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The Problem : Potential Issues Caused By 
Pb –Free SMT Reflow 


Internal & Surface Delamination CAF Failure 


Thru Hole Plating Failure Pad Cratering 


These issues are more acute at higher peak reflow temperatures 







Pb-Free Board Materials Reliability 


Goal 


Assess the impact of the Pb-Free soldering process 


on latest generation of PWB laminates. 


•Focus on suitability for high layer count / high 


thermal mass board design applications in which 
board surface could see temperatures up to 260° C 


peak reflow temperature. 


•Fine tune the testing process between consecutive 


phases 


•Select recently launched or about to be launched 


materials 
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Project History 
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• 56 materials tested to date. More planned. 


• Phase1 completed 2008 – 23 laminates 


• Phase 2 completed 2011 – 20 laminates 


• Phase 3 completed  Q1 2014– 13 laminates 


• Phase 4 commenced 2013 – 12 laminates  







Overview 


• 12 laminate/pre-preg materials to be evaluated 


• MRT-5 TV,  20 layer construction, 2 different resin contents. 


– Standard Resin 
• Laminate -  1 sheet 2116 glass cloth - 53% resin content. 


• Pre-preg – 1 sheet 1080 glass cloth – 62% resin content. 


– High Resin 
• Laminate -  2 sheets 106 glass cloth - 71% resin content. 


• Pre-preg – 1 sheet 1080 glass cloth – 67% resin content 


• 6 x SMT reflow cycles preconditioning at 260°C peak (50% of 


samples) 


• Test plan same as phases 2 and 3  
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Why 260°C  and why 6 Cycles? 


Why 260°C? 


• Our OEM members needed to know the impact of Pb-free 


reflow on complex, high reliability infrastructure products 


(currently ROHS exempt but transitioning to PB Free shortly). 


• These products typically are thick multi-layer with densely 


packed components including large ceramic devices. 


• Achieving sufficient reflow temperatures (235°C) at the higher 


thermal mass components results in areas of the board seeing 
temperatures up to 260°C 


Why 6 cycles? 


• These boards typically are double sided SMT, often with 


additional wave soldering requirements. Furthermore, they are 


very expensive and therefore the ability to replace defective 


components is vital.  6 reflow cycles simulates a worst case 


scenario that a board of this type is likely to see. 
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Project Benefits 


For the OEM: 


• A direct comparison of the performance of a large range of laminates 


allowing designers to select (or shortlist) the best materials for specific 


product requirements. 


• Unique test data on how materials perform under higher SMT reflow 


temperatures (260°C peak) typically needed for high layer, densely 


populated, high reliability products. 


• Independent testing specified by HDP OEM members and appropriate 


to current product qualification demands. 


 


For the material contributor: 


• An opportunity to showcase materials and demonstrate how they 


perform against other suppliers’ materials. 


• Extensive independent  test data that can be used to enhance in 


house qualification data.  


• A chance to rank laminate performance against competition for each 


type of test performed and identify product strengths and weaknesses 







Final Material List 


FR4 


• Shengyi S1000-2M 


 


Semi-Hi Speed 


• TUC TU865   


 


Tier II Hi-Speed 


• Hitachi MCL-HE-679G(S)   


• Nanya NP-170D   


• EMC EM-888   


  


 


 


Tier III Hi-Speed 


• TUC TU-883  


• Shengyi S7439   


• ITEQ IT-968 


• EMC EM-891 


 


Tier IV Hi-Speed 


• Panasonic Meg7   


• TUC TU-933  


• Hitachi LW-990G 
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Several materials selected that are not expected to have UL approval 


until early 2014. 


Viasystems will work with each material supplier to optimize  board 


fabrication processes. 







Test Vehicle Sections 


 


Through hole via pitches – 1.0mm 


and 0.8mm 


 


7 sections on Test Vehicle 
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Pb-Free PWB Materials Reliability 
Test Program 
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Fabricate Boards 
Viasystems 


Thermal Analysis  – 1 panel 
Viasystems  


Separate Into Individual 
coupons 


Pad cratering /Pull Testing 
Universal 


S-Parameter Testing 
Intel  


IST Analysis 
PWB Interconnect 


CAF Testing 
Microtek Labs /Viasystems 


DSC Testing 
TTM Meadville  


WIC 20  Testing 
Alcatel-Lucent 


Reflow 
6 X @ 260C 


Separate Into Individual 
coupons 


Pad cratering /Pull Testing 
Universal 


IST Analysis 
PWB Interconnect  


CAF Testing 
Microtek Labs /Viasystems 


DSC Testing 
TTM Meadville 


DELAM Measurements 
PWB Interconnect 


Reflow: 6 X @ 260°C 
Celestica 


Thermal Analysis    
Viasystems  


DMA Testing 
Oracle – PWB Interconnect 


DMA Testing 
Oracle – PWB Interconnect 







Project Schedule 
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Project Task Plan 


Test Board Fabrication 15-Jul-14 


Pre-Conditioning / DELAM testing 13-Oct-14 


WIC 20 testing 13-Oct-14 


S-Parameter testing 27-Oct-14 


Thermal Stress Testing 18-Nov-14 


Pad Pull Testing 18-Nov-14 


CAF testing   (CAF Coupons) 25-Jan-15 


CAF testing   (IST Coupons) 1-Feb-15 


Thermal Anaysis 1-Feb-15 


IST testing 3-Mar-15 


Final Report  2-Apr-15 







Project Participants 


• Alcatel-Lucent 


• Celestica 


• Ciena 


• Curtiss Wright 


• EMC 


• Hitachi 


• IBM 


• Intel 


• Isola 


 


• ITEQ 


• Multek 


• Oracle 


• Panasonic 


• PWB Interconnect 


• Shengyi 


• TTM Meadville 


• TUC 


• Viasystems 
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Impact of PWB Design on 


Pb-Free SMT Reflow 


Induced Material Damage  


Project Leader : John Wilson, IBM 


Project Facilitator : Brian Smith, HDP User Group 
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Background for Project 


• In our 3 previous Pb-free materials reliability projects, we 


have found that the pitch of through hole vias plays a major 


role in the Pb-free assembly survivability of a material  


0.8mm significantly worse than 1.0mm pitch.  


• We also know from previous testing (ALU and others) that 


board thickness/layer count/resin content (all of these affect 


the Z-axis expansion of the boards) are also key variables 


in the Pb-free assembly survivability. 


• There has also been some limited data that suggests more 


plane layers in the center of the board adversely affects 


material survivability. (Some of this may be related to Cu 


weight also.) 
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Testing conducted by PWB 


Interconnect Solutions using    


Dielectric Estimation Laminate 


Assessment Method (DELAM) 


 


15 out of 24 material cells exhibit 


damage on 0.032”/0.8 mm coupon 


  5 out of 24 material cells exhibit 


damage on 0.040”/1 mm coupon  


  Capacitance results correlate 


with cross-section analysis.    


Capacitance measurement is a 


valuable tool to detect internal 


damage 


   3 cells w visual damage 


  15 cells w capacitance 


change 


Visual inspection alone is 


unreliable to detect damage. 


Capacitance through Reflow 







Project Goals 


• Provide data quantifying the effect of via pitch on Pb-free 


survivability 


• Provide quantitative data on the effect of 


thickness/layers/resin content to a “lower complexity” based 


on materials that have already shown limitations in more 


complex constructions. 


• Evaluate the effect of more central plane layers in the 


design. 


• Further evaluate the specific materials to identify their 


limits.  


• Provide additional data to IPC and material suppliers to 


better drive requirements for material evaluation and test.  
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Project Goal and Scope 


Goal 


Quantify the impact of board design on the 


survivability (resistance to delamination) of PWBs 


through the Pb-Free SMT process. 


 


Scope 
– Focus on ‘hot reflow’ cycles. 260°C peak 


temperatures. 


– Evaluate selected materials that exhibited some 


delamination in phase 3 of PWB materials reliability 


project. 


– Use a modified version of the MRT-5 test vehicle as 


used in PWB materials reliability project. 
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Project Details 


– Quantify the effect of pitch 
– Add 0.9, 0.7, and 0.65mm pitch IST coupons in the place 


of the current S-parameter section. 


– ATC  section rotated and truncated – for cross-sections 


and material analysis only (TMA, DMA, DSC, etc.) 


– Primary Focus on the DELAM testing 


 


Quantify the effect of central plane layers 


– Two “special” IST coupon designs (1mm or 0.8mm pitch) 


where more plane layers are added central to the design 


(4, and 6 planes rather than just 2 in current design) 
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Project Details 


Quantify the effect of thickness/layers in 


conjunction with pitch 


– Build 12 and 16 layer versions (previously described) 


and the 20 layer 58% Resin content construction 


(repeat build) 


– Use materials we already have data on at 20 layer 


constructions (that passed at 1mm pitch, failed at 0.8 


mm pitch) 
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We have a large amount of data associated with 
the MRT test vehicle and any testing beyond this 
should use this as the starting point/baseline.  


 


– Testing to date on two 20 layer constructions (.116-
.118” thick, 58% and 69% resin content) 


– MRT test vehicle designed to also support a 12 layer, 
.093” thick, 50% resin content  construction (remove 
layers 6-9 and 12-15) 


– Design can also support a 16 layer construction 
(remove layers 8,9,12 and 13) – target .105” thick, 
54% 


 


This approach ensures we are comparing 
material constructions, not test vehicle designs.  
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Test Vehicle Constructions 







Modified MRT-5 for Part 1 - Proposed 


Add 5 additional IST coupons 
Original 2 IST coupons 


ATC section rotated and 


truncated (for material test 


data and crossections) 
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Part 1 Proposed Materials 


• Proposed materials are: ITEQ IT-180i , Shengyi 


S7038 , TU-872SLK 


– Materials selected as they exhibited sensitivity to via 


pitch and  resin content during testing. 


– Total of 9 builds 12,16, 20 layer for each of 3 materials. 


– 10 test boards per build. 


 


• Can also evaluate WIC-20, CAF, Material 


properties depending on project interest/support.  


– Primary focus of this is Pb-free survivability testing 
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Project Resources  


• Design new IST Coupons (PWB Interconnect Solutions) 


• Finalize material selection (Team) 


• Finalize 16 layer stack up (ALU) 


• Modify working artwork– placing in new IST coupons – at 


CAM (PWB Interconnect / Alcatel-Lucent) 


• Provide materials (Shengyi, ITEQ, TUC) 


• Build Modified  MRT-5 Test Boards (TBD) 


• 6X Reflow Assembly (Celestica) 


• Delam (PWB Interconnect Solutions) 


• WIC-20,(TBC) 


• CAF Testing (If required) – PWB Interconnect  
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Optical Interconnect Project 


Phase 2  
Brice Achkir/ Cisco and M.Immonen/ TTM 


 


Feb 26th, 2014 


Member Meeting ** San Jose** California 
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Outline 


• HDP Optical Interconnect Project Phase 1 


• Overview 


 


• HDP Optical Interconnect Project Phase 2 


• Definition and Directions 
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Outline 


• HDP Optical Interconnect Project Phase 1 


• Outlook and Summary 


 


• HDP Optical Interconnect Project Phase 2 


• Definition and Directions 
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Optical Interconnection Model 
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Interconnection Model 


1 1 


2 


Terminology 


1. Chip-to-Waveguide Connector 


2. On-Card Link 


3. Card-to-Backplane Connector 


4. Card-to-Card Link 


5. Chip-to-Chip/Module Link 


 


6. Logic Chip (PU, SU, FPGA) 


7. Optical Transceiver (E/O/E) 


8. Card (Line Card, Switch Card) 


9. Backplane/ Midplane 


10. Chip/Module 
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Description : TV1 (Phase 1) 


• TV1 comprise of three distinct test vehicles used to verify design 


parameters and connectivity options for practical applications and 


Phase II demonstrator 


• Two PCB design variants –  


• Small mixed signal PCB 8” (Waveguide/Copper)  


• Large 12”x18” PCB Backplane (Copper only)  


• Two universal paddle card designs to test electrical end-to-end 


link parameters (provided by Cisco) 


• Optical testing via externally launched test source and fiber-optic 


ribbons (passive optical test board) 


• Multimode λ = 850 nm VCSELs/PDs 


• Results provide verified performance parameters for on-board 


copper and optical waveguide links 


• Results provide direct copper-to-optical comparison metrics (SI, 


loss, cross-talk, density) in equal base (laminate, construction) 
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Test Vehicles and Trace Variables 
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COPPER GEOMETRIES 


• The channels are organized in groups, each group has three diff. pairs 


• A group is identified with the length of the channel 


• Channels length: 4,8,12,16,20,24,28,30,32” 


• Within each group different spacing are considered to test cross-talk:  


• 12.5, 15.5 and 22.5 mils  


• Diff pairs: L/S/L 7/9/7 mil, 100 Ohm 


TV1_2 (12”x18”) TV1_2 (8”x8”) 







Optical Layout (FTG0013-02A) 


7 


GR


P1 
GR


P2 
GRP9_


20 
GRP9_


35 


GRP7 


GRP


8 


GRP9_


50 GRP9_


60 
GRP9_


75 GRP9_


90 


GRP5_


D 


GRP5_


C 


GRP5_


A 
GRP5_


B 


GRP3 
GRP4 


Components 


 


GRP1: Straight; L=100mm L/S 50/200µm 


GRP2: Straight; L=100mm L/S 50/75µm 


GRP3: Straight; L=170mm L/S 50/200µm 


GRP4: Straight; L=170mm L/S 50/75µm 


GRP5: 90-bend; ROC : 5,7,9,11,13,15 mm 


GRP7: Casc.bend; ROC: 13mm 


GPR8: Casc.bend; ROC :11mm 


GRP9: Crossings: Angle: 90,75,60,50,35,20° 
GRP10: Calibration for ... 


GRP11: Calibration for ... 


GRP12: Calibration for ... 


GRP10 


GRP11 
GRP12 


OPTICAL GEOMETRIES 


• The waveguide test components are divided into groups each with distinct 


characteristics and test function 


• Waveguide variables: length, spacing, geometry (straight, bend, cross). Core 50µm 


• Max. channels length: 7” (straight); 35” (spiral) 


• Two groups with different spacing are considered to test cross-talk: 5 and 10 mils 


(125µm and 250µm) 


TV1_2 (8”x8”) 







Outline 


• HDP Optical Interconnect Project Phase 1 


• Outlook and Summary 


 


• HDP Optical Interconnect Project Phase 2 


• Definition and Directions 
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Phase 2 Demonstration TV 


1st TV: Verification Test Vehicle (TV1) 


• Board with connector interfaces 


• Used to verify design parameters and connectivity options for TV2 


• Basic TV, basic performance and reliability testing by the team 


• Currently 3 available WG technologies to build TV1 


• Specification and design to fit all WG technologies 


• Design to include multiple WG components fitting realistic application targets 


• Connector interfaces that can be used for performance testing and for 


interfacing by OEMs and others to evaluate specific applications 


• Must allow application/company specific tests and interoperability testing 


 


2nd TV: Demonstration Test Vehicle (TV2) 


• Backplane with N Line Card(s) and M Switch Card(s) 


• More difficult TV, Enhanced testing by the team 


• Expanded specification challenging the technologies 


• Connector interfaces that can be used for performance testing and for 


interfacing by OEMs and others to evaluate specific applications 


• Must allow application/company specific tests and interoperability testing 
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Phase 2 Definition 


• Experimental results and “lessons-learned” in Phase 1 will 


be used as input and design information for Phase 2 


• Survey for OEM member participants on their wishes for 


requirements, specification items, features, and 


demonstration functions have been completed 


• Work out “wish list” into baseline proposal/s 


• Phase 2 project scoping and planning to complete Q1/13 


• New team members particularly connectors suppliers and 


transceiver/ engine suppliers are needed  


• Definition stage is open to any HDP member/ non member 


company/ organization to join and contribute input for 


planning 
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Input -> Requirements “Wish List” 
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• Demonstrator (Phase 2) 


• Waveguides 


• Multimode 


• Single mode (a must long-term) 


• Coupling interface to OM2,OM3, OM4 


fibers 


• Waveguides surface and inner layer 


• Functions: Cross-overs, 90° (in-plane) 


bends, 90° (out-of-plane) bends, S-


curves 


• Combination of different waveguide 


components e.g. non-orthogonal 


crossing on a bend, staggered 


cascading bends with different RoCs 


• Low loss low RoC 90° in-plane bends 


• Must include 90 turn solution (out-of-


plane) 


• High delta WGs 


• Various WG mode diameters 


(35…70µm) 


• Waveguide taper 


• Photonic bandgap waveguides for 90 


turn and coupling 


• Demonstrator (Phase 2) 


• Transceivers 


• 10Gbps+ 


• 4x4 wide bidirectional or 12-ch uni 


• 850nm 


• Mid-board engines (eg. Finisar (12+12 12G 


engine, 25Gbp (next gen), Reflex 


photonics, Avago, Samtec) 


• Edge-board transceivers including QSFP+, 


CFP, AOCs for rack-to-rack applications 


• Commercial SFP 850, 1310, 1550nm  


• Proprietary 1000nm 


• Small embedded 


• SMT type 


• Good SWAP 


• Module directly coupling with waveguides or 


coupling through fiber patch-cord 


• Off-the-shelf (no development req.)  







