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Abstract 
Beginning July 2006, the electronic industry will enter the age of lead –free assembly and products in Europe.  The removal 
of lead from electronics brings massive changes for all companies in the supply chain, OEMs and contract manufacturers. 
 
Lead Free SMT assembly poses many challenges for soldering and reflow processes.  It requires significant process 
optimization efforts to perform high volume manufacturing successfully and get good, reliable solder joints.  Migration to 
lead free assembly requires careful balancing of bill of materials with reflow profile.  Double sided reflow requires careful 
balancing of delta T from Side A to Side B reflow.  
 
Cellphone assembly requires the use of thin form factor PWBs to meet the drive for miniaturization and thin, light products.  
This is accomplished by using HDI- high density interconnect boards or build up technology boards. [1]. These PWBs have 
stacked microvias, which are laser drilled and plated.  The switch to lead free assembly requires the use of higher reflow 
temperatures, so evaluation of the microvia connections after reflow is critical after assembly. 
 
Solder joint reliability evaluations have to focus on Ball Grid array solder joint integrity, SMT packages, passive components 
and connector solder joints.  Rework processes are an essential part of the reliability evaluations as higher peak temperatures 
for rework may affect PWB laminate, near neighbor components and package integrity. 
 
This paper presents the results of lead free solderability qualification conducted at Kyocera-Wireless Corporation.  The report 
summarizes the results of X-sectional analysis, shear testing, thermal shock and temperature humidity testing of lead free 
assemblies using a HDI board. 
 
The paper summarizes the surface mount assembly evaluation conducted to ensure the stability of the laminate and microvias 
through the double-sided reflow process and rework.  This was evaluated as a part of the phone product qualification build. 
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Introduction 
Fine pitch packages with high pin count and PWB applications requirements are driving the need for high-density 
interconnect design capabilities using microvias.  
 
HDI and lead free assembly technology is emerging in handset industry; however, production level reliability data for 
double-sided surface mount assembly is not readily available.  This requires users to establish their own reliability data thru 
reflow and rework processes. Dynamic testing data is also needed to assess reliability of handset applications. 
 
This paper presents the assembly qualification of the HDI technology through 2 pass reflow and 1 pass rework.  Results of 
solder joint reliability testing, shear test and X-sectional analysis are presented. 
 
PWB Design and Fabrication 
The PWB was designed as an 8-layer thin board 0.8 mm thick.  The PWB had an HDI configuration with copper plated 
microvias in the outer 2 layers. The PWB laminate was high glass transition temperature (Tg) FR-4.  The surface finish on 
the PWB was electroless nickel/immersion gold. Figure 1 shows the X-section of a HDI PWB with stacked microvias.  
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Figure 1 - HDI (High Density interconnect PWB 
 
Wetting Balance Test 
Wetting balance test was conducted on several solder paste materials of which one was selected.  The selected paste had  
wetting properties that were better than  the leaded paste for both wetting time and  wetting force.  The wetting force and time 
is summarized in Table 1. 
 

Table 1 - Wetting Balance Test Results 
 
 
 
 
 
 
 
 
 
Board Assembly: 
Board assembly process was a double-sided surface mount assembly soldering of ball grid array packages, connectors, chip 
resistors, capacitors, diodes, and several other fine pitch SMT (surface mount) packages.etc.  The assembly was reflowed in 
convection air at a peak temperature of 245C. The solder paste used for assembly SAC 305 (Tin96.5/silver 3/copper 0.5)– No 
Clean version.  The product required a double-sided assembly.  Lead based assembly was conducted using (tin/lead /silver 
2%) paste as a control to compare results with lead free. 
 
Shear Testing: 
Mask defined as well as etch defined pads were used for soldering BGAs.  Shear testing was conducted to compare the 
differences between two pastes.  Shear values were also compared to existing etch defined pads used in HDI boards. Table 2 
shows Shear Test Post Reflow (Pounds).  Lead free paste assemblies had higher shear value. 
 
 

Table 2 - Shear Test Post Reflow (Pounds) 
 
 
 
 
 
 
 
 
Post Reflow X-Sections 
X-sections were performed on the BGA packages and other components to evaluate the quality of the solder joints and ensure 
compliance to IPC 610 – Rev D for lead free packages and IPC 7095 for BGA packages.  Also microvia integrity was 
evaluated with X-sectional analysis.  X-sections showed acceptable solder joints and no degradation of microvias. [2, 3]. 
Figure 2 shows the X-sections on an etch defined pad and Figure 3 shows the X- section of a mask defined pad.  The standoff 
height of the joint is higher for a mask-defined pad. For PWB assembly process, lot/lot consistency is essential.  The 

 Pb Free Paste  Pb Paste 

Wetting Time (sec.) 0.3-0.5 0.8-1.3 

Wetting Force (mN) 10-14 6-13 

 BGA Shear Test Data
Lead Based Lead Free

Mean 45 lb 55 lbs

Std. Devn. 8.29 4.9
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tolerances of the etching processes are preferred as compared to the solder mask apply process, so the etch defined pads were 
used. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2 - BGA Solder Joint- Etch Defined Pads 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 - BGA Solder Joint – Mask Defined Pads 
 
