High Tg, Low Loss, High Loss
Filled, Unfilled
Established, newly released, experimental
Dicy, Phenolic, BT, PPO etc
Low cost, high cost, low quality, high quality..
From sources in Europe, US, Asia

From “knowledgeable” companies , “not so
knowledgeable” companies




VIIl. Testing Summary Il — What did we learn?

CTE (el and € 2) does have a significant influence on
lead free compatibility and reliability performance

Weight loss/ Degradation between 200 C and 300 C
significantly affects survival at repeated thermal reflow

Within the same “resin family” significant difference could
be observed in lead free compatibility and thermal reliability.

Process windows for key processes are tighter than on
today’s materials. Optimized process conditions are critical
to withstand repeated reflow (variability)

CAF performance has been extremely worrisome with
lots of need for additional work — some do work!!




VII. Testing Summary Il

Multek has established test vehicles, test
protocols and a baseline for future evaluations

Multek’s testing protocol has identified clear
choices for different application spaces
Normal loss, Low Loss, Low, Medium, High Reliability
Combinations thereof

Multek can offer a suite of different lead free
compatible materials fitting YOUR application

Multek can offer this in aworld wide footprint
China, Brazil, Germany




VIIl. Testing Summary IV - Caution

All testing that has been done is based on the
TV’s and conditions shown Iin this presentation

Using other TV’s and test conditions most likely
will result in different results

So materials that have been disqualified by
Multek, may still do well in certain applications and
under certain test and process conditions

The preferred material selection process was not
only based on Multek’s technical data but also
economic considerations




Materials / ROHS

Be aware of worldwide availability of various raw materials
Allow multiple materials whenever possible

Select materials that have been tested for compatibility with Lead-free
assembly processes



WHY IS IMPEDANCE IMPORTANT?

Impedance is basically resistance which is affected by capacitance
and inductance changes with high frequencies.

Any discontinuity along a signal path will cause reflections.
Reflections reduce the amount of power reaching a receiver

and may create ringing along the circuit. These signal degradations
can cause systems to malfunction due to missed or false signals.

As Printed Circuit Boards become faster, the matching of the trace
Impedance to the sending or receiving devices becomes more and

more important.



Replacing a Good Part With Another Good Part Fixes Problem

Switching to a new “Die Shrink” component and the PCB no longer functions
properly.

Heating or Cooling the PCB sometimes Induces or Cures Problems

A Selected Set of PCB’S Work Together, but Not With Other PCB’S.
System Works With a PCB in One Backplane Slot, but Not Another.

Modest Changes in Power Supply Voltages Induce Problems.

Reflections Occur at Impedance Discontinuities

Typical Discontinuities Are:

Changes in Trace Widths Connector Transitions
Improperly Matched Terminations Changes in Trace Height
Lack of Terminations Stubs

Large Power Plane Discontinuities Loads



PRACTICAL RANGE OF PCB
PHYSICAL PARAMETERS

%  IMPEDANCE 25 - 100 OHMS + 10% *
Y DIELECTRIC CONSTANT 4.0 - 4.8 (FR-4)

Y TRACE WIDTHS 3 - 25 MILS

sk DIELECTRIC THICKNESS 2 - 122 MILS

*<+/-10%is design dependent



IMPEDANCE - TYPES

Single Mode Even Mode Differential Odd Mode Differential

Single Mode (Z, ) - Single Ended Transmission Line.



CONTROLLED IMPEDANCE
CONFIGURATIONS AND THEIR

DESIGNATIONS

(single-ended) PCB Surface

| —

I
MICROSTRIP

EMBEDDED MICROSTRIP

2 . < 2
= =

SINGLE STRIPLINE
DUAL STRIPLINE



Controlled Impedance Equations

Rule of Thumb (R.O.T.)
(Known transmission line test structures with feedback results)

Analytical Equations
(MECL Formulas)

Analytical Equations (that incl ude 2" and 3" order effects)
(In-depth equations that incl ude more than just the MECL formul ae)

2D Field Solver

(Methods of Moments (MOM), Boundary Elements (BEM),
Spectral Domai n, Differential Equations - Finite Element (FEM)

and Finite Difference)

3D Field Solver
(Additional structures such asvias)



IMPEDANCE - TYPES

Single Mode Even Mode Differential Odd Mode Differential

Odd Mode Differential (Zom ) - Signals are sent complimentary.
The currents and voltages are opposites.

We are most familiar with a balanced differential system of Z
Zyitt = 2 X Lo



DFM, Layout, and Tools

Design and Layout:

Proper trace to trace spacing for correct Impedance. (Trace/Space/Trace)

This requires customer discussions at RFQ stage.

At Layout, separate the Diff Pairs by giving them a separate aperture
This allows the fabricator the ability to modify the single ended and
differential pairs independently.

CAM and Tooling:

Differential Coupons have two signal traces side by side. They are to have the
identical linewidth and spacing as the PCB. The coupon is to have the same
circuit geometry as the PCB. Signal-Signal, Plane-Plane. The pitch between
trace to trace must be maintained.

(i.,e., .005” LW and .009” Space is .014” pitch. And so is .004”/.010")

Any modifications of any trace routing of diff pairs needs the customers
approval.



