
OPTIMIZATION OF PROBE CAPABILITY USING 
MACHINE/PROCESS CAPABILITY STUDY

Wiljelm Carl K. Olalia
Process Engineer II

Probe and Die Sales Department
ON Semiconductor  Philippines

Company
Logo

HOOKE’S LAW EXISTENCE ON BLADE TYPE 
NEEDLE AT PROBE PROCESS

AND



OPTIMIZATION OF PROBE 
CAPABILITY USING 

MACHINE/PROCESS CAPABILITY 
STUDY



– Introduction / Background
– Objectives / Goals
– Methods / Materials / Procedures
– Results / Relevant Findings / Key Data
– Discussion of Results / Strengths / Weaknesses, etc.
– Summary / Conclusion
– Follow-On Work

3Author



Introduction
At 1000 ppm, Probe Damage related to Probe Needle is 
on top of Pareto in terms of wafer scrappage reason.

4Wiljelm Carl K. Olalia
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100% of those 1000 ppm have been contributed by the 
Prober E which uses a Blade Type Needle for Probing.
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100% of those 1000 ppm have been contributed by the 
Prober E which uses a Blade Type Needle for Probing.



Introduction
Further data stratification shown Top Devices with 
high Probe Damage Occurrence
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Introduction
Devices with high PND occurrence have an average bond 
pad size less than 4 x 4 mils compared with devices 
with no PND occurrence. Initial assumption on high PND 
occurrence is due to Prober X when using blade type 
needle is not capable of probing devices with a minimum 
bond pad.
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Introduction
What is Probe Damage ?

• Is a phenomena when a 
part of a die 
specifically at the Pad 
Area such as Seal Ring 
or other metallization 
has been damage by the 
Probe Needle during 
Testing.

• Probe damage is the 
number one visual defect 
contributor at wafer 
sort process having a 
direct impact on yield 
and cycle time.
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Introduction
What are the causes Probe Damage ?

• OSPI Engineering Team Brainstorm using Ishikawa 
Diagram for the Possible Sources of Probe Damage. 
Specific Factors are came from Man, Machine, Method 
and Material.
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Introduction
What are the causes Probe Damage ?
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 Probe Capability limitation in terms of minimum bond 
pad opening has been identified as one of the many 
causes of Probe Damage on wafers.

 Smaller pad is high risk to Probe Damage.



Objective/Goals
To determine the current capability of 
Prober E using Blade Type needle in terms 
of minimum bond pad capability and how it 
impact the probe quality.

 To optimize the current capability using 
the cheapest way.

 The Machine/Process Capability Study only 
focus on Prober E.
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Methods/Materials/Procedur
e

• Materials involve on the Study
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Methods/Materials/Procedur
e

• Experiment Condition
1.Experiment has been run as normal Probe Process 

without  engineering intervention.

2.All Probe parameters remains constant throughout 
the experiment.

3.Prober that was used during the experiment is A1 
condition

4.Probe-card needles are newly build.

5.The experiment only cover 3 wafers for the data 
gathering that involve sampling and randomization.
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Methods/Materials/Procedur
e

• Phase 1 Deliverables
– MPCPs Phase 1 is Process Characterization wherein 
all functional characteristics of the machine 
including sub-process, response and input 
variables have been determined and summarized 
using Cause & Effect Matrix and Pareto Diagram
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Methods/Materials/Procedur
e

• Phase 2 Deliverables
– MPCPs Phase 2 is Metrology Characterization 
wherein all measurement/gauge use for KPOV of the 
process has been subjected in MSA Study. This is 
to verify the soundness of current process 
measuring equipment
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Methods/Materials/Procedur
e

• Phase 3 Deliverables
– MPCPs Phase 3 is Capability Determination wherein 
all KPOV has been subjected for Capability 
Analysis using below data collection plan.
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Methods/Materials/Procedur
e

• Phase 4 Deliverables (If Applicable)
– MPCPs Phase 4 is Optimization Stage wherein all 
applicable KPIV of the process has been subjected 
in DOE. This is to determine the optimum process 
parameters.

