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The Development / Transfer Process

Motorola Labs
• Gap Assessment

• Benchmarking

• Technology Development

Business
• Validation

• Ramp to Production

Tech 

Transfer



BGA/CSP Package Risk

• Flip Chip

 Primary concern is CTE mismatch

 Mitigate difference between silicon and laminate

 Thermal cycling

 Full, void-free coverage

• Packages

 Primary concerns are drop and bend

 Mechanical Reinforcement

 Full coverage not required



The Manufacturability Issues

• Capillary dispense underfill is a difficult process for 
an SMT factory
 Extra Equipment / Floor Space

 Cycle Time

 Material Storage

 Material Handling

 Clean-up

 Rework



Underfill Alternatives
• No underfill still preferred
 Design solutions to mitigate bend

• Alternatives Circa 2000
 Post –reflow capillary flow

 Applied flip chip underfills as immediate solution

 Pre-reflow corner dots
 Easier dispensing, cure in reflow (no cure oven)

 Lower material usage

 Pre-apply underfill to package
 Film or B-stage liquid

 Supplier-dependent



The Alternatives
• Present (eg: Henkel*)

*Courtesy of Dr. Brian Tolleno,Director Technical Service, Henkel

No-Flow Underfill
Epoxy Flux (dipped)

Corner BondCorner Bond Post-Reflow Edge BondPost-Reflow Edge Bond



The Solution
• Underfill that is compatible with SMT processing
 Solid film underfill for pick and place

 Fits in typical process with no additional equipment / 
floor space requirements

 Leverages best expertise of SMT process engineers

Auto-Placed Underfilm



Auto-Placed Underfilm Development

1. Establish feasibility

2. Establish manufacturability
 Consider mechanism
 Consider and control potential variables
 Address supply logistics
 Remove objections and drive implementation

3. Establish reliability
 Packaging mechanics must be sound
 Testing as confirmation



Manufacturability Considerations

Placement
 Self-supporting film

 Picking from tape

 Placement accuracy

 Staying in place

Reflow
 Melting point / range 

of material
 Wetting board and 

package substrate
 Possible interference 

with solder joint 
formation,  self-centering

Solidify
 Fillet
 Adhesion
 Reworkability



• Must stay in place
 Tacky film surface would hamper picking
 Small dots of paste hold piece in place

Tack padsTack pads



Dimensional Tolerances - Thickness

Bumps cannot contact paste

Lifts package upon meltInsufficient material to form a fillet

Film is not self-supporting

Too Thin Too Thick



Dimensional Tolerances - Thickness

• Most influential on fillet volume

• Large variation in as-received material, +/- 20%



Thickness Conclusions

• Minimum thickness needed for stiffness

• Excess material forms fillet

• Thickness variation found to not impact 
manufacturability 
 Solder wetting force > Upward force of film

wetting force of solder

buoyant force of underfillbuoyant force of underfill



Dimensional Tolerances - Width

• Package clearance and keep-out

• Placement tolerance

• Cutting

 Method, tooling

 Material utilization

 Process efficiency

L(ov)=overlap length
L(p)=

length 

past

part

L(b)=length 

from 

bumps

keep-

out

adjacent 

component

allowable film width:

placement accuracy + cutting width tolerance



Width Conclusions

• Modeling shows strength sensitive to width
 Wide for reliability, narrow for layout

 Target best possible tolerance
 Excess material interferes with adjacent parts

 Film melt encroaching on solder found not to interfere with joint 

formation – paste dependent

• Laser cutting
 Tolerance < +/- 1 mil

 Narrower widths possible

 Better material utilization

 No tooling



• Modeling shows strength least sensitive to 
length

• Allow gap for flux escape

L

Dimensional Tolerances - Length



Reflow
• Softening begins at 160oC

 Flows and bonds

 To PCB - multiple solder masks tested

 To package as collapse occurs

 Flux protects solder joints



Manufacturability Summary

• Underfill film pieces can be supplied with correct 
dimensional tolerances

• Pieces can be loaded in tape and reel packaging
• Pieces can be picked and placed using automated 

SMT equipment
• Underfill melts, bonds and solidifies in reflow
• Underfill of choice for mobile devices



Package mechanics

• During assembly process

• During thermocycling

▫ Vertical

▫ Horizontal – shear and bending

• During mechanical loading

▫ Static – pressing keys

▫ Dynamic

 impact /drop – directions

 vibrations



•During assembly process

Package Mechanics

 Solder solidifies as underfilm 
shrinks (higher CTE)

 Underfilm pulls package down 
more than solder

▫ Solder in compression

▫ Underfilm in tension, adhesion a 
concern

▫ Area of bumps : area of underfill

 Time behavior of underfilm

▫ Stress dissipates over time (creep)

All vectors shown 

symbolize forces 

acting on the package



Package Mechanics
• During thermal cycling – heating / cooling 

from reference temperature.
 Vertical plane
 Underfilm expands more than solder
 Driving force: CTE mismatch between solder and 

underfill; for example in the picture: solder in 
tension due to CTE mismatch (CTEsolder=21*10-6/oC   
; CTEunderfilm=153*10-6/oC  )

 Modulus  ( Esolder=31GPa  ; Eunderfilm=8MPa)   

 Proportion of relative areas

 Reaches equilibrium below delamination or 
cohesive failure for typical packages



Package Mechanics
• During thermal cycling – heating / cooling from 

reference temperature.
 Horizontal plane
 Driving force – CTE mismatch between package and 

substrate. Package and substrate bows.
 This may contribute to additional vertical stresses

 Shear stresses greatest at corner bumps



Package Mechanics
• During mechanical loading (static, dynamic)

 Static
 Pressing keys – resulting in bending substrate

 Dynamic

 Drop in plane of substrate – shear stress in 
attachment

 Inertia of package a decisive factor

 Underfill takes part of the load – relieves 
solder joints



Package Mechanics
 Dynamic (continued)
 Drop in plane perpendicular to plane of the 

substrate – resulting in bending of the substrate
 Important are:

 Inertia of substrate and components

 Stiffness and supports of substrate

 Attachment of component to substrate – in that 
solder joints and underfill joints



Package Mechanics
 Deformation, displacement and forces 

transferred to package
▫ Through solder bumps and underfill / underfilm

▫ Usually bumps and underfill are in complex state of 
stress – tension or compression and shear

▫ In most cases (except pure vertical thermocycling) 
underfill reduces stress in solder bumps

 Modulus of underfill is strain rate 
dependent (advantage of this viscoelastic behavior)

▫ Stiffer in high e rate (drop, fast vibrations)

▫ Softer in slow e rates (static loads, slow vibrations)

http://en.wikipedia.org/wiki/File:Creep.svg


Performance example from Henkel Corporation



Material Properties



Package mechanics conclusions

 Package mechanics considerations and analysis lead to 
better understanding of underfill / underfilm 
functionality, and interrelation of all important design 
parameters.

 It shows that when these parameters are properly 
chosen the solution described improves attachment 
strength and robustness
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