Input -> Requirements “Wish List”  


Q1: Waveguides and functions Q1b: Waveguide mode type 


Q2: Connector type Q3: Transceiver type 







Optical Interconnection Model 
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Interconnection Model 


1 1 


2 


Terminology 


1. Chip-to-Waveguide Connector 


2. On-Card Link 


3. Card-to-Backplane Connector 


4. Card-to-Card Link 


5. Chip-to-Chip/Module Link 


 


6. Logic Chip (PU, SU, FPGA) 


7. Optical Transceiver (E/O/E) 


8. Card (Line Card, Switch Card) 


9. Backplane/ Midplane 


10. Chip/Module 
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Demonstration proposals 


• Scope 


• Demonstrate both non-orthogonal and orthogonal optical 


solution similar to electrical backplane 


• See/demo ability to plug modules into opto backplane 


• Link length : > 30cm 


• Short waveguide between ICs / long waveguide through a 


backplane 


• TV1 investigated separate waveguide geometries in isolation 


i.e. just bends, just crossovers. In real routing applications 


most waveguides will comprise a combination of different 


waveguide components e.g. non-orthogonal crossing on a 


bend, staggered cascading bends with different RoCs 


depending on what obstacles need to be circumnavigated. 


 


 







Demonstration proposals, cont. 


• Implementation 


• 1. Realistic “pseudo” product, optical routing 


• Propose optical waveguide test designs for electro-optical boards 


with electrically routed components on them, say server 


motherboard or HPC or supercomputer controller.  


• We don’t have to build a complete supercomputer board of 


course, but if we used current PCB layout designs for HPCs or 


supercomputers (whatever is available) and attempted to design 


waveguides around them, then we would have a very good idea 


of the typical real routing challenges that waveguides would face 


in its first target application. 


• The test vehicle could be just the waveguides minus the HPC / 


server / supercomputer board in question. 


 


• 2. Realistic “pseudo” product, form factor 


• VMS/Eurocard form factors for at least one version of the test 


vehicles 







TBD’s : Implementation Architecture 
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– These do not necessary represent final architecture proposal – 


• Crossbar interconnect architecture by optical 


waveguides in backplane –  


• Not doable with copper lanes at high 


frequencies cost efficiently 


Optical Connector/ Coupling unit 


Optical Connector/ Coupling unit 


Optical Engine 


Optical Engine 


Embedded waveguide 


Embedded waveguide 


Optical and electrical connector 


Optical and electrical connector 


Backplane/  


Midplane 


WG/F Backplane – Edge Access WG/F Backplane – Orthogonal Case 







Next Steps 


• Phase 2 


• Definition, scope, proposal    ...08/13 


• Plan, schedule, resources    ...11/13 


• Implementation plan proposal   ...3/14
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Interested Participants 
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• Testers, Contributors 


• Cisco 


• Alcatel-Lucent 


• Boeing 


• Celestica 


• Compass EOS 


• Ericsson 


• Fujitsu 


• Huawei 


• IBM 


• Intel 


• ITEQ 


• Juniper 


• National Semicon. 


• Nihon Superior 


• Oracle 


• Panasonic 


• Philips 


• Xyratex 


• Design 


• Xyratex 


• Devices 


• Ultra-Comm 


• Avago 


• Connectors – optical 


• Optical Interlinks 


• FCi 


• Mitsui Chemical 


• Molex 


• TE 


• Avago 


• Us conec 


• Connectors – electrical 


• Amphenol 


• FCi  


• Molex 


• TE 


 


• PCB fabricators 


• Flextronics/Multek 


• TTM 


• Via System 


• Waveguides 


• Optical Interlinks 


• Dow Corning 


• Panasonic 


• Laminate materials 


• Hitachi 


• Isola 


• Rogers 


• Quandong Shenghyi 


• Assembly 


• Flextronics 


01-20-2014 







Contacts 


• Jack Fisher (HDP User Group) 


– Project Facilitator 


– fish5er@hdpug.org 


 


• Brice Achkir (Cisco, USA) 


– Project Leader 


– bachkir@cisco.com 


 


• Marika Immonen (TTM, Finland) 


– Project Leader 


– Marika.Immonen@ttmtech.com.hk 


 


• Marshall Andrews (HDP User Group) 


– Executive Director 


– Marsh57@hdpug.org 
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PWB Back Drilling Failure Analysis 


Project Lead: PC Wong, PWB Interconnect 


Solutions, Inc. 


Project Facilitator: John Davignon, HDP 


San Jose Meeting: Feb 26, 2014 


 


Project Proposal - Definition Stage 
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Project Background 


• Back drilling or controlled depth 


drilling of plated through holes (PTH) 


is increasingly being used in High 


Speed Designs. 


 


• While back drilling of PWBs helps to 


remove signal distortion by removing 


via related stubs, reliability issues 


attributed to this practice appear to 


be on the rise.  
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The critical parameter is 


the length of remaining 


copper via (Stub) from 


the targeted inner layer 


pad  


 







Project Drivers/Gaps 


• Both the number of back drilled vias and 


the variation of depths (any & all layers) 


are increasing on each board.   


 


• Design Rules are driven by Electrical 


requirements, not necessarily based on 


PWB reliability data or fabrication 


capabilities. 
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Products Using Back Drilling 
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Blue shows the 3584 holes in the device. 


Red shows 1142 are back drilled 


Increasing 


numbers of 


designs 


specify 


multiple levels 


of back drilling 


throughout the 


construction 







Purpose of Project 


• Quantify the reliability of specific BD 


holes designs compared to PTH holes 


• Quantify the relative reliability of shallow, 


medium and deep BD holes. 


• Quantify the influence of hole size, pad 


size and pitch on BD hole reliability 


(0.032”, 0.040” and 0.080” pitch). 


• Compare the variation in BD hole 


reliability from different PWB suppliers 
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Project Scope 


• This project will baseline back drilling reliability 


and capability of high layer count boards for 


datacom, telecom & backplane products and to 


identify potential solutions and design guidelines 


to prevent future problems. 


• This is not a laminate materials, drilling 


equipment, fabrication process or signal integrity 


study. 


• This will be accomplished in 3 proposed phases 


– Phase 1: Survey 


– Phase 2: Reliability / Capability testing 


– Phase 3: Guideline documentation 
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Goals 


• Publish the results of where the OEM’s 


are going with backdrill designs 


• Baseline the capability of the industry 


for tolerance/variation of stub length 


and depth control through a specially 


designed Test Vehicle 


• Quantify the reliability of backdrill vias 


at varying depths – short, medium and 


long through a specially designed Test 


Vehicle 
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Objective/Strategy 


• Design a Test Vehicle with coupons to measure the 


capability & reliability baseline of back drilling 


• Modify an existing 20 layer, 1/2oz copper, FR4 based 


stack-up Test Vehicle. (Pb-free PWB Materials Reliability 


Project) 


• Send out the design to OEM members for support in 


building this TV 


• Build the TV at various PCB Fabricator sites 


• Test/Evaluate the coupons to measure and establish 


an Industry baseline for capability & reliability  


• Publish the results of the baseline both internally and 


externally at industry conferences 
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Deliverables 


• Publish results of backdrill OEM/PWB survey 


on capability and requirements. 


• Publish a report documenting the capability of 


the industry to control stub length and depth 


drilling. Target date Q2 2015 


• Publish a report documenting the reliability of 


various backdrill design features. Target date 


Q2 2015 


• Publish a BD design guideline report 


• A Backdrill Test Vehicle for future phases and 


use in the industry to verify backdrilling 


capabilities 


  


 


© 2013 HDP User Group International, Inc.  All rights reserved 9 







Benefits/Impact 


© 2013 HDP User Group International, Inc.  All rights reserved 10 


A set of design parameters for HDP members that 


will guide OEM, ODM, system designers in designing 


a more reliable back drill products. These design 


guidelines will help reduce development cost for 


redesigns and improve TTM. 


 


Provide PWB fabricators and equipment suppliers 


with the future backdrill technology direction for high 


end, high layer count products in the data/tele com 


sector.  This direction will allow strategic capital 


investment to align with future requirements. 
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Task Resource Complete Date 


Survey – develop, consolidation and 
analysis 


Cray / Oracle 2Q2014 


TV – design, review and release for 
fabrication 


PWB / Introbotix 2Q2014 


TV – fabrication TBD/OPEN 2Q2014 


TV – As  received testing and data 
analysis 


PWB /Introbotix 3Q2014 


Simulated Assembly Reflow Open/ Need Help 4Q2014 


TV – After reflow testing and data 
analysis  


PWB /Introbotix 4Q2014 


Report – writing, editing and release PWB / Team 1Q2015 


Phase 1 Survey PWB  4Q2014 


Phase 2 Reliability & Capability PWB  2Q2015 


Phase 3 Guideline PWB  3Q2015 


Resources Needed / Committed 







Project Flow Chart 


Finalize Scope 


Phase 1: Survey 
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Finalize Survey 


Questions 
Conduct 


PWB Survey 


Consolidate & 


Analysis 
Publish Results 


Finalize Project 


Objectives 
Finalize Test 


Plan Finalize DOE 
BOD Approval 


Implementation 


Phase 2: Reliability / Capability Testing 


Conduct  


ODM/OEM 


Survey 


TV design, review 


and release for 


fabrication 


TV “as rec’d” and 


“after reflow cycle” 


testing 


Failure Analysis Publish Results TV fabrication 


Phase 3: Guidelines 


Review Survey 


Results 


Create Design 


Guidelines using 


Survey & TV Results 


Final Report Review TV 


Results 







Technical Discussions 
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TV Stack up 







© 2013 HDP User Group International, Inc.  All rights reserved 15 


DOE/TV details 


Coupon Via to Via 
Spacing 


Drilled Hole 
Diameter 


Pad  
Diameter 


Anti-Pad 
Diameter 


Over-Size 
Drill Diameter 


1A 0.032” 0.010” 0.019” 0.026” 0.018” 


1B 0.040” 0.010” 0.022” 0.030” 0.018” 


2 0.080” 0.026” 0.038” 0.046” 0.034” 


Back-drilling will accommodate 3 levels – 


“Shallow” L2 or L3, Middle L10 or L11, “Deep” 


L18 or L19. 


  


Each pair of back-drilled holes will be 


surrounded by traditional plated through holes. 


  


Each coupon design will have two “sections” – 


1) PTH, 2) PTH with back-drilled vias 


interspersed.  


  


Each back-drill depth with be an independent 


coupon design (3 design types * 3 depths = 9 


coupon designs) 


B 


B = Back-drilled hole 


Representing typical diff pair 


B B 


B 
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TV Design: Coupons/Sub-Panel  (~5”x ~14.5”) 


 


not to scale: Introbotix coupons design to be added later 


1B 


2 


Sub-Panel  (~5”x ~14.5”) 


Coupons – 1B (.040” grid) and 2 (.080” grid) 
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Production Panel  


24” 


18” 







Expected DOE Results 


–Reliability of the 3 depths vs. PTH (with and without 


assembly thermal stress) 


–Reliability of BD geometry (coupon design 


geometry) 


–Reliability of PCB source (relative to peers who 


submitted samples) 


–Variation of BD depth in relation to position on 


panel 


–Correlation of Depth Control measurement methods 


–Electrically quantifying/measuring true depth of no-


cut layer (how deep fabricators need to go) 


–Electrically determine if any copper on sidewall or 


copper debris in hole remains 
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Project Schedule/Timeline 


Project Task Schedule 


BOD Implementation Approval Q2’2014 


Phase 1: Finalize Survey Q2’2014 


Phase 1: Conduct Survey Q2’2014 


Phase 1: Consolidate Survey 
Results 


Q3’2014 


Phase 2: TV Design Q2’2014 


Phase 2: TV Fabrication Q3’2014 


Phase 2: TV Reliability Testing Q1’2015 


Phase 2: Consolidate Testing 
Result 


Q2’2015 


Phase 3: Guideline Q3’2015 
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Team Members 
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• PC Wong, Project Lead,PWB 


Interconnect Solutions 


• Joe Smetana, Alcatel-Lucent 


• Paul Brown, Alcatel-Lucent 


• Richard Coyle, Alcatel-Lucent 


• Thilo Sack, Celestica 


• James Armstrong, Ciena 


• Mike Wingrove, Ciena 


• David Wice, Ciena 


• Ivan Straznicky, Curtiss-Wright 


• Paul Wenaas, Cray 


• Al Ortiz, Ericsson 


• Igor Perez-Uria, Ericsson 


• Ove Isaksson, Ericsson 


• Akiko Matsui, Fujitsu 


• Brian Smith, HDP 


• Marshall Andrews, HDP 


• John Davignon, HDP 


• Brandon Sherrieb, Integrated Test 


(ITC) 


• Dana Freeman, Integrated Test (ITC) 


• Girish Wable, Jabil 


• Leif Hutchinson, Juniper 


• Mike Freda, Oracle 


• Karl Sauter, Oracle 


• Bill Birch, PWB Interconnect 


• Dan Turpuseema, RD Circuits 


• Mulugeta Abtew, Sanmina 


• Kevin Zhang, Sytech 


• Tarja Rapala, TTM 


• Marika Immonen, TTM 


• Timo Jokela, TTM  


• Alan Cochrane, TUC 







Back-up Slides 
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Coupon Fabrication / Testing Matrix 


Description Quantity 


Number of production panels : 
    Ideal 
    Minimum 


 


12 


  6 


Number of unique coupon designs per sub-panel  ( 3 depths x 3 grids ) + 1x 
Introbotix coupon + 2x BD coupon 


12 


Total number of coupons 
    Ideal  (12 production panels x 4 subpanels x 12 coupon designs) 
    Minimum (6 production panels x 4 subpanels x 12 coupons designs)  


 


576 


288 


Quantity per coupon design : 
    Ideal  
    Minimum 


 


48 


24 


Capacitance Measurements: 
   “As-received” 
   Preconditioning  using reflow oven 
   Preconditioning  using IST 
 


 


 8 


 8 


 8 


IST testing  (after capacitance measurements) 24 







Project Scope: Three Phase Project 


• Phase 1:  Assessing the backdrill situation in the 


Industry through a 1:1 survey. All inputs will be 


company coded to keep all data anonymous.  