• Phase 5 Deliverables
– MPCPs Phase 5 is Control Stage where all 
Standardization, Fan-out, Documentation and CI 
executed.
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Result/Relevant 
Findings/Key Data

• Phase 1 Result
– Critical Responses (KPOV) and Critical Input 
(KPIV) has been determined during MPCPs Phase1. 
Result has been derived from consolidate and 
summarized C&E Matrix.
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y = Function (x)

=



Result/Relevant 
Findings/Key Data

• Phase 2 Result
– Total GR&R is 2.2 %.
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Result/Relevant 
Findings/Key Data

• Phase 2 Result
– GR&R on the affected Measurement tool has been 
conducted.
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Result/Relevant 
Findings/Key Data

• Phase 3 Result (Blade)
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 Given the mean length and combined standard deviation 
of probemark size and placement. Minimum pad opening 
capability of Probe E using Blade Type needle is 4.5 
x 4.5 mils. 



Result/Relevant 
Findings/Key Data

• Phase 3 Result (Epoxy)
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 Given the mean length and combined standard deviation 
of probemark size and placement. Minimum pad opening 
capability of Probe E using Epoxy Type needle is 3 x 
3 mils. 



Result/Relevant 
Findings/Key Data

• Phase 3 Result (Summary)

25Wiljelm Carl K. Olalia

 Given Current Minimum BPO Capability of Prober 
assuming extreme over-travel setting was used (5 mils 
for Blade, 3 mils for Epoxy) during Probe Process.



Result/Relevant 
Findings/Key Data

• Phase 3 Result (Summary)
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 Since the minimum bond pad being probe is at 3.5 um. 
Estimated cpk is only at 0.6 which is equivalent to 
1.75 sigma level or approximately 400K ppm. Prober X 
using Blade Type Needle is not capable.



• Phase 4 (Optimization Stage)
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Discussion of Results / 
Strengths / Weaknesses

 To Probe Process using Blade Type Needle Capable, all 
process inputs has been revisited and checked what 
can be optimized. Over-travel is one of the KPIV that 
cab easily be manipulated for Optimization.

Prober E



• Phase 4 (Optimization Stage)

28Wiljelm Carl K. Olalia

Discussion of Results / 
Strengths / Weaknesses

 Level 4 Completely Randomized Design experiment has 
been used for optimization.



• Phase 4 (Optimization Stage)
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Discussion of Results / 
Strengths / Weaknesses

 Given the mean length and combined standard deviation 
of probe-mark size and placement. Minimum pad opening 
capability of Probe E using Blade Type needle at 2 
mils Over-travel is 2.5 x 2.5 mils. 



• Phase 4 Result
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Discussion of Results / 
Strengths / Weaknesses

 Given the mean length and combined standard deviation 
of probe-mark size and placement. Minimum pad opening 
capability of Probe E using Blade Type needle at 3 
mils Over-travel is 3.0 x 3.0 mils. 



• Phase 4 Result
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Discussion of Results / 
Strengths / Weaknesses

 Given the mean length and combined standard deviation 
of probe-mark size and placement. Minimum pad opening 
capability of Probe E using Blade Type needle at 4 
mils Over-travel is 3.5 x 3.5 mils. 



• Phase 4 Result
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Discussion of Results / 
Strengths / Weaknesses

 Using Over-travel less than 5 mils, Minimum pad 
opening capability of Prober E using Blade Type 
needle are less than 3.5 mils. This capability is 
meeting the requirement of devices with small pad 
opening. 



• Analysis
– Correlation between Over-travel and Probe-mark 
Length, Variation and Capability are directly 
proportional.
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setting ( 3 -5 mils).



Discussion of Results / 
Strengths / Weaknesses

• Risk Assessment
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 There will be an estimated 3641 ppm of probe damage if 
the current parameter will not be changed to 2 – 4 mils 
from 3 to 5 mils



• Phase 5 (Control Phase)
– Prior implementation, Change underwent to 
management approval. All potential risk related to 
change in parameter has been discussed and 
considered. Yield is one of the considerations.
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Discussion of Results / 
Strengths / Weaknesses



• Phase 5 (Control Phase)
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Discussion of Results / 
Strengths / Weaknesses



Summary/Conclusion
The principal findings of the study were:
• We can therefore conclude that the Capability 

Limitation of Prober E using blade type needle cause 
Probe Damage. Most of the trim pad has less than 4 
mils pad opening and process only have the 4.5 
capability.

• After the Implementation of the change in over-travel 
setting to 2-4 mils from 3–5 mils. Probe Damage ppm 
has been reduced from 2790 ppm to 1263 ppm.
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Follow-On Work
 For new product development, Wafer Probe Equipment 

capability in terms of placement and stepping 
accuracy should be consider primarily. Current trend 
of technology causes the Die Size shrunk. BPO becomes 
smaller and smaller.