Intermetallic Thickness Measurement 
The ball to pad interface is critical for solder joint reliability.  The interface area is where the Tin/Nickel /Tin/Copper 
intermetallics are formed.  The interface for the leaded paste and the lead free paste are shown in Figure 4 and Figure 5.   
Intermetallic thickness was measured on both leaded and lead free samples.  On an average Intermetallic thickness ranged 
from 60 microinches for lead free samples, post reflow and 80 microinches average after thermal shock test.  The 
intermetallic thickness data is summarized in Table 3. 

Figure 4 - Ball/Pad Interface – Leaded Paste 
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Figure 5 - Ball/Pad Interface – Lead Free Paste 
 

Table 3 - Intermetallic Thickness Measurement Data 
 

 
 
 
 
 
 
 
 
 
 
 
 
Rework Evaluation: 
Rework of SMT packages is performed using hot air soldering tools and application of heat using controlled ramp/soak 
profile.  Board pre-heat was used during rework.  The concern was damage to microvia connections and PWBs pads during 
component removal and reattach.  Component rework was performed 2X on the leaded packages and 1X on the Ball-Grid 
Array packages. All packages survived rework. There were some lifted pads, but no major damage to PWB pads, or 
blistering of solder mask during rework.  No damage was seen on microvia connections.  Figure 6 and Figure 7 show PCB 
surface after package removal showing no lifted pads. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6 - BGA Pads 0.3 mm after package removal 

Leaded 1.46 4.14
Lead Free 0.48 2.44

Leaded 1.8 4.4
Lead Free 0.58 3.28

Intermetallic Thickness Post Thermal Shock ( Microns)

    Intermetallic Thickness Post Reflow (Microns)
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Figure 7 - BCC Pads after Package Removal 
 
Solder Joint Reliability Test:  Thermal Shock 
Solder joint reliability testing was performed for assembly qualification per IPC 7091.  Assemblies were thermal shock tested 
from –25C to +125C for 500 cycles and extended to 800 cycles. [3,4] Temperature humidity testing was performed at 
85C/85% Relative Humidity for 1000 hours.  Samples were X-sectioned post-test to evaluate the joint quality.  The joints 
appeared slightly grainy after thermal shock test and oxidized after temperature humidity testing, but no cracks were seen in 
the joints.  No separation was seen where the microvia connected to the capture pad.  Figure 8 shows X-sections after thermal 
shock test.  
 

 
Figure 8 - BGA Package – Post Thermal Shock 

 
Visual examination was done after thermal shock test.  Some ceramic packages had cracked due to CTE mismatch 
 
All plastic packages and BGA packages were intact after thermal shock test. 
 
Samples were tested at 500 cycles and 800 cycles for open joint via probe test.  Leaded paste samples showed earlier and 
more failures than the lead free paste samples.  Table 4 summarizes the results of open joint evaluation. 
 

Table 4 - Open Joint Analysis Data 
 
 
 
 
 
 
 
 
 

500 Cycles  800 Cycles

Leaded 1/8 fail 8/8 fail

Lead Free All Pass  All Pass

Package Tested -  208 Pin BGA 

Requirement is -25C - +125C, 500 cycles;   Fail if resistance increase >10% 

Thermal Shock Testing
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Temperature Humidity Test 
The PWBs showed some discoloration and some component solder joints were oxidized after temp. Humidity test.  No 
bubbles, blisters etc. was seen in the PWB or solder mask.  All PWBs passed board level electrical test. No lifted pads, traces 
or via separation was observed in X-sections.  Figure 9 shows X-sections Post Temp. Humidity. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9 - X-section Post Temp. Humidity 
 
Phone Level Drop Test 
Phone level drop tests were performed at 1.5 meters on a hard vinyl surface.  Assemblies were X-sectioned post drops to 
evaluate solder joints and microvia connections.  The intent was to study the mechanical integrity of the boards and joints 
during phone level drop test.  No via cracking or pin cracking was observed. 
 
No solder joint failures or microvia cracks were seen after drop test.  
 
Conclusion 
Lead free assemblies with HDI boards have demonstrated reliability through 2X reflow and rework operations.  The 
assemblies have survived thermal shock and temperature humidity test and drop shock testing. 
 
Since no failures or cracks were seen in the joints or microvias, the assembly passed solder joint reliability qualification 
testing.  
 
References 
[1] John H. Lau, S. W. Ricky Lee, Microvias for low cost, high density interconnect 
 
[2] IPC A-610 Rev D, Acceptability of Electronic Assemblies 
 
[3] IPC 7095, Design and Assembly Process Implementation for BGAs 
 
[4] IPC 7091 Guidelines for Accelerated Reliability  Testing. 


	Table of Contents
	Home


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