 


– Part 1: OEM/ODM Survey to document what design 


tolerances/stub lengths are being designed into 


products now and 3 years into the future.  


 


– Part 2. PWB Fabricator Survey to document what 


problems manufacturers see in supporting the level of 


technology/tolerance and what would be needed to 


comply with the requirements.  
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Project Scope: Three Phase Project 


• Phase 2: Test and verify the reliability and 


capabilities of backdrill designs. This will be done 


by designing electrically tested coupons and test 


vehicles that will be built and tested by the project. 


(micro-sectioning only as needed to verify ET 


results) 


 


•  Phase 3: Develop a realistic set of design 


guidelines based on reliability data for the OEM 


designs.  
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HD Pug PVC Free Project Phase 2: 


Halogen Free 


Proposed Scope 
12/19/2013 
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Background 


HDP completed the first PVC Free Cable study in 2011 


Five cable types were manufactured and tested to the current PVC 


criteria. The results were mixed… 


 


Depending on the equipment used and the level of understanding of 


these LSZH materials selected, processing difficulties were 


encountered. We believe that the poor physical properties reported 


can be improved in Phase II of this project as equipment 


modifications are made and the nature of these materials are better 


understood. 


 


There are no North American industry accepted specifications for 


cables made with LSZH, additionally OEM’s are facing new criteria 


like “Low Smoke” that is not a current safety requirement for cables 


manufactured with PVC 


 


Cable specifications, especially LSZH requirements vary significantly 


between different geographic areas. 







Backround Continued 


In Phase I we tried to include cables that where difficult to process with the existing LSZH 


materials or could not meet the existing Flame Test Requirements. 


 


In Phase II we will focus our efforts on Flexible Cords and Appliance Wiring Material that 


has lower Flame Test Requirements and will be easier to process with the existing 


industry LSZH materials.  


 


It should also be noted that the material performance of the LSZH materials have been 


improved since Phase I to overcome some of the previous shortcomings that we 


experienced 


 


Additionally we will use our previous manufacturing experience with these materials to 


obtain the best physical properties to comply with current UL and CSA standards for these 


categories. 


 


It will be our objective to manufacture cables that will meet the current UL and CSA 


standards in each category and also get the funding to test these products for smoke and 


halogen content by the IEC standards used in practice for defining LSZH cables today in 


Europe.  
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Project Participants Phase 2 


Generic Performance 
Specification  /Requirement 


Providers 


Raw Material 
Suppliers 


Cable Mfgs 
Testing and 
Characterization 
Providers 


AWM Style 
2463, 2 C, 18 


AWG (internal) 


Lorom 


Lake Cable 


AlphaGary 


 Teknor Apex 


Sacopolymers   


Polyone 


Lorom 


Lake Cable 


Lorom 


Lake Cable 


UL 


HDMI Cable 
(external) Lorom 


Lake Cable 


 


AlphaGary 


Teknor Apex 


Sacopolymers  


Polyone 


Lorom 


Lake Cable 


 


Lorom 


Lake Cable 


UL 


Desktop Power 
Cord Set Lorom 


Lake Cable 


 


AlphaGary, 


 Teknor Apex 


Sacopolymers  


Polyone 


Lorom 


Lake Cable 


Lorom  


Lake Cable 


UL 


Notebook Power 
Cord Set  


Lorom 


Lake Cable 


 


 AlphaGary 


 Teknor Apex 


Sacopolymers 


Polyone 


Lorom 


Lake Cable 


Lorom, 


Lake Cable 


UL 







Project Task Orig Actual Anticipated 


Plan Project 


Define Scope 3Q13 


Define Halogen Free Specifications 4Q13 


Transition to Implementation 1Q14 


Complete Admin Activities (e.g. NDAs, tech. Specs.) 


Define test matrix 4Q13 


All Raw material received by cable manufacturers 4/14 


Fabricate test samples 6/14 


Complete electrical and mechanical tests 7/14 


Draft report 8/14 


Review data to determine whether to complete smoke density 
testing (UL) 


9/14 


Final Project report 12/14 


Publish report 1/15 


Halogen Free Cables 2 Project 







Industry Terms and Definitions 


• Low smoke zero halogen LSZH is a material classification 


typically used for cable jacketing. LSZH cable jacketing is 


composed of thermoplastic or thermoset compounds that 


emit lower smoke and acid gas levels when exposed to 


high sources of heat 


• Appliance Wiring Material – is defined as internal and 


external electrical wiring used by a Device or Appliance for 


it’s electrical wiring requirements 


• Flexible Cords – is defined as multi-conductor cordage 


used for bringing electrical power to a device 


• Communication Cables – are defined as network cables 


that are used to transmit analog or digital communication 


within a structured wiring environment 


• Data Cables – are defined as cables that bring point to 


point communication between two discrete locations  







 


In phase one five cable types were identified for development as 


PVC and Bromine free – 


a. Ribbon Cable ( UL Appliance Wire; VW-1 ) 


b. Power Cord for notebook ( UL Flexible Cord - North America  style; 


VW-1 ) 


c. Power Cord for desktop ( UL Flexible Cord - European style; VW-1 )  


d. HDMI Cable ( UL Appliance Wire; VW-1 ) 


e. Mini SAS Cable ( UL Communication Cable; FT-4 ) 


Various problems were encountered with non-PVC compounds 


used to manufacture these cables, processing difficulties, 


inadequate mechanical properties and failure to comply with flame 


test requirements. None of the cable samples produced complied 


with all performance and safety requirements. 
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Project Overview 
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Current OEM priority for PVC and Bromine free cables is focused 


on data centers, office products and consumer products. The 


cables and their requirements for these segments are significantly 


different. OEM’s that are OP and Consumer focused may have different 


perspectives than OEM’s that are data center focused. 


 


Cables for data centers in North America must conform to 


Communication Cable Standard and typically meet Type CMG and 


the FT-4 flame test, a severe vertical tray flame test. This project 


will initially focus on flexible cords and Appliance Wiring Material 


with the possibility to address communications cables in the future. 


 


Currently the project team has decided to test these products to 


the current IEC LSZH standards which will require them to pass 


the following IEC Standards for smoke density, acidity and 


corrosivity that are commonly used to define the these materials in 


the industry today.  


Specifications 
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• IEC 61034-2 -  Measurement of smoke density of cables 


burning under defined conditions 


A minimum light transmission value, expressed as a 


percentage light transmittance, is recorded  


during a fire in a 3 meter cube area. The recommended 


minimum light transmission value is greater than 60%. 


 


Smoke Density Measurement 
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IEC 60754 Tests gases evolved during combustion of materials from 


cables –  


Part 1: Determination of emission of halogens,  


Part 2: Determination of acidity (by pH measurement) and 


conductivity ( Corrosivity)  


 
(60754 is an indirect measure of halogens, In 60754, you are measuring 


acidity and conductivity that may allow one to estimate halogen content, but it 


may also provide false readings) 


 


(The pH of a sample is the logarithm of hydrogen ion concentration of that 


sample. As halogens have no hydrogen ion they don’t have a pH value) 


Acid Gas Emissions 







Objectives/Scope 


• 1. To determine the gaps in UL Standards for compliance , 
between PVC compounds and non-PVC or LSZH alternatives for 
like applications  


 


• 2. Co-ordinate with UL the establishment of acceptable 
requirements for non-PVC or LSZH alternatives  


 


• 3. Establish performance requirements for low smoke, halogen 
free characteristics of non-PVC alternatives. These requirements 
could be incorporated in UL Standards as optional requirements 
with appropriate designations or indicated on OEM cable 
specifications as requirements 


 


• 4.  It is the intention of this Project to provide the basis of unifying 
the current Global Standards into one comprehensive document 
that will serve as the definition for PVC free or LSZH cables. The 
outcome will be environmentally friendly cables that will be 
universally accepted and specified by OEM,s for use in their 
associated products.  


 







Sequence 


• Address each cable type individually and start with Flexible Cords UL 62 


and UL 758 Appliance Wiring Material as our first objectives 


• Determine which materials that will meet current UL Standards, UL 62 and 


UL 758 


• Have the material suppliers to commit to materials that will         meet UL 


62 for Flexible Cords and UL 758 for AWM   


• Manufacture cables with LSZH Jackets and test the physical properties to 


meet UL 62 and UL 758 


• Conduct UL 1581 /VW-1 Flame Test and as an alternative test conduct 


IEC   60332-1 to verify Flame performance 


• Have UL measure Smoke Generation IEC 61034 and Acid Gas 


Generation, IEC 60754-1 and Conductivity IEC 60754-2  


• Determine if funding of project is possible by HDP User Group for 


additional testing and the continuation of the Project 


• Select the second round of products for product safety compliance and 


discuss related specifications  







Other Applicable Standards 


• Cord Sets 
– UL 817 for cord sets; UL 62 for cordage in the USA 


– CSA 22.2 NO 21 for cord sets; CSA C22.2 No. 49 for cordage 


– IEC 60799 for cord sets in EU countries 


– IEC 60227 or 60245 series or National Standards for Cables 


 


• Appliance Wiring Material 
– UL 758 Appliance Wiring Material Standard 


– CSA 22.2 NO 210.2 Appliance Wiring Material 







Deliverables 


• Clearly defined and documented standards for Halogen Free 


and Low Smoke materials that are PVC and Bromine Free 


• State the differences in performance characteristics between 


PVC cables and LSZH alternative cables 


• Produce products with supporting test data for HDP 


Members so that one product can be shipped to multiple 


geographic regions without safety issues or concerns 


• Drive the current cable LSZH material technology and test 


requirements to meet all current safety and performance 


criteria 


• Multinational compliance with the applicable safety 


standards as defined by UL, CSA and IEC for the regions of 


North America and Europe   
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Project material and testing flowchart 







Program Costs 
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Testing Agency IEC 61034-2 IEC 60754 Part 1 IEC 60754 Part 2 


Underwriters Lab $1250.00/Test $700.00/Test $700.00/Test 


ETL/Intertek $1200.00/Test $800.00/Test $800.00/Test 







Project Cable Types  


Cable Types Raw Material 
Suppliers 


Cable 
Manufacturers 


IEC Tests Number of 
Tests 


Cost (Number 
of Samples x 
Test Cost) 


AWM Style 
2463 
2C 18AWG 


Alpha Gary 
Teknor Apex 
Sacopolymers 
Polyone 


Lake Cable 
Lorom 


IEC 61034-2 
IEC 60754 Part 1  
IEC 60754 Part 2 


8 
4 
4 


$10,000.00 
$2,800.00 
$2,800.00 


HDMI Cable 
external 


Alpha Gary 
Teknor Apex 
Sacopolymers 
Polyone 


Lake Cable 
Lorom 


IEC 61034-2 
IEC 60754 Part 1  
IEC 60754 Part 2 


8 
4 
4 


$10,000.00 
$2,800.00 
$2,800.00 


Desktop Power 
Cord 


Alpha Gary 
Teknor Apex 
Sacopolymers 
Polyone 


Lake Cable 
Lorom 


IEC 61034-2 
IEC 60754 Part 1  
IEC 60754 Part 2 


8 
4 
4 


$10,000.00 
$2,800.00 
$2,800.00 


Notebook 
Power Cord 
Set  


Alpha Gary 
Teknor Apex 
Sacopolymers 
Polyone 


Lake Cable 
Lorom 


IEC 61034-2 
IEC 60754 Part 1  
IEC 60754 Part 2 


8 
4 
4 


$10,000.00 
$2,800.00 
$2,800.00 


Total 
Best Case 


4 2 3 64 
48 


$62,400.00 
$45,600.00 
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HDP User Group International, Inc.
Optical Component FPC Assembly and 


Reliability


February 26, 2014


Laye Fenglei, Huawei – Project Manager
Larry Marcanti / Jack Tan - Facilitators
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Problem Statement
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Data products are increasingly requiring the use of optical transceivers in
order to handle speed and throughput required by our member
companies’ customers. System design density is also increasing so board
edge space is at a premium. As a result the size of transceiver is
shrinking to accommodate these requirements.


Manufacturing yields of optical assembly of Flexible Printed Circuit (FPC)
to device have been deeply impacted by miniaturization and higher
density requirements of the optical devices.


The FPC manufacture has finer traces, spacing is tighter, and vias are
getting smaller. Typical pitch today is 0.8mm and new requirements are
cutting this to 0.4mm and even in some cases 0.2mm. All of these
changes are occurring simultaneously driving the need for more accurate
equipment and higher level of engineering support in order to have a
stable process.







FPC Assembly Problem Examples
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Optical component suppliers have different footprints and FPC 
designs. They include multi row I/O on a single FPC, multiple FPCs, 
and finer pitch which make the assembly very difficult and results 
in defects such as opens, insufficient solder, and bridging.


Optoelectronic 


device
FPC PCB


Defect: bridge


Defect: insufficient


• 0.8mm pitch, pad width 0.4mm


• stencil aperture is 40% area of pad


• PCB-OSP finish, FPC-ENIG finish







Goal of Project 


The Objective of this project is to explore and 


provide a holistic solution for Optical 


component FPC assembly with 0.3mm/0.4mm 


pitch design. 


1.Explore better assembly process to improve the yield for 


finer pitch FPC device 


2.Establish a simple, acceptable test method to evaluate the 


reliability of different FPC designs,  including  different FPC 


materials, solder pad pitch,  geometry structure, assembly 


process. 
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Project Objectives


1. Explore and evaluate soldering and assembly 


process methods (such as hot bar, laser, 


manual) which could meet the 99% assembly 


yield target


2. Define test processes and methodologies to 


evaluate the Reliability of these FPC designs. 


3. Publish guidelines that can be adopted as  a 


general qualification standard for FPC+PCB 


assemblies
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Project approach


• Design a test vehicle that can be 


used for both process 


characterization on reliability testing


• Take a phased approach to 


evaluation


–Phase 1 Hot Bar and ACF


–Phase 2 Laser soldering


–Phase 3 Microwave Assembly
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Test Vehicle Materials


Scopes Descriptions


PCB Material: FPC- PI (Polyimide), TK (Teflon/Kapton), PCB- FR4


Soldering Material: Lead free solder paste, ACF


Soldering Process: Hot bar, Laser, Microwave, ACF


FPC design geometry : 


U-shape FPC design and 0.38mm pitch FPC design 


to accommodate the hotbed soldering process. 


Visual descriptions  as in attached pictures.
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Project Flow proposal
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Test vehicle design 


Fabricate test 


vehicle


Trail assembly results review


hotbar fixture design 


Fabricate hotbar 


fixture


Requirement input


Laser fixture design


Yield statistics


FA


Fabricate laser 


fixture


Hotbar assembly laser assembly Manual assembly


back if some 


case with too 


much defectSolder quality analysis


Select better process for more 


samples assembly


back if  yield lower than goal


Mechanical reliability test


ATC test FA Qualification  


recommendation
Report


Phase I


Phase II


Phase III


The feasibility results based 


on above process 


Final conclusion on solder 


process 


Project summary report


output


output


Proposal on FPC reliability 


test method







Project Execution Plan


# Items Date FPC ACF PCB ACF FPC SP PCB SP


1 Design File released 1/6/14d yes yes yes yes


2 Design approved by project 


members  for fabrication


3/1/14


3 Complete Pilot Run design 


and build verification


3/31/14 10 10 10 10


4 Quantity fabricated and 


completed by TTM


4/15/14e 100 100 100 100


5 Quantity to send to and arrive 


Huawei


4/22/14e 25 25 25 25


6 Quantity to send to Miyachi for 


assembly 


4/22/14e 75 75 75 75


7 1st lot for assembly and 


inspection by Miyachi


5/15/14e 10 10


8 2nd lot for assembly and 


inspection by Miyachi


6/15/14e 10 10


9 3rd lot for final assembly and 


send for testing by Miyachi


7/3/14e 55 55
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Proprietary
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Reliability Testing Proposal
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Compare the characteristic bending test life among 3 


test vehicle with different soldering process. 


