
The Lead-Free “Whac-A-Mole”
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die and the thickness of the packages so 

that multiple die can be stacked in a sin-

packages can be stacked on top of each 

 Additionally, the electrical com-

Moore’s Law, so to handle more and 

faster signals with more power in this 

-

patterns embedded within insulating 

materials such as resins. Of course, the 

-

so, when subjected to heat, this induces 

stress between the layers and can cause 

warpage. The direction and magnitude of 

-

ables including the number of metal lay-

ers in the board and their design layout. 

and “business as normal” in the electron-

directly soldered to the corresponding 

pads on the package substrate. Similarly, 

package-to-PCB connection has migrated 

replaced by small solder balls or paste 

arrayed in a pattern across the base of 

the package – hence the term Ball Grid 

-

ages are then mounted to corresponding 

patterns on PCBs by mounting them in 

to make direct electrical connection 

between the chip’s package and board.  

The resulting direct chip-to-package and 

direct package-to-board connections 

warpage in the surfaces that must come 

and stay together robustly for the end 

product to work. The continuing minia-

chipmakers to drastically reduce the 

“Whac-A-Mole”, in that when one prob-

problems associated with substrate and 

board warpage.

Background

-

-

turization. Silicon die were packaged for 

many years by bonding them base-down 

on a package lead-frame or substrate.  

Then electrical wire bond connections 

were made from the pads on the die sur-

face to corresponding pads on the frame 

or substrate before being encapsulated 

with plastic or some form of sealed lid.  

The internal connections were in turn 

which the customer would then solder to 

with the package to be bonded and the 

leads to take up any slack caused by non-

-

sion mismatch.

primarily by the needs of the hand-held 

electronics community, the die-to-

package connection has been migrating 

the package base and metal bumps are 
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The Package-to-PCB Interface.  Image courtesy of Akrometrix
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Standards

 Momentum built across the micro-

electronics manufacturing community 

with papers on the problem being pub-

lished by large companies such as Alca-

tel, Altera, Blackberry, Celestica, Delphi, 

Micron, Sanmina, etc. The challenge in 

the fragmented supply chain was that 

without a common methodology to mea-

sure warpage, it was too easy to “point 

the failure mechanisms persisted. The 

initial challenge was in identifying stan-

dardized practical methods for measuring 

been published include JEITA’s (Japan 

-

that apply to measuring warpage for 

recently, the IPC (originated as Institute 

warpage. The process to obtain agree-

ment on standards can be lengthy and 

is a strong testament to the industry’s 

-

tions.

Solutions

 With the right metrology in place 

In either case, this represents a failure 

-

Surfacing The Problem

-

turization resulted in increased intercon-

nection challenges due to warpage, the 

EMS and ODM companies appeared to 

“keep the lid” on the problem by cre-

-

cess to accommodate the symptoms of 

items as increased solder paste thick-

ness or wider mask openings to deposit 

on circuit boards.  This is what talented 

manufacturing engineers do – change 

senior technologists at industry forums 

through technical papers on the topic. 

apparent that this was a critical emerging 

trade associations and standards bodies 

forums. The result is that technology 

the problems and map out the need for 

and better design for manufacturability.  

-

oped and published to describe how to 

-

ponents and printed circuit boards. 

functionality and performance in smaller 

form factors, 

free materials with lead-free solder being 

-

gest impact on the electronics packag-

traditional tin-lead solder to become mol-

been in use for decades in the manufac-

ture of microelectronics components and 

differently than their predecessors and, 

increased the problems associated with 

warpage.

Manifestation

-

uct, this warpage can impact it by poten-

tially causing some of the electrical joints 

between the semiconductor package and 

the PCB to either not make connection (a 

make a weak connection that works ini-

 The most common symptom of 

documented in the industry. This failure 

mechanism gets its name from the shape 

of the deformed solder joint which is cre-

ated when the board and package warp 

in different directions to start separating 

While there are other contributing fac-

tors such as misalignment, materials and 

warpage is a primary concern.  

-

melts, the ball and paste are not in con-

-

dized surfaces make contact but do not 

In some cases, these will appear under 

but in actuality could be either resis-

Figure 1. HnP Formation.  Image courtesy of Akrometrix
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to the design, materials and process to 

and reliability of the interconnects. Tra-

include mechanical, optical and laser 

based methodologies. These are “static” 

where latent warpage shows up – in the 

of Technology and has been licensed for 

in Atlanta, Georgia. Their approach uses 

temperature warpage. The output is an 

single surface or between two surfaces 

showing high and low points of contact 

as they change across a selected range of 

temperatures. This approach has become 

-

by package/substrate, semiconductor 

and printed circuit board manufacturers 

and subcontractors, as well as by OEMs 

EMS (Electronic Manufacturing Ser-

-

-

ize components and boards. Another 

 With characterization data and 
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knowledge comes the ability to imple-

graphical and/or tabular reports and 

temperature. A powerful capability is to 

surfaces, identifying likely problem areas 

when components come into contact with 

rules for substrates and boards to manage 

match their warpage characteristics. It 

-

als, or changes to the solder mask, paste 

thickness, etc.

Conclusions

 These approaches clearly indicate 

must be addressed up-front at the design 

for dynamic thermal warpage, so the 

product, package and process combina-

tions must be thoroughly characterized 

up-front before entering into a controlled 

up to the fact that in switching to lead-

warpage problems and the resulting 

would appear that methods and solutions 

the issues.

 This is surely a case of an “ounce 

cure.”  ◆
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Figure 2. Package to PCB Interface Analysis.  Image courtesy of Akrometrix