PCB THICKNESS
CONTROL

Since many dielectric thickness’ are locked in based on tracewidth and impedance
requirements, try to have at least one dielectric area within the stack-up that allows
adjustments in the overall PCB thickness. (Adjacent reference planes are the optimum

location.)

PWB SURFACE ,——
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CRITICAL
DIELECTRICS

USE TO ADJUST OVERALL PWB THICKNESS ) NON i CRITICAL

CRITICAL
DIELECTRICS

PWB SURFACE



D
(g
-5
Q

M
o

ypica ed%mﬁedaﬂce—s{aekj




RELATIVE DIELECTRIC CONSTANT Er’ (Material Type)

PCB STACKUP INCLUDING COPPER THICKNESS’
(ALSO LYR TYPES i.e., Sig/PIn/Sig/Sig/PIn/Sig)

TRACE WIDTH AND SPACING (tightly coupled diff. pairs)

TARGET IMPEDANCE AND TOLERANCES
(ON WHICH LYRS)

OVERALL BOARD THICKNESS AND TOLERANCE

TYPE OF TRANSMISSION LINE
(i.e., Microstrip, Stripline...etc.)

LEADTIME - TURN AROUND (MATERIAL AVAILABILITY)

ANY OTHER SPECIAL CONSIDERATIONS
(i.e., dielectrics, multiple impedance’s on the same lyr,...etc.)



Multek Offers All Important LF Finishes

OSP

OSP / ENIG
Immersion Ag
Immersion Sn
ENIG

Plated NI Au




Organic Surface Preservative - OSP

Advantages Disadvantages
Flat, coplanar pads Limited heat cycle capability
Re-workable by PCB supplier Newer developments better
Cheap & simple process PCBA process control critical

Having exposed Cu after PCBA

Short and easy to control tVITR _
In Circuit Test (ICT) is a concern

process
High reliability for SAC based But also true today

solder joints In Circuit Test pins cut through
High temperature OSP’s are organics leaving residues on test
available probes

No additional investment over Handling sensitive

today Overall “tighter” process window

for assembly provider




Immersion Silver — | Ag

Advantages
Flat, coplanar pads
Consistent coating thickness

Withstands multiple heat
cycles

Good shelf life

Best wet ability of all
alternatives

Easy to repair (PCBA)

High solder joint reliability with
Cu Sn inter-metallic

Easy to probe at ICT

Relatively simple process at
PCB manufacturing
Can be reworked

Disadvantages

Adjustments necessary for
press fit technology (high friction
coefficient)

Anti-tarnishing is critical to
control
Likes to build oxides
Issues with process interruptions
Likes to diffuses (and migrate)
Potential issues with pvoids
(“champagne” voids)
s it really solved??
Very handling sensitive
Color and look




Immersion Tin — | Sn

Advantages

Flat, coplanar pads

Very easy solder able

High reliability with Cu Sn IMC
Works well at ICT

Same metal as CuSnAg alloy
(does not change alloy ratio
much)

Well suited and proven for
press fit technology

Relatively inexpensive

Disadvantages

Anti-tarnishing is critical to
control

Rinsing is highly critical
Likes to build oxides
Diffuses into the copper
Exposed Cu
Color and look
Grows inter-metallic (0.1um/2

months) at RT and with every
heat cycle

Fewer heat cycles possible than
| Ag due to IM growth

Fear of Sn Whiskers (perception
only)




Electroless Nickel Immersion Gold - ENIG

Advantages
Flat planar pads

Withstands multiple heat
cycles

Long shelf life
Easily solder able

Easy to repair on PCBA
Multiple repair possible

No exposed copper
High barrel reliability
Easy to use for ICT

Not handling sensitive
No additional investment
Wide process window

Disadvantages

Expensive (gold is on record
high)

Process is difficult to control
(PCB)

Black pad potential

Brittle Fracture for BGA type
packages (under mechanical load)

May not be suited for high speed
signals (skin effect)

Adjustments necessary for Press
Fit technology

Great concerns with Ni inter-
metallic interface and reliability on
SAC solders (mechanical load)




Electroplated Gold on Nickel — Plated Ni Au

Advantages

Flat, coplanar pads
Very easy solder able
Works well at ICT

Very high barrel reliability
(PCB)

Very easy to rework (PCBA)
Very long shelf life

Long and proven track record
for high end products

Disadvantages

Limitation is aspect ratio
10:1 max
Limitation in line spacing at
about 4-5 mil (100-125 pum)
Gold is expensive
Recent great concerns with
reliability
Lower joint strength using SAC
alloys compared to OSP
Inter-metallic phase fractures
Sporadic in nature

Problem is not yet well
understood

Not so widely available in the
Industry




Conclusion Finish |

There is no SINGLE perfect finish that “fits all”
Finishes should be selected based on
specific product application (OEM-EMS key)
US market tends to favor | Ag (larger and
thicker boards)
EU tends to favor | Sn (smaller and thinner
boards)
Handhelds prefer OSP/ENIG
OSP is used in all product application areas
All other finishes will be niche




“Standard” or not so standard.

Board thickness: 0.062”, 0.093”, 0.125", etc.

Core vs Foil construction (Foil is standard)

HASL - not so standard

Microvias - standard

ZBC - standard

Worldwide sources of materials - standard
Lead-free assembly - becoming the standard

High Tg FR4 (dicy) - becoming less standard
Phenolic cured FR4 epoxy - becoming the standard






Thank You
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