Then take the life data at first failure from best one to be 


the criteria of " test to pass" of bending radius test. 


Failure mode expected should be on interconnect rather 


than on FPC. 


 Mfg based dimensional stability test to be performed instead of modulus– TTM
 Tests to be performed – TTM incoming


Flex Material testing
Tensile Strength
Fracture Elongation
Fracture Ductility
Copper foil peel strength


Completed Part Test – Huawei/Miyachi/IST
Cross section & visual inspection – prior to testing
Pull Test
Bend Radius Test
Bend Radius Life Test
Heat and Humidity
Thermal Shock







Implementation Team Members
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Roles & Responsibilities Name – Company


Project Leader Laye Fenglei– Huawei


Facilitator/s L. Marcanti / Jack Tan– HDP


FPC and PCB fabrication TTM – Timo Jokela


Assembly Equipment Supplier Miyachi – John Van Der Linden


Tooling and Fixtures Huawei / Miyachi


Reliability Testing Huawei / IST


Other Companies Subscribed to Project Mailing
TUC Ciena Emerson
IBM Curtis Wright Flextronics
Nvidia Sumitomo Sanmina
Celestica Boeing Fujitsu
Finetech Dupont Arlon
Panasonic








“Future HDI”  


An HDPUG project Proposal 


Joe Smetana, Alcatel-Lucent 


Bill Birch, PWB Interconnect 


Ivan Straznicky, Curtiss-Wright 


David Gorden – Viasystems 


Chris Katzko – TTM 


Doug Thomas, John Bourke, & Dale Kersten - 


Sanmina  


Yuki Mamada & Toshihide Ito – Kyocera 


 


 







Background 
• BGA pitch is moving steadily downward. 


• High I/O BGAs are common at 1mm and 0.8mm pitch today 


and starting to appear at 0.65mm pitch. 


• Consumer PCB’s (smart phone, tablet, etc.) have already 


moved to large I/O BGA’s at 0.5 and even 0.4mm pitch.  


– Example: TI OMAP4 processor 500+ I/O at 0.4mm pitch 


– This is supported by Any Layer/Every Layer HDI PCB’s that are 


very thin (typically 0.8mm thick or less) 


• Too thin for Telecom/Server applications 


• Reliability questions 


– These types of packages require 3 + stacks and growing of 


microvias for routing (depending on how many I/O and design 


specifics) just to escape route these packages. 


• It is inevitable that High I/O BGAs for High complexity 


products (Telecom, Server, etc.) will also trend downward 


in pitch, following the consumer trend. 







Background (2) 
• 0.65mm pitch is the practical limit for through hole vias in 


volume production with high reliability and even this has 


many design and fabrication challenges. 


• The standard consumer “Any Layer” via technology is 


not directly compatible with large complex boards used 


in these high reliability industries 


• Current sequential lamination technologies are too 


expensive to support future needs. 


– Also, ALV is better aligned with high speed & high density 


requirements 


• A new construction concept is proposed merging 


aspects of today’s high end designs with aspects of 


consumer PCB’s to tackle these challenges. 
– This concept needs confirmation and validation to make it a reality 


– Reliability and design limitations need to be established. 


 







The Concept 
“Any layer” outer sub “stack” 


construction (Sintered Cu paste) 


 


L1-2 and N to N-1 Cu Plated – not 


sintered paste 


 


Includes Cu PTH 


 


Any layer stack – very thin (like a 


typical consumer technology)  - 0.8mm 


thick or less. Total board thickness  2.4 


mm or greater. No plating/thin Cu 


supports fine trace and spacing 


 


Bottom “stack” optional – may only 


require single side. 


 


Maximum of 4 laminations, 2 (3 with 


VIPPO) plating steps 


 


No stacking of Any layers on sub 


composite  buried via? (to simplify 


construction and eliminate a major 


reliability concern) 


Conventional Multilayer PCB “core” 


(Subcomposite PTH’s not shown) 


Not to scale – thickness of 


the top and bottom stack is 


much thinner than the core 







Additional  


• The HDI “stack” is current consumer technology.  


• The sub composite core is standard technology. 


• Connection of the HDI “stack” to the sub 


composite core “should” be only an extension of 


the same Cu sintered paste technology (some 


limited development required) 


• There are other issues that need to be answered 


to be able to apply this to real high reliability 


products 







Reliability Questions to Evaluate 
• Current carrying 


– What is the maximum current a single stack of sintered Cu paste 


vias (or other proposed technology) can support? 


• Stack height/via size function 


• IST/Thermal cycle reliability 


– What is the Pb-free survivability and IST thermal cycle reliability 


of a stack of microvias (10 layers?) in a thick composite board as 


shown? 


• CAF 


– Are the sintered Cu paste vias susceptible to CAF?  


• If so – at what dimensions?  


• Component interaction reliability – Example – Large 


CBGA or similar 


– Will the shear stresses of large high strain packages cause 


failures in the HDI stack of vias in ATC, or reflow cool down (as 


was seen for early large silicon on ALIVH BGA substrates)?  







Reliability Questions to Evaluate (2) 
• Material Stability 


– How stable is the sintered Cu paste material vs plated Cu? 


• Thermal aging 


• Humidity 


• Electrical performance 


– Related to material stability, what is the electrical performance of 


series of sintered Cu paste vias? 


• Impedance coupons with vias 


 







Project Proposal 
• Design a test vehicle to answer the questions and 


serve as a development platform for PCB fabricators. 


– Include 10 layer stack HDI Via Arrays at 0.5mm, 0.4mm, and 


0.3mm pitch for CAF testing.  (Note 0.3 mm may not really be 


practical at this time – but in the proposal if we can support it) 


– Include IST coupons for IST and delam testing 


– Include a high strain component (proposal – the previously 


tested 483 CBGA) to evaluate effect of very high strain 


package on HDI stack via survivability in ATC. 1 per board 


– Include design features to test current carrying capacity limits 


of the 10 stack HDI structure.  


– Include Impedance coupon(s) with sintered Cu paste vias 







Project Proposal (2) 
• Fabricate PCBs at multiple fabricators. They choose the 


method and materials.  


– Propose minimum of 8 PCB’s from each of at least 4 fabricators 


• Assemble 32 boards (8 each from 4 fabricators)  


• CAF Testing of the HDI via arrays – after reflow only 


(separable after assembly) 


• IST and Delam testing (using IST tester to simulate reflow) – 


as built coupons (separable before assembly) 


– Includes stabilization/characterization capabilities 


• ATC Testing and FA of the High Strain component – FA only 


to check for via failures. 


• TDR testing before and after thermal aging, humidity 


• Evaluate results and establish basic design rules. 


• Final Report 







Project Actions 
• Define/Design Test Vehicle (TBD), 5 sections 


– IST – PWB interconnect 


– CAF – via arrays similar to MRT – but at pitches of 0.5, 0.4, and 0.3mm, 


in the “any layer stack” section only. 


– ATC section – daisy chain component – identify and purchase 


– Current carrying evaluation – 10 stack – how to test? 


– Impedance coupon(s) 


• Fabricate Test vehicles (multiple fabricators) 


• Assemble Test Vehicle (EMS - TBD) – separate for tests 


– ATC – Alcatel-Lucent 


– IST – PWB Interconnect 


– Current carrying evaluation, Impedance testing – TBD 


– CAF Test – TBD 


– FA – TBD 


• Evaluate results – define basic design rules (Fabricators) 


• Final report – Team 








 


Annual Member Meeting 
26th – 27th February 2014 


San Jose, CA 
Hosted by Flextronics 


 


 


    
Wednesday 26


th
 February – Open Day for Members and Guests 


8:00 Registration, coffee and socializing 


8:30 Opening of the meeting – Marshall Andrews, HDP User Group 
 Self-Introduction of Participants - All 
 Welcome and introduction to Flextronics– Murad Kurwa VP, Advanced Engineering Group  
 Introduction of new members 
 Awards 


Projects Review/Status Update– Chair: Jack Fisher, HDP User Group 


9:20   
 Through Silicon Vias (TSV) – Dave Love, HDP User Group 
 Press Fit Rework Project– Lars Bruno, Ericsson / Jack Fisher, HDP User Group 
 Anti-Counterfeit Electronics II- Colm Nolan, IBM / Laurence Schultz 


 
10:30 Break 
 
10:50  


 Pb-Free Mini Power Cycles – Igor Perez, Ericsson / Larry Marcanti HDP User Group 
 Electro-Chemical Migration on PCBs – Mike Bixenman, Kyzen  


 
11:30 PCB Enabling Technology – Raj Kumar, V.P. of Technology, Viasystems 


12:15 Lunch  


13:15 
 Low Silver SAC Solder Paste – Jennifer Nguyen, Flextronics 
 Ultra-Thin HDI Multi-Purpose Test Vehicle – Chris Katzko, TTM Meadville 
 Pb-Free PWB Materials Reliability Phase 4 – John Wilson, IBM / Brian Smith, HDP User Group 
 Opto- Electronics II –Brice Achkir, Cisco 


14:50 Break 


15:10  
 PWB Back Drilling – P C Wong, PWB Interconnect Solutions / John Davignon, HDP User Group 
 BFR/PVC – Free Cables II – James Baker, Loron 
 Fine Pitch Optical Components- Laye Fenglei, Huawei / Larry Marcanti, HDP User Group  


 
16:10 New Project Proposals 


 Future HDI – Joe Smetana/Ivan Straznicky, Alcatel-Lucent/ Curtiss Wright 
 Micro-bump solder joints – Dongji Xie, Nvidia 
 Other new project proposals 
 Round Table Discussion – Chaired by Jack Fisher, HDP User Group 


16:45 Feedback from Guests 


17:00 Close of meeting 


19:00 Dinner            







 


Annual Member Meeting 
26th – 27th February 2014 


San Jose, CA 
Hosted by Flextronics 


 


 


Thursday 27th September – Members Only Session   


8:00 Coffee and socializing 


8:30 Opening of the meeting – Marshall Andrews, HDP User Group 


8:35 HDP Board of Directors Report – Thilo Sack, Chairman HDP User Group Board 


8:50 HDP Updates – Marshall Andrews, HDP User Group 


Projects Review/Status Update– Chair: Jack Fisher, HDP User Group 
 
9:15 New Technology Projects 


 PCB / Package Warpage – Kirk Van Dreel, Plexus 
 Polymer Ball Interconnect – Jim Jones, Oracle / Brian Smith, HDP User Group 
 Opto Interconnect Phase 1 –Brice Achkir, Cisco 


10:30 Break 


10:50 PWB Level Implementation Projects 
 High Speed PWB Materials – Karl Sauter, Oracle  
 Pad Cratering – Thilo Sack, Celestica 
 Lead Free Board Materials Reliability III – John Wilson, IBM / Brian Smith HDP user Group   


 


12:00 Lunch 


13:00 PWB Implementation Projects (Cont’d) 
 Multiple Lamination PWBs – Ivan Straznicky, Curtiss-Wright 
 PWB Environmental Life Cycle Analysis – Erkko Helminen, TTM Meadville , Brian Smith HDP 


 
Pb-Free Assembly Implementation Projects 
 SAC Aging II / SAC Future Work – Jim Wilcox, HDP User Group  
 Process Sensitive Components – Marie Cole, IBM 


15:00 Break 


15:15 Pb-Free Assembly Implementation Projects (Cont’d) 
 Lead Free Copper Erosion – Keith Howell, Nihon Superior  
 Board Mounted Power Supplies – Leif Hutchinson, Juniper 
 Thin Copper Stress Test – Shunichi Kikuchi, Fujitsu / Marshall Andrews, HDP User Group 


16:30 Any Other Business and Feedback from Attendees 


17:00 Close 


19:00 Dinner  








Meeting Rules 


 We do not discuss IP.  The meeting is in the public 


domain so if you choose to disclose IP, it will no 


longer be protected 
 


 Everything discussed on Day one is public and 


carries no restrictions on disclosure, however HDP 


User Group reserves all copyrights 
   


 Day 2 is for Members only and discussions are HDP 


User Group proprietary and not for disclosure 


except as outlined in the HDP User Group Bylaws 
 


 We do not discuss price.  OK to discuss cost, but 


not price 
© HDP User Group International, Inc. 


 








HDP User Group HDP User Group 
International, Inc.International, Inc.


TSV Project


Status


Dave Love


Feb 13, 2014
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Trying a New ApproachTrying a New Approach


• Very little progress in 2013
• A 2.5D TSV project requires test chips and interposers
• These have been very difficult to obtain through our 


usual way of doing things.
• Suppliers don't want to collaborate with competitors 


after heavy financial investment
• Suppliers don't want their dirty laundry exposed
• Suppliers don't want to share their IP
• The new approach: Single Supplier Projects


– Offer a safe environment for IP
– Single-source each type of component
– Offer access to our strengths in board assembly 


and reliability testing
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Current StatusCurrent Status


• Trying the new approach since November
• Simultaneously, Larry and Marshall have been talking 


to Freescale
• Freescale offered to provide test chips (2 types) to the 


project - but we need to source the interposer
• Dave and Larry talking to interposer suppliers now 
• One interposer supplier (RTI) has a new project with a 


2.5D interposer and FPGA and Memory chips - in 
layout now


• RTI interested in collaboration if HDP can provide the 
board-level reliability work


• So, we may have two parallel projects - we will follow 
up on both
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Freescale Test Chips DescriptionFreescale Test Chips Description


• 2 test die designs, both to tape out this quarter
• Interposer floor plan will have 4 of die #1 and 1 of die #2
• Thermal characterization: both die have heaters and die #2 


also has hot spot capability
• Both die are 28nm and therefore use ultra-low-K dielectric
• There are daisy chains incorporated to test all levels of 


interconnect together and separately
• The interposer will be 18 x 28 mm, intended for 65nm
• 40,000 TSVs on the interposer
• Pitches range from 40um (microbump) to 180um 


(power/ground)
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Motivation to CollaborateMotivation to Collaborate


• Our membership includes numerous system-level 
package users. 


• IC suppliers, interposer suppliers, and wafer fabs don't 
spend many engineering resources on system-level 
issues such as SMT assembly process and board-
level reliability.


• But this information is vital to generate product 
acceptance in the marketplace. 


• Partnership of package users and package suppliers 
can find fertile common ground for collaboration. 


• IF: we can address their concerns 
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Suppliers' Concerns and NeedsSuppliers' Concerns and Needs


• Protect their IP and sensitive information
• Remember that this is NEW technology and there will 


be hiccups
• Don't publish suppliers' dirty laundry (e.g. ugly cross 


sections, early failures)
• Control sharing with competitors
• Help the suppliers' customers with SMT process 


characterization and guidelines
• Help suppliers to understand package-, board-, and 


system-level requirements
• Help suppliers to understand the package and board-


level effects on their product reliability







© HDP User Group International, Inc.


What does HDPUG have to offer?What does HDPUG have to offer?


• 2.5D assembly services
• PCB design and procurement
• SMT Process Characterization report
• SMT Process Guidelines document
• ATC testing and failure detection
• Monotonic bend testing and failure detection
• Drop-shock and vibration testing
• Sensitive TSV-level fault detection (NIST)
• Thermal analysis and models at system level
• Failure analysis (cross sections, SEM, etc.)
• Mechanical modeling
• Final report
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What does HDPUG need?What does HDPUG need?


