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| ntroduction

e Studies at PTC defined relationship between probe
geometry/material properties and probe force,
stress/strain distribution, aswell as scrub action length

e SEM provided means of analyzing probe scrub mark
topography in the contact bond pads

e |dentified need for understanding process of generating
the scrub and the relationship between probe's
parametersand the scrub mark characteristics
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ODbjectives

e Develop understanding of micro-mechanics
Involved during probetip penetration of the pad
surface

e “Hedl” Vs“toe” scrub, which isit?
e General FEM model of the bond pad penetration
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Challenges in Probe Design

PROBE CROSS-5ECTION

Penetrate electrically insulating films
PROBE between tip & pad
= 9mall Pad size - must minimize scrub
length & width
Pads are placed over circuitry - must
minimize scrub depth

/AI FAg Long life - high mechanical fatigue
strength
WAFER 100 um Long life - wear resistance
L ot i Aag . wamm AC performance- “small” geometry
SEM photo of Probe in contact with Al
wafer. View of cross-section.
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Cantilever Probe Tip Over Water

Probe Tip .,
Lt

Contaminant Oxide
[ayer (1030 A) layer {80-100 A)

Vrobe tp Firiction
— —>

Probe in contact with metal surface.
Oxide layer and filmsindicated

FLAT PROBE TIF

18rm
X2, 8088 13mm

SSL lagy

SEM photo of Rhenium-Tungsten
probetip
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Friction M echanisms

Fotential wear partscie

Adhesion

Plowing Trapped wear particle
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Probe Tip in Contact with Pad at
3mil Deflection

PROBE CROSS-5ECTION

/ PROBE TIP

T ————
WAFER
— 18FMm Si —— 1¥m
==l 18y 21,888 11mm ESL 18Ky ®18.8868 1limm
SEM photograph of probetip in Contact area between probetip
contact with Al pad. and aluminum pad
View of x-section SWARE
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Scrub M ark Profile M easurements

SCRUB MARK PROFILES

SCRUB DEPTH

 Profile e Scrub mark
measur ed with profiles shown for
stylus-based 3 probe geometries
profilometer Tip lengths
*Arrow indicates Indicated in inch
scrub direction PROBE
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FEA Mode

e Simulated Contact
between probetip and
Aluminum layer on top
of Silicon

e Contact modeled using
nonlinear elements

e Includesfriction effects

 No mechanical fraction
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|_ong Probe Tip Scrub Mechanism

Thefollowing two composite plots smulate
animation of 5mil diameter probe with 0.9mil tip
and 25mil tip length:

e Mechanical stressesin Al pad and probetip asthe
tip travels from near 0.0 mil deflection position to
1.0, 2.0 and 3.0 mils

e Mechanical stressesin Al pad and probetip asthe
tip retractsform 3.0 mil-deflection to 2.0, 1.0 and

near 0.0 mils deflection I
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Mechanical Contact Stresses

» Snapshot of stress q =N - F‘“’
fields for deflections
@0,1,2& 3mils e
« Mechanical Stresses '
In tip, Al pad
& underlying silicon
« “To€e” scrubbing
action

SCRUB DIRECTION
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Mechanical Contact Stresses

*Snapshot of stress
fieldsduring
deflection decrease
@2,1 & Omils
 Mechanical Stresses
In tip, Al pad
& underlying silicon
e Deformed aluminum
remains seen ashighly  retracTion To 0 MoD
stressed in front of tip
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_ong Probe Tip Scrub Analysis

e Animation showsthat toe digsintothe pad early Iin
the deflection. Hedl tracesthe pad scrub during
retraction

e For a“long’ or dender tip the friction suppresses
sliding movement

e L arge mechanical stresses occur in location between
theflat tip and the probe knee

e |n extreme case mechanical stresses can exceed
probetip material strength causing plastic

deformation and tip “fish-hooking” PROBE
TECHNOLOGY
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