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ESD Problem Statement

e In recent years the IC industry has
experienced an increase in Electrostatic
Discharge (ESD) induced failures on all
process platforms (microprocessor, chipsets,
and flash). Contactor materials have proven to

De a major contributor to the failures.
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ESD Background (Friction Charging)

Example of Tribo Series

e Triboelectric charging

(AKA Friction oS
charging) occurs when | Humen Heres
two materials come In v | Quatz

Nylon

contact and are then

separated e
Steel
e Any material may be N
Charged, Whether |t Polypropylene
stays charged depends PVC (Vinyl)
on it being a conductor o
or an insulator. i
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ESD Background (Friction Charging)

— Triboelectric charging areas.
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Materials Background

e Initially there were many polymers available for
contactors, Vespel, Delrin, Ultem, and Torlon
4203 to name a few were commonly used.

e Changes in handling and packaging
technologies drove the need for materials with
greater mechanical attributes.

— Glass filled polymers provided the mechanical
strength but were extremely insulative.

e ESD induced device and tester faillures marked
the transition from insulative polymers to a
highly resistive polymer with a surface
resistivity range of 101° — 1012 ohm/square.

BiTS 2004 6



Materials Background

e Further increase in device sensitivity initiated
the move to static dissipative polymers with
a surface resistivity range of 10° — 10°
ohms/cm? were desired.

e Dimensional stability was also a concern with
device pitches of 1.0mm and below.

e Currently there is a short list of materials that
meet both the mechanical and electrical
requirements for contactors.

— Ultem and PEEK based ESD materials are
currently available.

— Ceramic ESD materials are being evaluated.
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Case History
Tester Board Damage

e Tester Damage attributed to an ESD event.

— Experiments concluded that socket material
Interaction (Tribo-charging) with the device
substrate material was the main contributor to
charge build up on the device that led to the
ESD damage.

— The subsegquent charge generated on the device
was discharged to the tester through the VSS
pins of the contactor when the device was

socketed.

e Issue was resolved by changing the contactor
material to a highly resistive material with a
surface resistivity of (101° — 10*%). This enabled
any charge buildup on the device to be slowly

discharged through the material.
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Case History
Processor Platform Validation

e Device failure attributed to an ESD event

— |t was concluded that charge generated by
devices rubbing against test sockets made of
an insulative polymer material were the cause

of the charge buildup.

— The rapid discharge of the event was the
cause for the ESD failures.

e In addition to changing the contactor material
to a static dissipative material air ionizers
also had to be installed in the modules to
reduce the charge being generated during
socketing.
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ITRS Trends for ESD Sensitivity

Semiconductor Device ESD Sensitivity Is projected
to increase as technology progresses.

Industry must prepare for this!

Static Charge Limits for Test, Assembly, and Packaging
Year 2000 2001 2002 2003 2004 2005 2006 2007
Technology
Node 180nm 130nm 115nm 100nm 90nm 80nm 70nm 65nm
Maximum
allowable static 2.5-10nC 1-2.5nC 1-2.5nC 1-2.5nC 1nC 1nC 0.5nC 0.5nC
charge on | (250-1000V) | (100-250V) | (100-250V) | (100-250V) | (100V) | (100V) (50V) (50V)
devices

Year 2010 2013 2016
Technology
Node 45nm 32nm 22nm

Maximum
allowable static
charge on
devices
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Material Challenges

e Minimize electrical charge buildup.
— Static dissipative (10°— 10° Ohms/cm?)

e Be dimensionally stable for pitches below
1.0mm

— Low Coefficient of thermal expansion (CTE)

— Low water absorption % (<.25 24hour
percentage)

BiTS 2004
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Material Challenges

e Be suitable for machining and molding
manufacturing processes.

—Must maintain it’s dissipative properties after
manufacturing. Strive for homogeneous
performance.

e Exhibit the equal or better strength and
wear characteristics of current materials.
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Conclusion

e ESD is becoming a larger problem as we
make our devices smaller and faster.
Polymer selection will play a vital role as to
whether or not we are successful in
reducing ESD related device failures.

e Need assistance from polymer suppliers to
develop and provide COST EFFECTIVE ESD
friendly polymers that meet the needs of
the industry.
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