• IC test vehicles
• 2.5D Interposer
• Drawings and net-list of test vehicle.
• Optimum test vehicle would have:
       Power cycling capability
       4-point access for NIST test, if required
       Design for F/A


• Material properties and geometries for modelling
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Outputs of the ProjectOutputs of the Project


• 2.5D Package Assembly Characterization
• Package-level Reliability Report
• Detailed SMT Assembly Characterization Report
• SMT Assembly of 2.5D Packages Guideline Document
• Board-level Reliability Report
• Board-level Mechanical Stress Models of 2.5D 


Package
• Thermal Resistance Report, empirical + model


Note: any of these can be published as Journal or Conference 
papers, if all contributors agree
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Suppliers of Interest - Status Suppliers of Interest - Status 







© HDP User Group International, Inc.


Task List - Freescale 2.5D ProjectTask List - Freescale 2.5D Project


• Freescale provide test die (2 types) and netlist


• HDPUG to source the interposer, including design and fab


• HDPUG to ensure NIST test structures are present


• IC assembly to the interposer including encapsulation and termination 
metals (Engent)


• Define all stress tests and measurements (NIST, Engent)


• Package-level stress testing (ATC, THB, HTS...?) including fault detection 


• Perform thermal resistance testing (Freescale)


• PC board layout and procurement


• SMTA assembly of 2.5D package on PCB


• SMTA process characterization report


• Board-level stress testing (ATC, Monotonic Bend, Shock/Vibe) including 
fault detection


• Weibull analysis


• Failure Analysis


• Thermal and/or Mechanical modeling
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Draft Project Flow and Schedule Draft Project Flow and Schedule 


Test Chips
Tapeout


Test Chips
Fab


2.5 Assembly
& Package


Package
Level


Stress Tests
Packaging


Characterization
Report


Netlist &
Floorplan


Interposer
Design


Interposer
Fab


F/A


Review:
What to
Publish?


Package Level
Reliability


Report


Board
Level


Stress Tests


PCB Design
& Fab


SMT Assy
Preparation


SMT
Assembly


F/A


Review:
What to
Publish?


Board Level
Reliability


Report


SMT Assy
Characterization


Report


KEY:
Red boxes are


OUTPUTS


Thermal
Testing


Thermal
Characterization


Report
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Press Fit Rework 


Project 
 


Project Update 


HDPUG Meeting 


San José, CA 02/26/14 
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• Since late 60’s or early 70’s 
 


• First press fit was a square peg into a round hole 


using a fixed geometry solid pin construction, 


original pin designed for 1.5 mm diameter finished 


holes 
 


• Recent years, compliant pins, finished holes just 


0.22 mm diameter 


Source: Tyco Electronics 


Background 







• When performing press fit component rework, the 


plated holes and their annular rings could easily get 


damaged. Questions that need to be answered are: 


– How much hole wall deformation does one, or several, 


rework(s) cause? 


– How is the pin insertion force affected by the rework(s)? 


– How is the pin retention force affected by the rework(s)?  


 


• There is a need to evaluate press fit component 


rework for the most common new components, 


boards and designs.  


© HDP User Group International, 
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Background cont. 







Project Goals 


• The goal with this project is to understand and to 


document how rework affects press fit connection 


strength and hole wall deformation for new high-


speed press fit connectors 


 


• 0, 1x, 2x and 3x rework shall be performed on 


assemblies with: 


– A range of different pin sizes/shapes/metallizations (main 


focus is on small pin sizes) 


– A few different hole sizes for each component (if possible: 


minimum, nominal and maximum specified diameters ) 


– Hole plating (ENIG and one of: ImAg, ImSn, Cu-OSP) 


– Moreover, standard board materials and designs shall be 


used 
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Expected Outcome 


• The outcome of this project shall be a document that 


specifies how press-fit rework affects 


– Pin insertion force 


– Pin retention force 


– Hole wall deformation 


 


• The project shall tell which pin and design 


combinations that work well to rework and what 


strength and hole wall deformations that could be 


expected 
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Flow Chart 


• Basic work 
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Flow Chart cont. version 1 


• Work for each chosen component, 


surface finish and hole size 


1x 


or 


2x 


or 


3x 


*For components where mixed-gas-flow 


test shall be performed 
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Yes 


No 







Flow Chart cont. version 2 
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0x 


1x 


2x 


3x 







Flow Chart cont. 


• Analyze 


– Activities after 0x, 1x, 2x and 3x rework 
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*Mixed Gas Flow Test only 


performed on 1 or 2 components 







Test Processes 


• Initial mechanical measurements of all used materials 
 


• Insertion/Retention test 
– Demand on retention and insertion force in Telcordia GR-


1217-CORE 


 


• Visual inspection according IPC-001, IPC-610, 
Telcordia GR-78 R4-10, GR-1217-CORE and IEC 
60352-5 (hole deformation, delamination etc.) 
– Directly after insertion 


– After rework 


– After retention of pins 


 
• Electrical contact resistance measurements after 


aging shall be performed for, at least, one component 
(Amphenol Xcede) 
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Operations per Package 


• If two different surface finishes are chosen and min, 


nom and max hole diameters are used for each 


component: 


– 20 x 6 = 120 components 


– 30 x 6 = 180 components (for components with Mixed Gas 


Flow test) 
 


• Amount of press-in operations 


– 120 


– 180 (for components with Mixed Gas Flow test) 
 


• Amount of removals 


– 16 x 6 = 96 


– 22 x 6 = 132 (for components with Mixed Gas Flow test) 
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Need of Boards 


• One board for each hole size (min, nom, max) 


and surface finish (e.g. ENIG, Cu-OSP) is 


needed for incoming board hole 


inspection/measurement 
– 3 hole sizes and 2 surface finishes give 6 boards  


 


• Four boards are needed for each hole size and 


surface finish for the rework test (i.e. for 0x, 1x, 


2x and 3x rework) 
– 4 boards, 2 surface finishes, 3 hole sizes give 24 boards 


 


• Altogether 30 boards are needed 
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Components  


• Below is the components that have been 


chosen for this project: 


ExaMax, 


FCI 


Impel, 


Molex 







Components cont. 


Strada Whisper, 


Tyco Electronics 


Xcede, 


Amphenol 







Components cont. 


ZDHD, 


ERNI 


DIN 41612 reference pin*, 


Molex 


*Example from FCI 







Plans for the Nearest Future 


• All Component Commitments 
– March 2014 
 


• Received all necessary rework 


information and tools 
– April 2014 


 


• Finalized Design of Test Board 
– May 2014 


 


• Start assembly and rework tests 
– June 2014 


© HDP User Group International, 


Inc. 







Test Questions 


• Who shall design the test board? 


 


• Who shall manufacture the test board? 


 


• Where shall the rework tests be performed? 


 


• Who shall do the cross-sectioning? 


 


• Who shall do the analysis? 
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Team List 


• Team List: 


 


 


• Participating Companies: 


– Dell 


– Philips 


– GE 


– Delphi 


– Curtis Wright 


– PWB Corp 


– Nihon Superior 


– Ericsson 


– Alcatel-Lucent 


– Multek 


– Cookson 


– FCI  


– Molex 


 


– TTM 


– Juniper 


– ASUS 


– Oracle 


– Flextronics 


– Plexus 


– Cisco 


– Fujitsu 


– Ciena 


– Isola 


– IBM 


– ERNI 


 


– ASE 


– Continental 


– Panasonic 


– Emerson 


– IST Group 


– Boeing 


– Fujitsu 


– ZTE 


– Sytech 


– Amphenol 


– TE 


Connectivity 


 







Tentative Schedule 


• Kick off   -  San José 2012 


 


• Idea Stage  - Q2 2012 


 


• Definition  - Q2 2014 


 


• Implementation - Q2 2014 


  


• Publish Report - Q4 2014 
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Anti-Counterfeit  
Project Update –  Feb 2014 







Project Members 


Christine Wang - Boeing  


Chris Torrioni - Sensible Micro 


Helmut Kroener – Multek  


Jeffrey Lee – IST  


Lyle Mills - Sensible Micro 


Mark Mooder – Curtis Wright  


Sean Calhoon – Yottamark  


Main Contributors 


Additional Contributors 


Alan Rae – NMIC  


Chad Noddings - Boeing  


Colm Nolan - IBM   


Dave Brown - Intel  


Laurence Schultz - HDPUG  


Marshall Andrews - HDPUG  


Yaw Obeng - NIST  







Summary 


• Counterfeit Activity is a growing problem 


• Impacting all companies 


• NDAA 2012 is a game changing piece of legislation 


• Increased FOCUS on Industry Action 


• Various groups working on various aspects 


 


HDPUG will look at data sharing requirements and 
the associated technologies that support those 
requirements to ensure e2e supply chain integrity 


 







Counterfeit – A Growing Problem 











Counterfeit Backdrop 


Source – Rand Corporation, 2012 


Drivers of Supply & Demand of Counterfeit Products 







Semiconductor industry characterized by global transfer of goods and services. 


Semiconductor Industry 


Global Value Chain 







The Global Consumer Electronic Supply Chain 


Source: Global Business of Language, 2012 







Product Authentication  


& Traceability  


in the Supply Chain 


Growing Area of Concern & Focus 







Phase 2 


 


Authentication Technology 


Evaluation  


 







HDPUG Anti-Counterfeit Project  


Phase 2 


Product Authentication & Traceability in the Electronics Supply Chain 
Title 


Phase 2 
Phase 2 – List, evaluate and compare the existing and emerging technologies for product 


authentication throughout the electronics supply chain and map those technologies to the 


data sharing requirements identified in phase 1 and identify gaps if & where they exist. 


Details 
1) Existing Technologies 


    * Project Members to identify the current technologies being used & evaluated 


    * Evaluation / Assessment of those technologies .. Applicability, Cost, Effectiveness 


    * Ranking of technology effectiveness by supply chain segment   


2) Emerging Technologies 


    * Examination of the new & emerging technologies 


    * Evaluation / Assessment of those technologies … Applicability, Cost, Effectiveness 


    * Ranking of those technologies based on effectiveness & future proofing 


Comments 


# Supply Chain Evaluation should include all major steps in the electronics SC. The 


project team must define those steps to be included and evaluated.  


# Information shared between members will be non-confidential 


# New technologies will require an SME or experienced user to explain how it works,    


what issue it addresses and the typical costs / benefits involved. 







Phase 2 - Actions 


Work Item                    Owner      Due Date 
 


1. Consolidate Technology List   Team  Complete   


2. Determine Rating Criteria   Team  Complete 


3. Complete Technology Evaluation Team  E/Feb  


4. Generate White Paper ToC  Colm  M/March  


5. Draft White Paper   Team             M/April 


6. Assemble Inputs   Laurence E/April 


7. Issue 1st White Paper Draft  Colm  M/May 


8. Edit 1st Draft    Team  E/May 


9. Issue 2nd Draft    Colm  M/June 


10. Peer review    HDPUG M/July 


11. Issue Final Document   Colm / LS E/July 


12. Issue Phase 2 Final Report  Colm / LS M/Aug 







Technology Listing 


Authentication Technology Evaluation


No Type Technology Description


1


Materials / 


Chemical DNA Tagging Adding a consigned materal to the product provided by a trusted source


2 Phosphor Tagging Adding a consigned materal to the product provided by a trusted source


3 Micro-ceramic Particles Adding a consigned materal to the product provided by a trusted source


4


Carbon-dating-like 


ingredient Chemical decay (a designed and measurable shift in performance)


5 Visual Proof   Tag Serialized label affixed with a small drop of a clear polymer that has bubbles randomly dispersed within it.   


6 Color Shift Ink Unique type of pigmentation that changes color depending on the angle of the light reflecting off the ink


7 Holographic Image Three-dimensional images change as the position and orientation of the viewing system changes 


8 Authenti Guard AuthentiGuard is a security printing and document security technology. 


9 Nano Pattern Deliberate paterning that counterfeiters cannot afford to do


10 Un-clonable Laser Mark Large two-dimentional barcodes containing 5 to 20% random errors


11 Extreme magnification Any surface mag'd enough becomes unique.Digitizing and signing this view becomes an authentication signiture


12 Bar Code


13 Electronic RFID Active and passive and can be embedded in chip


14 PUF There are half a dozen implementations of this


15 Thermal Profiling University research at Howard U. (by Dr. Preston D.Frazier)


16 Prorgramable cells fuses, Eprom, Flash, etc. - used to store private keys or other secrets


17 Odometer circuits U. of Conn. Research on circuits that change with time


18 Random Number Gen. Used to protect programmed secrets


19 Other Mass Serialisation Remote and secure database storing attribute data 


20 As-built data records Materials used in most BOM's change over time.







Technology Evaluation Criteria 


1. What it does 


 * How the technology provides authentication capability 


2. What it does not do 


 * Authentication Limitations of the technology 


3. System Requirements 


 * Key requirements for the technology to be effective 


4. Limitations / Killers 


 * Cost, Time & Expertise required, Destructive technology  


5. Examples / Comments 


 * Additional information / explanation 


6. Warnings  


 * Long term limitations & implications  







Project Flow Chart 


Phase 1 
Data Sharing Protocols 


1. Standard Distillation 


IPC-175, GS-1, Semi T20 


3. Define Supply Chain  


Requirements 


2. Review Data Structures 


4. Gap Analysis of 


Existing Standards  


5. Define Optimum  


Protocol  


7. Issue Report 


Phase 2 
Authentication Technology 


Identify Current &  


Emerging Technologies 


Create Assessment  


Methodology 


Evaluate and Rank  


Technologies 


Issue Report 


Phase 3 
Future Screening Practices 


Define Test Methodology 


 to evaluate Technology &  


Protocol 


Enlist range of SC  


Participating Companies  


Carry out  


Evaluation Study 


Identify Optimum  


Screening Practice 


Issue Report  


End 


Start 


Define Evaluation  


Criteria 


6. Industry Feedback 







Backup 
 







Phase 1 


 


Optimum Supply Chain 


Data Sharing Protocols 
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Phase 1 


Product Authentication & Traceability in the Electronics Supply Chain 
Title 


Phase 1 
Phase 1 - Define the Data sharing requirements between linked nodes on the supply chain 


that enables and supports the integrity & authentication of product between those nodes 


Details 
Currently there is no agreed method of data exchange or data sharing between hi-tech 


companies to support or facilitate product authentication. This phase will examine what 


data is required to be exchanged between companies to enable product authentication 


and ensure supply chain integrity. It will examine existing standards such as IPC-175X, 


Semi T-20 or GS-1 and building on those the team will create a protocol for forward and 


backward product authentication between nodes in the supply chain. 


Comments 


• User must specify level of criticality required 


• Mission critical may require all nodes to be covered  


• Non critical applications may need original manufacture data only 


• The Protocol will require trust is established before data is shared  


• How to know who is Trusted  has to be defined.  


• Is Certificate of Conformance (CoC) part of the protocol ?  


• Information shared is confidential but not trade secret e.g.NDA protocol 


• Authentication may compare physical attributes with manufacturing records 


• Length of time the data should be available … and how that should be managed .. 


Business model TBC 







Phase 1 - Actions 


Work Item                    Responsible       Due Date 


 


1. Standard Distillation    Dave / Yaw Nov 1st    


 - IPC-175X, Semi T-20 , GS-1    


2. Review Data Structures of these standards Team  Nov 15th  


 - Compile Data Requirements from standards Laurence / Alan  Nov  29th  


3. Define Supply Chain requirements  Team  Dec 13th  


 - Present details of the SC requirements Laurence / Alan    Jan 10th  


4. GAP Analysis of Existing Standards 


 - Review suitability of current standards  Team             Feb 7th  


 - Propose additions / mods if required  Team             Feb 7th  


 - Compile Gap Analysis   Laurence / Alan     Feb 21st  


5. Define Optimum Protocol / Policy  Team             Mar 21st  


6. Solicit Feedback from Industry  Team  April 25th 


7. Issue Report     


 - Draft Report    Colm / Laurence    May 23rd   


 - Review Draft Report   Team             June 13th  


 - Issue Final Report   Colm / Laurence    July 4th  


All Items Complete 







Standards Comparison 


Function IEC 62474 UC1? T-20 IPC 175X


Source IEC  GS1 SEMI IPC  


Title


Material Content 


Declaration and Format of 


Electronic Transmission


Specification for 


Authentication 


of Semiconductors and 


Related Products


Matrls 


Standardization 


Std.


