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1. Executive Summary

Figure 1. Test matrix for CGA/CCGA/HDI package/board/assembly program with identification of the
areas covered in this report. 



Figure 2. CCGA 1752 and 1272 I/O packages with pure solder column (left) and copper-wrapped
solder column (right).  



Figure 3. Land grid array (LGA) before column attachment (top) and after both copper-wrapped
solder column attachment (left) and microspring attachment (right).



2. CGAs and Evaluation Approaches
2.1 Column Grid Array Packaging Technology Trend

Figure 4. Examples of ceramic column grid array (CCGA or CGA) and ceramic ball grid array 
(CBGA) package configurations. 



2.2 Purpose of This Interim Report



3. Experimental Approaches for CGA Packages
3.1 CCGA Package Types

Figure 5. The two column grid array (CGA) packages; 1752 I/Os (left) and 1272 I/Os (right). Note that 
in both cases corner columns are removed by the manufacturer. 

3.2 CCGA Package Receiving, Inspection, and Evaluation



Figure 6. Construction of CGA 1752 I/O package (top) and photo of package showing the exposed 
chip capacitors.

3.2.1 CGA Package Characterization by X-ray 



Figure 7. X-ray photomicrographs of CGA 1752 I/Os (left) and CGA 1272 I/Os (right); the darker
areas are where chip capacitors are located.  

  

3.2.2 Chip Capacitor Characterization

Figure 8. Chip capacitors showing inconsistency in solder joint quality; the far right solder is clearly 
unacceptable.  



Figure 9. SEM photomicrographs showing the nature of solder joints at much higher magnification. 

Figure 10. EDX/EDS elemental analysis showing that solder alloy has high lead (90/10). 



3.2.3 Chip Capacitor Characterization After Thermal Shock Cycles

Figure 11. Chip-capacitor solder joint quality after 200 thermal shocks (–55° to 130°C) showing no 
signs of cracks.  

3.2.4 Chip Capacitor Characterization—Newer Samples



Figure 12. Chip capacitors showing better solder joint quality in the May 2011 set.

3.3 Test Vehicle Design and Assembly Parameters



Figure 13. Test vehicle design showing both combined package and board daisy chain patterns for 
the two CGA packages. A few other daisy chain patterns currently not used for evaluation are also 

apparent in the design.



Figure 14. Assembled test vehicle showing the two CGA packages with different sizes and column 
styles.

3.4 Solder Paste Volume Measurement  



Figure 15. Representative photomicrographs of paste print deposition quality 
for the CGA1272 I/O (left) and CGA1752 I/O (right).



Figure 16. Type 3 solder paste print quality and color-coded height distribution for CGA1752 I/O. 

Figure 17. Type 4 solder paste print quality and color-coded height distribution for CGA1752 I/O. 



Figure 18. Type 5 solder paste print quality and color-coded height distribution for CGA1752 I/O. 

Figure 19. Comparison of paste print height distribution of CGA1752 and 1272 I/O pads for type 3, 
type 4 and type 5. 



3.5 Attachment Procedures



4. Test Results After TV Build
4.1 Daisy Chain Resistance Results

Table 1. Summary of daisy chain resistance measurements (in Ohms) within each CGA package, 
after assembly, using paste types III–V.

ID Paste Type & Process A-1752 B-1752 C-1752 D-1752 E-1752 A-1272 B-1272 C-1272

TV5-001
Type5 Tin-Lead Paste, Vapor Phase, Daisy 
Chain CGA1752 & CGA1272 0.76 10.71 10.61 11.50 12.02 1.92 2.53 2.15

TV5-002
Type3 Tin-Lead Paste, Vapor Phase, Daisy 
Chain CGA1752 & CGA1273 7.18 10.10 9.97 10.79 11.26 1.88 2.46 2.07

TV5-003
Type4 Tin-Lead Paste, Vapor Phase, Daisy 
Chain CGA1752 & CGA1274 7.61 10.74 10.63 11.48 12.01 1.88 2.50 2.11

4.2 Inspection 



4.3 X-Ray Characterization  

Figure 20. As-assembled X-ray photomicrographs for the CGA1272 I/O (left) and CGA1752 I/O 
(right). There were no signs of shorts.

4.4 Optical Microscopy Characterization



Figure 21. Representative photomicrographs of solder joint quality after assembly for CGA1272 (top) 
and CGA1752 (bottom).



5. Experimental Approaches for LGA Packages 
5.1 LGA Column Attach

Figure 22. Representative photomicrographs of an LGA package after copper column (left)and micro-
spring coil column (right) attachment.

5.2 Pull Strength of Column Attachment: Pre- and Post-Aging 



Figure 23. Summary information of a representative column’s pull-test results. 

Figure 24. Pull strength decreases with isothermal aging at 125 C for 509 hours for the 1517 I/O LGA 
with columns. 



Figure 25. Failure and microstructural changes after 509-hour isothermal aging at 125 C. 

5.3 Attachment Procedures



Figure 26. Type V solder paste print quality and color-coded height distribution for CGA1517 I/O. 

5.4 Optical Microscopy Characterization of LGA/CGA
5.4.1 After Assembly



Figure 27. Representative photomicrographs of solder joint quality after assembly for micro-spring 
coil column CGA1571. 

Figure 28. Representative photomicrographs of solder joints quality after assembly for CGA1571 with 
copper-wrapped solder columns. 



6. Interim Results  



7.  Acronyms and Abbreviations
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