ID of Material √ √ (all numbers) No √


ID of Manufacturer √ √ √


ID of Requester √ √


ID reg. materials present √ No


Am'ts reg. mtl present √ No


Shared Preamble √


Formal Format √ √


Move lg. data in XML √


Data Downstream √ √


Data Upstream


Auto method for mat'ls √ No


Database √ (Names of reg. mat'ls) SEMI Whitelist √


Pre-exist data structure √


Commonly used by Mfg √ √ TBD


Guide/checklist to Std √ √


XML compiler √ √


need for EAS msg,UDS or XML desc. TBD


Codes TBD


Status Final draft Complete Complete / Published In progress







Current Data Sharing 


Category No Description ERAI GIDEP US CBP


Contact 


Details 1 Name / GIDEP rep x x x


Address         x


2 Point of Contact (Ph / email) x x x


3 Company Name: x


MSRP x


Trademark Reg No x


Product 


Info 4 High Risk Part Information x x x


5 Part Number: x x


Government PN x


6 Manufacturer: x x x


    Mfg Address x


    Mfg Contact Details x


    Notification Date & result x


7 Date Code: x x


8 Lot Code: x


Country of Origin: x


9 Suspect Counterfeit Part: x x


Grade x


10 Description of Nonconformance: x x x


Supplier 


Info 11 Supplier Name & Address x x x


    Notification Date & Result x


Who provided you this part? x


Action Action Taken / Planned x


Counterfeit 


Reporting 


Requirements 







Supply Chain Requirements 


SC Step Supply Chain Stage Data Required at this Step Controls that can be applied Trust Assurances


1
Raw Materials Supplier   
(Chemicals, Metals, Pastes..)


Material Supplier ID and COC by Unique Batch ID No for all 


materials supplied Unique composition Ethical Source 


2 Wafer Manufacturer
Materials Supplier ID and COC for all materials received by 


Unique Batch ID No Unique composition Limited Source


3
Component Manufacturer          
( IC, Caps, Resistors, Cables …)


For all materials used - Wafer Supplier ID, Unique Material 


Batch ID No with COC, 


Laser Marking. Taggants, Doc Retention 


to support Product Lifecycle Approved Mfg


4


Board Manufacturer                    
( PCBs, Modules, Drives, PSUs…)


For all components & materials used - Component Supplier 


ID, Unique Component ID for high value / high risk items, 


unique Batch ID for low value / low risk items


MAC, VPD, S/N, Auth System, Taggants, 


GIDEP Alert Approved Mfg


5


System Manufacturer                  
( Complete System )


For all components - Board Mfg ID, Unique Component ID 


for high value / high risk items, unique Batch ID for low 


value / low risk items Content by S/N, GIDEP Alert Approved Mfg


6


System Integrator                          
( H/W & S/W Integration )


For all components (H/W & S/W) - System Mfg ID, Unique 


Component ID for high value / high risk items, unique Batch 


ID for low value / low risk items GIDEP Alert ??


7
Distribution                                    


( Authorised Channel )


For all products - System Integrator ID and Unqiue Product 


ID


Physical Access, Invoice S/Ns, Doc 


Retention, GIDEP Alert Authorised Distributor


8 Retail / Broker
For all products - Dist ID and Unqiue Product ID.    


Procurement & Sales record for all products


Invoice S/Ns, Doc Retention, Lab Insp 


records for IDEA brokers, GIDEP Alert IDEA Certified


9
For all products used - Distributor / Broker ID and proof of 


autenticity. Certified


10 Customer
Proof of Purchase with Supplier ID and unique Product ID 


listed Archive spare parts, GIDEP Alert


Service / Repair







SC Optimum Protocol 


SC Step Supply Chain Stage Optimum Data Protocol
Latest Version


1
Raw Materials Supplier   
(Chemicals, Metals, Pastes..)


2 Wafer Manufacturer


3
Component Manufacturer          
( IC, Caps, Resistors, Cables …)


4
Board Manufacturer                    


( PCBs, Modules, Drives, PSUs…)


5
System Manufacturer                  


( Complete System )


6
System Integrator                          


( H/W & S/W Integration )


7
Distribution                                    


( Authorised Channel )


8 Retail / Broker


9


10 Customer


Service / Repair


1. Material ID  


( Mfg, PN, SN, DOM )


2. Supplier ID


3. Date Procured


4. Where Procured


5. Customer ID


6. Customer Location


7. Date Sold


Or Batch No 







Phase 1 – Project Report 


Report 


Complete 







HDPUG Anti-Counterfeit Project  


Description  


Of Project 


Benefits to 


Members  


Expected  


Outcome  


Phase 1 - Define the Data sharing protocols between linked nodes on the supply 


chain that enables and supports the integrity & authentication of product between 


those nodes. 


Phase 2 – List, evaluate and compare the existing and emerging technologies for product 


authentication throughout the electronics supply chain that support those protocols, their 


applicability and effectiveness at all stages. 


Phase 3- Identify the optimum future product Screening practices required to identify 


counterfeit product where various levels of latest authentication technology is utilised, 


based on a multi-link test of selected protocols & technologies. 


The project will define the optimum Protocols for forward and backward traceability that 


provides built-in integrity to transactions throughout the electronics supply chain, evaluate 


the technologies that support those protocols and conduct a multi-link test to confirm 


applicability and effectiveness of the selected protocols and technologies. 


Participating companies will get a very good understanding of future data structures 


required for product authentication and the various technologies and methods, the 


principles behind them and their applicability to their own industry segment. They will also 


gain from the expertise and assessments of other participating member companies.  


Other  


Comments 


We would need interested members from all segments to get a thorough assessment 


across the entire supply chain. 


Product Authentication & Traceability in the Electronics Supply Chain 
Title 
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HDP User Group International, Inc.
Pb Free Mini Power Cycling Reliability 


Assessment


February 26, 2014


Igor Perez-Uria-Ericsson– Project Manager
Larry Marcanti - Facilitator
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Pb Free Mini-Power Cycles -Background


• High traffic operational cyclical modes, coupled with
energy saving modes at the component level, have the
potential to induce new reliability challenges by adding
new types of thermo-mechanical stress and strain to
equipment.


• Rapid and frequent mini-power cycling is now being
coupled with the well-known stress from diurnal cycling
and typical thermal operating conditions.


• The advent of Sn-based, Pb-free alloys for solder
assembly is expected to increase susceptibility to power
cycling-induced damage.







Project Proposal


Investigate these new operating modes and 
their potential impact on reliability of Sn-
based, Pb-free alloys. 


The objective is to provide realistic assessment 
of the interaction between emerging, higher-
stress operating conditions and the Pb-free 
alloy formulations. 







Test results:
2 failures of 30 tested 
modules.
Failure1: Module 774, 
C1, failed after 632 h 
Failure2: Module 777, 
C2, failed after 848 h


Test: 
Operational life 
test -1000h 


Power Cycling -Product: Power Module
Failure analysis C1/C2







IR picture of bottom side. 
Note that max temperature in 
op. life test is about 20°C below 
temperatures in this fig.


IR picture of top side with some 
ref temperatures. 
Note: max temperature in op. life 
test is about 20°C below 
temperatures in this fig.


C1 left


C1 right


Power supply Capacitor Failures







Temp curve Op. life 


Typical Temperature Cycles







Simple approach


– Use simple and cheap components (basically capacitors and 
resistors, but maybe also diodes and even integrated LDOs, 
preferably components that don’t need any control)


– Use power cycling (switching the supply power off and on)


– For components without (or almost without) internal losses, 
add a resistor close by (e.g. mount a resistor next to a 
capacitor or resistor on the backside of the board just below 
the other component. 


– Use voltage to control the losses (i.e. the losses is 
generated/controlled by the resistors)


– The IPC 9592 cycle (either the Burn-In cycle or the HTOB 
cycle), or a steady cycle  with a cycle time of about a few 
minutes to maximum 20 minutes)







Circuit diagram


• Simple circuit diagram 
describing the idea. V1 is the 
voltage source. C1 is the device 
under test (and so is R1). The 
source voltage is used to control 
the losses (and by choosing 
resistor values). Many circuits 
could (and should) operate in 
parallel, all controlled by a single 
switch and fed from one single 
voltage source. 


• (The switch is probably not 
really needed, controlling the 
voltage would be good enough) 







Visualization of the idea







Solder pastes considered by Ericsson


• Low silver pastes:


–SAC105 + 0.05Mn (Indium)


–SAC105 + 0.02Ti (Indium)


• SAC305 pastes:


–GT-R (Almit)


–F620CU0.5-88M3 (Heraeus)


(type 4 pastes, vendor in parenthesis)







Next steps 


• Need additional resources for test vehicle 
build. Plan would be to build a few test 
vehicles to validate test as first step.


• Additional devices, alloys and testing can still 
be proposed 


• This project is in idea phase it is still open to 
input from other members. 


• We will be having another project call in two 
weeks to take input from other members and 
then make decision on going to definition.







Update on original idea


• The first mini-power cycle project idea to look at
intra package effects on large processor die that are
in BGA packages. It was put on shelf because of
component costs. There is still interest in this study.


• Freescale does have heater die that may be 
available. Would still require packaging.


90 Watt 15.8mm x 15.4mm








Electro-Chemical Migration 
Going to Implementation Stage 


Mike Bixenman  
 


HDP User Group  Member 
Meeting 


Host: Flextronics  
Santa Clara, CA 


 


February 26, 2014 
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Problem Statement 


The current industry standard test protocols 


for Bare Boards and Board Assemblies were 


originally developed to identify highly ionic 


contaminant levels (halides) after a cleaning 


process.  These test protocols are not 


completely effective at identifying ECM 


exposures from no-clean flux residues. 


© HDP User Group International, Inc. 
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Background 


 


1. Various forms of corrosion and Electro Chemical 
Migration failures on products that pass the current 
cleanliness and corrosion resistance test protocols 
have demonstrated that these test procedures are 
not effective.       
 


2. The failure mechanism is the same regardless what 
segment of the electronics industry the PCBA is 
used.  
 


3. The current testing does not take into consideration 
various acceleration factors associated with no clean 
flux and product design features. 
 


 
 


© HDP User Group International, Inc 
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Project Goal 


Identify required enhancements to the 


current industry specifications, test 


methods, and coupon design to mitigate 


the electro-chemical migration and 


corrosion induced failures when no clean 


flux systems are used. 


 


© HDP User Group International, Inc. 







Project Scope 
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Areas to investigate: 
 Cleanliness testing  


 Corrosion resistance testing  


 ECM testing 


 Maximum acceptable residue levels 


 Influence of PCB manufacturing defects 


 Influence of PCBA design features 


 


Areas not to be investigated: 
• Conformal coating over no-clean fluxes.  


This may allow ECM under the conformal 


coating. 


• Solder mask test standards for ECM 


controls. 


• ImAg creep corrosion (covered by 


multiple current projects) 
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Project Deliverables 
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1.Propose changes to: 


• The Standards 


• Test Methods 


• Test Coupons 


for the IPC Committee on Coatings & 


Cleanings. 


 


2.Write a white paper and/or article. 


 


3. Internal report for Membership. 
 


© HDP User Group International, Inc. 







Project Flow Plan 


Select Test Vehicle 


Cleanliness CK.. 


Fabricate Boards 


Assemble Bds. 


ATC Test 


Failure Analysis 


Write Report and 


spec changes 


 Ø3 
Full Variables Phase 


(IPC B-52?) 


D 


Modified SM 


Assemble Bds. 


ATC Testing 


Verify corrosion 


Reproducibility 


 


Existing product used 


Ø1 
Verification Phase 


(Product) 


Completed 


By Vendor 


Modify B-52 Artwork 


Fabricate Boards 


Assemble Bds. 


ATC Test 


Failure Analysis 


Cleanliness CK. 


 Ø2 
Correlation Phase 


(IPC B-52)  


Complete Full  


Variables criteria 







Purpose:  


1.To insure that we can 


reproduce the failure in 


real time. 


 


Phase 1 (Completed) 


8 


 


Deliverables: 


1. A methodology to 


recreate the 


failure mechanism 


for the project 


© HDP User Group International, Inc. 


D 


Modified SM 


Assemble Bds. 


ATC Testing 


Verify corrosion 


Reproducibility 


 


Existing product used 


Ø1 
Verification Phase 


(Product) 


Completed 


By Vendor 







Phase 1 (Completed) 


• Open Trace DOE 


9 


3 Volts 


No 


Voltage 







Purpose:  


1.To insure that we can induce 


the failures in the IPC TV  


2. Test measurement of Variables 


before doing full DOE. 


Phase 2  (Starting Now) 
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Modify B-52 Artwork 


Fabricate Boards 


Assemble Bds. 


ATC Test 


Failure Analysis 


Cleanliness CK. 


 Ø2 
Correlation Phase 


(IPC B-52)  


Deliverables: 


1. Verification of 


DOE. 


2. Confidence in the 


modified B52 TV.      


3. Direction of IPC 


Standards 


change. 
Complete Full  


Variables criteria 


© HDP User Group International, Inc. 







Modify B-52 Test Vehicle 


11 


Modifications: 


1. Reverse the SIR coupons from 


Top side to Bottom side. 


2. Add Perpendicular Solder Mask 


slots for potential ECM. 


3. Add voltage connections to 0805 


sites. 


© HDP User Group International, Inc. 
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DOE Test Matrix 


The DOE test matrix would require 24 samples for two replicates, plus 12 samples for non-tested 


controls. 


• Flux application – 2 levels (high, low) 


• Flux type – 2 levels (high rosin, low rosin) 


• Voltage Bias – 3 levels (0, 3, 10) 


• Replicates in DOE – 2  


© HDP User Group International, Inc. 







Liquid Flux Data 
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Product Name 


Flux 


Classification No-Clean


Water 


Soluble Classification Flux Solids H, M, L 


RF800 ROL0 x Rosin 4.1 M


NR330 ORL0 x VOC Free 4.0 M


EF3215 ORL0 x Low VOC 6.2 H


EF6850HF ROL0 x Halogen Free VOC 4.0 M


EF6000 ORL0 x Low Solids No-Clean 2.2 L


EF8000 ROL0 x Low rosin No-Clean 6.0 L


EF2202 ORL0 x Low VOC 3.5 L


EF-6100P ORL0 x VOC 4.3 M


Lonco 3355-11 ORH1 x Organic Acid High Activity 17.0 H


Lonco 3355-HB ORH1 x Organic Acid High Activity 30.0 H


WS362-25 ORM0 x Organic Acid Med Activity 25.0 H


958M ROL0 x VOC 3.6 M


959T ORL0 x VOC 2.9 L


979 ORL0 x VOC Free 4.5 M


2331-ZX ORH1 x 33 H


2220-VF ORH1 x VOC Free 7.0 H


3 Tamura ULF210-RN ROL0? x Rosin 5.0 H


4 Senju 1077 ROL1? x Rosin? 7.0 H


IF2005M ORL0 x Alcohol Based 1.8 L


Terrlfic RP 65 ORL0 VOC Free 6.5 H


6 ShenMao SM-816 ROL0 x Rosin 3.4 L


7 TongFang TF-328-2 ROL0? x Rosin 2.5 L


8 Vital GW2021-2 REL0 x Resin 3.9 M


9 Nihon Superior NS-850 ROL0 x Rosin 15.0 H


L <= 3.5%


M >3.5%, <5%


H >5%


Interflux5


Supplier


Liquid Wave / Selective Wave Solder Flux 


Alpha Metals 1


Kester2
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No clean ECM corrosion failures 


Surface 
corrosion 


Solder mask 
Porosity  


Open trace / solder 
mask opening 


Open trace / solder 
mask opening 


Surface  


corrosion 


Dendrite / short / 
open 


Dendrite / 
short 


Dendrite / 
short 


© HDP User Group International, Inc. 







• Purpose is to correlate J-STD-004 data with 


modified B-52 data findings 


15 


Test IPC-TM-650 Test Board / 


Coupons 


Qty 


/cell 


Controls 


(non 


tested) 


No of 


Test 


Cells 


Total 


Processed 


Boards 


Blanks Total 


Boards 


SIR Test 2.6.3.7 IPC B-24 5 2 4 20 1 29 


Copper 


Mirror 


Test 


2.3.32 Copper 


Mirror 


coupon 


3 2 4 20 1 21 


Corrosion 


Test 


2.6.15 Cu Clad 


Coupons 


3 2 4 20 1 21 


ECM Test 2.6.14.1 


2.6.3.3 


IPC B-


25A 


5 2 4 28 1 29 


DOE Test 


Vehicle  


IPC B-52 


modified 


24 12 1 36 1 37 


Phase 2 Test Plan 
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SIR  


• Biased ~ IPC B-24 


• 40°C/90% RH 


• Seven days  







ECM 


• IPC B-25A ~ Biased  


• 65°C/85% RH 


• 21 days 


• IR measurement at  


96 hours 


• 500 hr.  


measurement 


• 1 decade drop in IR  


constitutes a failure 







Copper Mirror 


• Flux application as received  


• Classify flux corrosivity 







Corrosion 


• Flux reflowed onto coupon 


– 50°C/95% RH 


– 7 days 







Modify B-52 Test Vehicle 
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Modifications: 


1. Reverse the SIR coupons from 


Top side to Bottom side. 


2. Add Perpendicular Solder Mask 


slots for potential ECM. 


3. Add voltage connections to 0805 


sites. 
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Purpose:  


Define the process criteria to insure: 


1. Board Cleanliness 


2. No corrosion resistance  


3. No ECM 


 


Phase 3 


21 


Deliverables: 
1. Propose changes to 


IPC on Standards, 


Test Methods, Test 


Coupons. 


2. Write a white paper 


and/or article. 


3. Internal report for 


Membership. 
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Select Test Vehicle 


Cleanliness CK.. 


Fabricate Boards 


Assemble Bds. 


ATC Test 


Failure Analysis 


Write Report and 


spec changes 


 Ø3 
Full Variables Phase 


(IPC B-52?) 







Project Schedule - Ø2 


 ACTIVITY  Company        Est.Date  Actual 
• Provide Gerber for latest IPC B-52 Bd. Plexus  Comp Comp 


• Provide Modify instructions to TTM Dell   Comp Comp  


• Modify test board designs   TTM  03/07/14 


• Ship Fab test boards   TTM           03/21/14 


• Serialize boards   Kyzen  03/28/14 


• Cleanliness characterization of PCB’s Kyzen   04/11/14 


• Ship wave solder fluxes to Plexus Enthone  04/11/14 


• Ship Assembly TV ( Apply Fluxes,)   Plexus           05/09/14 


• Perform ATC type testing on boards Agilent                   10/24/14 


• Perform SIR type testing on boards Dell                   11/07/14 


• Define post-test analysis plan  Kyzen                   11/03/14 


• Perform post-test analysis  Dell                   11/21/14   


• Perform post-test analysis  Foresite                    12/05/14 


• Write Report   Kyzen  01/23/15 
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Team Members 


• Agilent  


• Alcatel-Lucent  


• Arlon  


• Celestica 


• Ciena 


• Cisco 


• Dell 


• Enthone  


• Ericsson 


• Flextronics 


• Fujitsu 


• Huawei 


 


• IBM 


• Indium 


• Isola 


• Kyzen * 


• Nihon-Superior 


• Oracle 


• Panasonic 


• Parkelectro 


• Phillips 


• Plexus 


• Senju-Comtek 


• TTM Tech 


   * Team Leader 


23 
© HDP User Group International, Inc. 








Low/No Silver Alloy 


Solder Paste 


Project Leader: Jennifer Nguyen, Flextronics 


Project Facilitator: John Davignon  


 


 HDP User Group Member Meeting  


Feb 26, 2014 


Definition Stage : Phase 1 


Process Feasibility Study 







Project Background  


• Price of the metals and particularly silver (Ag) has 


been increasing in recent years. This has created 


an increased interest in the use of low/no silver 


alloy in the manufacturing processes. 


• Low silver alloys (such as SAC105) for the BGA 


solder balls are being used in products. 


• Within the past couple years, many alternative 


low/no silver alloy solder pastes have been 


developed and are available in the market. 
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Project Drivers/Gaps 


• A need to reduce the assembly cost for some 
products 


• A need to expand the process window by lowering 
the process temperature 


• There is very little information about the alternative 
(low/no) alloy solder paste, its process feasibility 
and reliability. (Reliability studies have been done for the 
alternative low/no silver alloys solder balls).  


• There are no other industry projects that we are 
aware of on low/no silver alloy solder paste. 
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Purpose of Project 


• Provide data on the process feasibility and 


reliability of Low Ag Alloys solderpaste for some 


market segments.  


• Low Ag/High Temp Alloys could provide a lower 


cost assembly/product 


• Low Ag/Low Temp Alloys could provide: 


– Less Thermal Stress on PCBA’s with large BGA’s 


– Lower Peak Temperatures and therefore potentially 


lower PCB/component warpage 


– Lower Environmental impact, Lower Energy Use 


therefore Lower Carbon Footprint 
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Scope 


• This project will characterize the process feasibility 


and measure the reliability of low/no silver alloy 


solder pastes including  


– Low/no silver high temperature alloy solder 


pastes (liquidus temperature >217°C)  


– Low/no silver low temperature alloy solder 


pastes. (liquidus temperature <217°C) 


• This project will not focus on low/no silver alloy 


composition or material evaluation nor recommend 


a low/no silver alloy solder paste. 
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• Complete a process feasibility characterization 


on Low Ag Alloy Solderpaste 


– Design/run a DOE for both high and low temp alloys 


– Analyze the microstructure and morphology 


– Publish the results of the Process Feasibility evaluation. 


• Complete a reliability evaluation on Low Ag Alloy 


Solderpaste and compare the data with SAC305 


– Design/run a DOE for both high and low temp alloys 


– Thermal/Mechanical stress the solder joints and 


compare to baseline 


– Publish the results of the Reliability evaluation  


© 2013 HDP User Group International, Inc.  All rights reserved 
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Project Objectives 







Phase 1_ Deliverables 


• Publish the Process Window for Low Ag Alloys 


Solderpaste 


• Publish the results of Low Ag Alloys Solderpaste 


evaluation, including : 


– Printability  Wettability 


– Voiding Behavior Bridging  


– Common Defects  


• The HDP Membership will receive the complete un-


coded alloy results 


• The team will publish a coded version of the results in 


a paper/presentation at several major conferences 


(SMTA/IPC) to help encourage the industry to accept 


alternative alloys solderpaste 
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Phase 1_ Benefits and Impacts 


• Low Ag / High Temperature Alloys can enable a more cost 


effective product though the reduction of silver usage. (This 


will benefit both CMS/EMS and OEM/ODM’s) 


 


• Low Ag / Low Temperature Alloys can extend the 


temperature headroom for assembly. We are running out of 


temperature headroom with Pb Free especially for large 


components. (This will benefit the CMS/EMS and 


component suppliers) 


 


• Low Ag / Low Temperature Alloys can provide a more 


flexible product, example; Hand Soldering can be done at 


lower temperatures and lower rework damage. (This will 


benefit CMS/EMS) 
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Phase 1_ Benefits and Impacts 
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• Low Ag / Low Temperature Alloys can improve reliability of 


the final product by lowering thermal stress and warpage 


on the components/PBCA. (This will benefit OEM and 


OEM Customers) 


 


• Low Ag / Low Temperature Alloys are more 


Environmentally Friendly. They lower ground pollution, 


lower energy consumption by lower processing 


temperature. (This will benefit the Global Population and 


reduce the carbon footprint of products for the OEM). 


 


• The wider acceptance of Low Ag Alloy will open markets 


for our Alloy Material Suppliers. (This will benefit the Alloy 


Suppliers) 
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Phase 1_ Execution Plan 


Tasks     Plan 


•Project Planning    Q3/2013 


•DOE Define    Q4/2013 


•Material Selection   Q4/2013 


•Material Procurement   Q2/2014 


•Test Vehicle 


• Components 


•DOE1 Assembly    Q4/2014 


•DOE 2 Assembly    Q4/2014 


•Failure Analysis    Q1/2015 


•Report     Q2/2015 


•Phase 2 Reliability    Q1/2015 
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Technical Discussion 


11 







Phase 1_ Variables 


• Alloy composition (see candidate list) 
– Low Ag High Melting Temperature 


– Low Ag Low Melting Temperature  


• Reflow temperature  
– Low/Medium/Hot (profiles will depend on the alloy 


liquidus temperature). 


– N2 vs. Air  


• Component type  
– BGAs, QFNs, chip components, PTHs 


• Board surface finish 
– OSP 


– ENIG, I-Ag (will be tested with only 1 reflow condition for 
all alternative solder pastes) 


12 © 2013 HDP User Group International, Inc.  All rights reserved 


 







Phase 1_ Candidates 


© 2013 HDP User Group International, Inc.  All rights reserved 
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Phase 1 _ Test Vehicle 


© 2013 HDP User Group International, Inc.  All rights reserved 
14 


• Flextronics Multifunction Test Vehicle, Rev 1.0 


• Board Dimension: 225mm x 150mm x 1.67mm  


• Board S.F = OSP, I-Ag, ENIG 







Phase 1 _ Components 


© 2013 HDP User Group International, Inc.  All rights reserved 
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No. Description Designator Qty MPN Mfr


1 Resistors,0201, lead-free, 0 ohm R1-R20 20 TBD TBD


2 Resistors, 0603, lead-free, 0 ohm R61-R100 40 TBD TBD


3 Resistors, 2512, lead-free, 0 ohm R350-R359 10 TBD TBD


4 BGA196 pin, 1.0mm pitch U1 1 A- CABGA196-1.0mm-15mm-DC-LF305 Practical Components


5
QFP208, 28x28mm, 0.5 mm pitch U3


1
A-QFP208-28mm-.5mm-2.6-DC-Sn Practical Components


6 BGA,1156 pins,35x35mm, 1mm pitch, LF U309 1 A-PBGA1156-1.0mm-35-DC-LF-305 Practical Components


7 BGA,676 pins,27x27mm, 1mm pitch, LF U310 1 A-PBGA676-1.0mm-27-DC-LF-305 Practical Components


8
QFN, 88 pins, 10x10mm, .4mm, LF U314


1
A-MLF88-10mm-.4mm-DC-Sn Practical Components


9
BGA,360 pins,5x5mm, 0.4mm pitch, LF U304


1
A-CVBGA360-.4mm-10mm-DC-LF-305 Practical Components







Phase 1_ DOE 1 Matrix  


Low Ag / High Temperature 


• Factor (level) 


• Paste type (9) 


• Reflow Condition (3) 


• Board qty: 9 boards/ alloy  


• Total qty = 9 boards  x 9 
alloys = 81 boards 


•Reflow condition: Air 


DOE 1 tests different solder paste materials 


and reflow temperature conditions 


 


Low Ag / Low Temperature 


• Factor (level) 


•Paste type (9) 


•Reflow Condition (3) 


• Board qty = 9 boards/ alloy  


• Total qty: 9 boards x (8 alloys  
+  1 control )= 81 boards 


•Reflow condition: Air 


Total Quantity for DOE 1 = 81+81= 162 boards 
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© 2013 HDP User Group International, Inc.  All rights reserved 







Phase 1_ DOE 2 Matrix  


Board Surface Finish (1 reflow 
condition) 


• OSP (from DOE1) 


• I-Ag 


• ENIG 


• 3 boards / alloy 


• High Temp Qty = 3 boards x 9 
alloys x 2 S.Fs = 54 boards  


• Low Temp Qty = 3 boards x 8 
alloys x 2 S.Fs = 48 boards 


DOE 2 tests for different board surface finish 


and reflow atmosphere 


Reflow Atmosphere (1 reflow 
condition) 


• Air (from DOE 1) 


• N2  


• High Temp Qty = 3 boards x 9 
alloys x 1 add. Reflow (N2) =  
27 boards  


• Low Temp Qty = 3 boards x 8 
alloys x1 add. Reflow (N2)= 24 
boards  


Total Qty for DOE 2:  54+48+ 27+24=153 boards 
© 2013 HDP User Group International, Inc.  All rights reserved 17 







Resources Needed/Committed 


Task Resource Complete Date 


Solder Materials for DOE’s Indium, Tim Jensen 


Senju, Derek Daily 


Nihon Superior, Keith Howell 


Q2“14 


Component Acquisition Juniper, Helen Turner Q1”14 


Test Vehicle Design/Files Flextronics, Jennifer Nguyen Q1”14 


Test Vehicle Fabrication Chris Katzko, TTM Q2’14 


Assembly Low Temperature 


DOE1 


DOE2 


Thilo Sack /Simin Bagheri, Celestica 


 


Q4”14 


Assembly High Temperature 


DOE1 


DOE2 


Flextronics, Jennifer Nguyen 


Sanmina, Iulia Muntele 


Q4”14 


Cross Section & Failure Analysis Alcatel Lucent, Richard Coyle 


Nihon Superior, Keith Howell 


Q1”15 


Report Writing/Correlation Flextronics, Jennifer Nguyen 


Team inputs 


Q2”15 


© 2013 HDP User Group International, Inc.  All rights reserved 
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Project Definition Participants 


• Jennifer Nguyen, Flextronics (Project 


Lead) 


• Richard Coyle, Alcatel-Lucent 


• Joe Smetana, Alcatel-Lucent 


• Karl Seelig, AIM Solder 


• Alan Dolan, AIM Solder 


• Thilo Sack, Celestica 


• Simin Bagheri, Celestica 


• Brice Achkir, Cisco 


• Steven Perng, Cisco 


• Sean Mirshafiei, Cookson 


• Bo Song, Draeger 


• Igor Perez-Uria, Ericsson 


• Al Ortiz, Ericsson 


• David Geiger, Flextronics 


• Shunichi Kikuchi, Fujitsu 


• John Davignon, HDPUG  


• Marshall Andrews, HDPUG 


• Marie Cole, IBM 


• Tim Jensen, Indium 


• Ning-Cheng Lee, Indium 


• Weiping Liu, Indium 


• Arnab Dasgupta, Indium 


• Andy Mackie, Indium 


• Raiyo Aspandiar, Intel 


• Jeffrey Lee, ISTgroup 


• Helen Turner, Juniper Networks 


• Po Tse, Phillips 


• Mark Kolenik, Philips 


• Manas Dash, Philips 


• Kirk VanDreel, Plexus 


• Mulugeta Abtew, Sanmina 


• Iulia Muntele, Sanmina 


• Derek Daily,Senju 


• Keith Howell, Nihon Superior 


• Jim Wilcox 
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Project Flow Chart 


Finalize Project 


Objectives 


Test Vehicle 


Layout 


Finalize Build 


Matrix and 


Resource 


Acquire Materials 


(paste, components, 


test vehicle, etc…) 


DOE Assembly 


and Inspection 


FA (Cross section 


& Microstructure 


Characterization) 


Reliability 


Testing 


Final Report 


FA (Cross section 


& Microstructure 


Characterization) 


Phase 1: Process Feasibility Study 


Phase 2: Reliability Study 


Verification and 


Reliability Build 


© 2013 HDP User Group International, Inc.  All rights reserved 21 







Challenges 


SAC0307  SN100C SAC305  


• Low/no silver alloy solder pastes may result 


in more defects such as solder balling, voiding 


(especially on QFN components) and solder 


bridging, etc... However, data is very limited. 


© 2013 HDP User Group International, Inc.  All rights reserved 22 







Process Feasibility 


• Some low/no silver alloys can have the 


good printability and wetting 


characteristics. 


• It’s feasible that alternative alloy solder 


paste can be used for some products. 


© 2013 HDP User Group International, Inc.  All rights reserved 


23 







Process Feasibility 


• No abnormality was seen on the BGA solder joint reflowed 
with alternative alloy solder pastes. 


SAC305 SAC0307  SN100C 


© 2013 HDP User Group International, Inc.  All rights reserved 
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Ultra Thin HDI  


Multi-purpose Test Vehicle 


Idea Stage Project 
C.B. Katzko, TTM Technologies 
 
HDPUG Member Meeting, 2014 February 26 
Santa Clara, California, USA 
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“Only a few Tamagotchi were harmed 


in preparation of this presentation” 


Disclaimer 
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Computer Market Disruption 


• Welcome to the “Post PC Era” 


• 7 consecutive quarters of decline, 2012-2013 -10% Year-on-Year 


• Smartphones >50% share of mobiles in 2013, billion unit market 


• Low cost “hybrid” tablet/PCs and Chrome Book PCs emerging 


• Software as a Service and Cloud Computing rapidly replacing the 


packaged software application paradigm 


• “Internets of Things” = explosion of modules everywhere 
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Gartner 1995 - 2013  
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User Device Market Trends 
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Gartner 2014 Jan 07  - http://www.gartner.com/newsroom/id/2645115 


2012 2013 2014 2015


Mobile Phone 1,746,177,000 1,804,334,000 1,893,425,000 1,964,788,000


Tablet 119,529,000 179,531,000 263,450,000 324,565,000


Ultramobile 9,344,000 17,195,000 39,636,000 63,835,000


PC 341,273,000 299,342,000 277,939,000 268,491,000


0


500


1,000


1,500


2,000


2,500


3,000


M
ill


io
n


s 
Worldwide Device Shipments by Segment (Units) 







User Device Market Trends 
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Source : IDC 2013 Sept 11 - http://www.idc.com/getdoc.jsp?containerId=prUS24314413 


2012 2013 2014 2015 2016 2017


Smartphone 59.46 65.17 67.97 69.04 69.82 70.47


Tablet 11.81 14.61 15.34 15.86 16.26 16.54


Notebook PC 16.52 11.61 9.69 8.93 8.41 7.99


Desktop PC 12.21 8.61 7.00 6.17 5.51 5.00
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Modular Computing Technology 


Intel ® NUC Next Unit of Computing 


Intel ® NUC Next Unit of Computing 


Ars Technica – 2014 Jan 06 


DIY - add your own DDR3, 
wireless, SSD or HDD 


Open Compute Project 


“vanity-free” processor sled 


Conventional MLP & HDI 
Trending to stacked via BGA 







Hand Held Technology 


© High Density Packaging Users Group, Inc. Source : iFixit  http://www.ifixit.com/Teardown/iPhone+5s+Teardown/17383 


ALV-HDI logic board 
populated 2 sides 


Li-ion 
Battery 


flex PCB camera 


flex PCB  
camera/sensors 


flex PCB 
home button 


rigid-flex PCB  
audio jack, lighting port 


integrated 
display 


panel 


flex PCBs 
switches & 


sensors  


flex PCB video driver 


shield 


HDI PCB  


audio/speaker 


PoP SoC 







CSP Ball Pitch Design Rules 


Variable 0.80mm 0.60mm 0.50mm 0.40mm 0.30mm 


CSP Ball Diameter 460um 275um 275um 240um 210um 


NSMD Copper Pad Diameter 450±25 265±20um 265±20um 225±20um 160±15um 


NSMD Soldermask  Diameter 550±25 375±25um 375±25um 325±20um 220±15um 


Overlay Tolerance (max) ±50 ±50 ±50 ±40 ±20 


Peripheral Routing Escape 


Lines/Channel x Width 


1 x 100um 


2 x 70um 


1 x 100um 


2 x 60um  


1 x 75um 


2 x 40um 


1 x 50um 


2 x 35um 
1 x 40um 


Via Interconnect Escape 
Staggered 


or Via in Pad 


Staggered 


or Via in Pad 


Staggered 


or Via in Pad 


Staggered 


or Via in Pad 
Via in Pad 


SMD Copper Pad Diameter 550±25 375±25um 375±25um 325±20 220±15um 


SMD Soldermask Diameter 450±25 265±20um 265±20um 225±20 160±15um 


Overlay Tolerance (max) ±50 ±50 ±50 ±40 ±20 


Peripheral Routing Escape 


Lines/Channel x Width 


1 x 80um 


2 x 50um 


1 x 70um 


2 x 40um 
1 x 40um 1 x 25um 1 x 25um 


Via Interconnect Escape 
Staggered 


or Via in Pad 


Staggered 


or Via in Pad 


Staggered 


or Via in Pad 
Via in Pad Via in Pad 


Standard HDI (e.g., 1+, 2+) Advanced HDI (3+ … ALV) 







Advanced HDI Roadmap 


BGA Design Rules (microns)             


                  


BGA Pitch 
Signal 


Routing 
Inner Line Inner Space Laser Via Inner Pad Outer Pad SM Opening Remarks 


0.40mm 1 Track 0.7 - 100 200 225 300 JISSO Roadmap 


0.40mm 1 Track 60 65 75 200 200 275 Current Practice 


0.40mm 2 Track 40 45 75 180 180 255 
Next Gen High I/O SoC,  


requires mSAP 


0.30mm 1 Track 50 - 75 150 240 175 JISSO Roadmap 


0.30mm 1 Track 50 50 75 200 240 175 Current Practice 


0.30mm 2 Track 30 30 75 150 240 175 Forecast, requires mSAP 


0.25mm 1 Track 50 50 50 100 - - 
JISSO Roadmap,  


requires mSAP 


0.15mm 1 Track 25 25 30 75 - - 
JISSO Roadmap,  


requires coreless & SAP 


                  


                  


Dielectric Thickness (microns)             


                  


Min BGA 
Signal 


Routing 
Core Layer 


Build-up 


Layer 
Total Layers Remarks     


0.40mm 1 Track 60 60 10 Current Practice STD HDI     


0.30mm 1 Track 50 45 10 ~ 12 Current Practice ADV HDI     


0.30mm 2 Track 40 40 10 ~ 12 Next Generation ADV HDI  @ limit of existing FR4 


0.25mm 1 Track 40 30 ~ 35 10 ~ 12 Forecast 2015-2016 beyond limit of existing FR4   


@ limit or beyond 


subtractive process 







HDI / ALV Design Trends 


• Handheld/wearable electronic packaging: 


• Design envelope dominated by batteries & displays 


• Miniaturized & modularized PCBA design with high flex content 


• Extensive use of SoC design, with SiP, PoP & WCSP packaging 


• Low profile CSP, WCSP & microQFN devices, 0.40~0.30mm pitch 


• Ultra-thin 8-14 Layer HDI PCB design, current and near term: 


• Via in Pad/stacked via ICT with decreasing pad diameter 


• Conductor line/space design rules approaching 40/60 


• 2 track routing in 0.40umm pitch devices up to 36x36 BGA 


• 25~40um dielectrics 


• 250~800um thickness 


• Flex & coreless HDI 
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performance & 


reliability stack-


up? 







Problem Statement 


•  Methods & test vehicles lag design by a decade 


• Do not capture interconnect density or thinness 


• Miss potential failure mechanisms (e.g., ion migration) 


• Low density patterns introduce artifacts not seen in production 


(e.g., laminate voids, localized distortion) 


• Standard test parameters may exceed limits of design 


• Standard test vehicles abandoned by OEMs in favor of non-


standard “end product” test vehicles 


• Widens gaps between up-stream development & product design; 


back-end product testing before launch a is high risk strategy 


• Major OEMs work in a black box expecting component, PCB & 


material supply-chain actors to provide solutions from a vacuum 
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Project Proposal 


•  Design, test & standardize an open-source HDI test vehicle 


for qualification of materials, components, PCBs & PCBA 


• Scaled to smartphone form factors 


• Modularized, based on 50mm x 50mm increments for various 


mixes of bare board & assembly TVs 


• 0.40, 0.35, 0.30 & 0.25mm pitch BGA devices 


• 01005 (and smaller?) chip passives 


• 40/60um nominal line/space design rules  


• All Layer Via interconnect with stacked vias, Via in Pad 


• 12 layer build-up with alternating plane/signal pattern density 


• Deliverables: TV Design, test build & test report 


• Duration : 12-16 months (depending on duration of tests) 
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General Project Work Flow 


PCBA TV PCBA TV 


Data Analysis & 


Failure Analysis 


PCBA Assembly 


& ICT 


PCB Fabrication 


& SOT 


PCB TV PoC 


Build & Test 


( reflow, MSA ) 


PCB TV 


Redesign  


( if required) 


PCBA Assembly 


Tooling Design 


& Preparation 


PCB Materials 


Components  


& Assembly 


Materials 


Short 


Term 


Tests 


Long 


Term 


Tests 


Test Report Paper & Poster 


PCBA TV PCB TV PCB TV 


Short 


Term 


Tests 


Long 


Term 


Tests 


End 


Start 
PCB TV Design 


& Tooling 


Idea Stage 


Implementation 
Stage 







Test Work Flow 


8 sets 


Start 


8 sets 


8 sets 


Start 


8 sets 


PCB TV  


Test Kit 


Without 


Conditioning 


Reflow 


Simulation 


6x, 12x 


0.40mm BGA 


0.25mm BGA 


01005 passive 


PCBA TV  


Assembly & Kit 


- 4 Point Bend 


- JEDEC Drop 


- Mechanical 


- Thermal 


- IST 


IST Pass 


triggers ASSY 


- CAF 1000 hrs 


- AATS 2000 x 


- AATS 2000x  


or beyond (fail) 


Data Analysis,  


Failure Analysis 


& Reporting 


End 
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Active Participants 


Engent  Fei Xie  


Kyzen  Mike Bixenmann  


Panasonic Tony Senese 


TTM Tommy Huang 


Angela Lee 


Summer Xiao 


C.B. Katzko Project Leader 


HDPUG Ruben Bergman 


Robert Smith Project Facilitator 







Supporters & Friends 


Alcatel-Lucent Joseph Smetana ITEQ Robert Hung 


Boeing Kenneth C. Noddings  Kyzen  Mike Bixenmann  


Curtiss-Wright Ivan Straznicky Nihon Superior Keith Howell 


Engent  Dan Baldwin Panasonic Abe Tomoyuki 


Paul Houston Park Electro Silvio Bertling 


Flextronics Jennifer Nguyen Poltronic Paul Collander 


HDPUG Jack Fisher Sekisui Hiroya Ishida  


Lawrence Schultz Shengyi Sytech Kevin Zhang 


Marshall Andrews TTM Technologies Zaron Huang 


Hitachi Chemical Ken Hikida Marika Immonen 


Takahiro Tanabe Tarja Rapala 


Isola Fred Hickman Texas Instruments Luu Nguyen  


TUC Alan Cochrane 







Want Ad 


• Member Support 


• Device ODMs (design input, review, dotation) 


• PCB designers (design input/review) 


• Captive or Independent test labs (work) 


• Material Resources 


• Daisy-chain devices (donated or purchased) 


• Passive devices (donated or purchased) 


• Assembly materials suppliers (solder, Underfill) 


• Test services 


• Working Timeline/Commitment 


• Design 3-4 months (covered) 


• PoC Lot Fabrication & Test  1 month (done) 


• PCB Fab, Assembly & Test 6-9 months  
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Test Vehicle Design Progress 







PCB TV Proof of Concept Build 


peel strength 


strips 


thermal 


analysis 


(w/ copper) 


thermal 


analysis 


(w/o copper) 


High-Pot 


layer/layer 


line/line 


4 point 


bend 


BGA ball 


shear/pull 


multi-pattern 


delamination 


stacked via 


hole/hole 


CAF 


0.30/0.40mm 


layer/layer 


CAF 


PTH hole/hole CAF 


0.60/0.50mm pitch 
PTH daisy-chain 


0.60/0.50mm pitch 


stacked via daisy-chain  


0.30/0.40mm 


stacked via 


IST coupons 


0.30/0.40mm 


line/line CAF 


75/50um spacing 







50 x 50mm Module 


connector & break-away coupon zone 
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6mm x 38mm 


1~4 sides 


as required 


populated zone 


38mm x 38mm 


Ø 2mm NPTH 


for fixture or 


hanging 


Connectors : 2.54mm pitch 


Wire : 26 AWG or 28 AWG 


Pins : Typically 0.50mm square 


PTH :  Ø1.05mm (1.2mm drill) 


3mm 


3mm 


support tab of 


fixture 







Set Design 
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Panel Layout 


• 2 set designs, “PCB test” & “PCBA” test, 2+2 sets per panel 
• Sets step diagonally opposite, “inside” & “outside” 
• “PCBA Test” sets can be divided into sub-sets for assembly 


Set B1 


 PCBA 


Set A 


PCB 


Set B2 


PCBA 


Set A2 


PCB 


500mm Y-axis (warp) 
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PCB Floor Plan 
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Y-axis (warp) 


Drop  


Test  


Holes 


One  
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12 Layer Build-up 


• Typical logic board design is 10-14 layers 


• 12 layers is best match to electrical & IST coupons 


• 1037 construction for proof of concept builds 


  Layer Material Type 
Target  


Thickness um 
Description Cu Density   


B
u
ild


-u
p
 L


a
ye


rs
 


1 9um Cu Foil + Cu Plating 25 SMD Assembly -   


  1x1067, 1037 or 1027 0.4 Prepreg Dielectric     


2 9um Cu Foil + Cu Plating 18 Plane 75%   


  1x1067, 1037 or 1027 40 Prepreg Dielectric     


3 9um Cu Foil + Cu Plating 18 Signal 50%   


  1x1067, 1037 or 1027 40 Prepreg Dielectric     


4 9um Cu Foil + Cu Plating 18 Plane 75%   


  1x1067, 1037 or 1027 40 Prepreg Dielectric     


5 9um Cu Foil + Cu Plating 18 Signal 50%   


  1x1067, 1037 or 1027 40 Prepreg Dielectric     


C
o
re


 6 9um Cu Foil + Cu Plating 18 Plane 75%   


  0.60mm 1x1067 or 1080 60 Core Dielectric     


7 9um Cu Foil + Cu Plating 18 Plane 75%   


B
u
ild


-u
p
 L


a
ye


rs
 


  1x1067, 1037 or 1027 40 Prepreg Dielectric     


8 9um Cu Foil + Cu Plating 18 Signal 50%   


  1x1067, 1037 or 1027 40 Prepreg Dielectric     


9 9um Cu Foil + Cu Plating 18 Plane 75%   


  1x1067, 1037 or 1027 40 Prepreg Dielectric     


10 9um Cu Foil + Cu Plating 18 Signal 50%   


  1x1067, 1037 or 1027 40 Prepreg Dielectric     


11 9um Cu Foil + Cu Plating 18 Plane 75%   


  1x1067, 1037 or 1027 40 Prepreg Dielectric     


12 9um Cu Foil + Cu Plating 25 SMD Assembly -   


        650.4       


        Total Thickness       


                


  NB - Prepreg resin content % requires adjustment based on copper pattern density     


Confirmed 


for Design 


high 


density & 


thickness 


yield 


low density 


& thickness 


yield 







Thank You 


Q&A 
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