 Probe Technology should also be considered. A wide 
spread variety of Probe Technology such as 
Cantilever, Buckling Type, Cobra and Pogo can be 
chosen depending on the current process requirement 
and what the customer needs.

 MPCPS should be done on every New Product/Process. 
This is an anticipation of risk that prevents the 
issue during the Production Run that cost a lot. 
Solving the problem at the source is much cheaper.
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Introduction
At 1000 ppm, Probe Damage related to Probe Needle is 
on top of Pareto in terms of On Semiconductor 
Philippines wafer scrappage reason.
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Introduction
100% of those 1000 ppm have been contributed by the 
Prober E which uses a Blade Type Needle for Probing.
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Introduction
100% of those 1000 ppm have been contributed by the 
Prober E which uses a Blade Type Needle for Probing.
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Introduction
What is Probe Damage ?

• Is a phenomena when a 
part of a die 
specifically at the Pad 
Area such as Seal Ring 
or other metallization 
has been damage by the 
Probe Needle during 
Testing.

• Probe damage is the 
number one visual defect 
contributor at wafer 
sort process having a 
direct impact on yield 
and cycle time.
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Introduction
What are the causes Probe Damage ?

• OSPI Engineering Team Brainstorm using Ishikawa 
Diagram for the Possible Sources of Probe Damage. 
Specific Factors are came from Man, Machine, Method 
and Material.
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Introduction
What are the causes Probe Damage ?
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 Mis-aligned needle upon building has been identified 
as one of the many causes of Probe Damage on wafers.

 The phenomena has been explained by the users that 
initially build mis-aligned needle that was tweak to 
passed the alignment returned to its original position 
also know as “Spring-Effect”



Introduction
What is Spring Effect or Hooke's Law?

• In mechanics, and physics, Hooke's law of elasticity 
is an approximation that states that the extension of 
a spring is in direct proportion with the load applied 
to it unless the load does not exceed the material's 
elastic limit.

• Materials for which Hooke's law is a useful 
approximation are known as linear-elastic or "Hookean" 
materials. Hooke's law in simple terms says that 
strain is directly proportional to stress.
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Introduction
Hooke's Law Application on Materials:

• Objects that quickly regain their original shape after 
being deformed by a force, with the molecules or atoms 
of their material returning to the initial state of 
stable equilibrium

• We may view a rod of any elastic material as a linear 
spring. The rod has length L and cross-sectional area 
A. Its extension (strain) is linearly proportional to 
its tensile stress σ, by a constant factor, the 
inverse of its modulus of elasticity, E, hence,

• Steel exhibits linear-elastic behavior in most 
engineering applications; Hooke's law is valid for it 
throughout its elastic range (i.e., for stresses below 
the yield strength). 48Wiljelm Carl K. Olalia



Introduction
Hooke's Law Application on Probe Needle:

• Probe Needle made-up of Tungsten due to conductivity 
for electrical testing of wafers.

• Existence of Hooke's Law on Blade Needle happened when 
a mis-aligned needle was tweak prior or during 
Probing.

• Blade Type needle used is Tungsten which tend to 
return to it's original position after several time 
(touchdown count) during Probing.

• Needle tweaking is the centering of the needle with 
respect to pad. This is performed when a probemarks
generated by Needle is already on marginal position on 
Bond pad. This marginal position will eventually 
become mis-align on bond pad causing  Probe Needle 
Damage on dice
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Introduction
Hooke's Law Application on Probe Needle:

50Wiljelm Carl K. Olalia

Offset probe marks on bond pad due to mis-aligned Probe needle.



Introduction
Hooke's Law Application on Probe Needle:
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Introduction
Hooke's Law Application on Probe Needle:

To summarize, Hooke's Law  or spring-effect on Blade 
Needle only exist if there is a tweaking involved 
because displacement (x) is zero when no tweaking 
involved..
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Objective/Goals
To validate the existence of Spring-Effect 
on Blade Type Needle only

 To determine the risk and formulate a 
corrective action in a form of 
recomendation.

 The study only focus on Spring-Effect as 
one of the causes of Probe Damage on 
Wafer. This only apply to Probe that uses 
Blade Type Needle.

53Wiljelm Carl K. Olalia



Methods/Materials/Procedur
e

• Materials involve on the Study
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Methods/Materials/Procedur
e

• Experiment Condition
1.Experiment has been run as normal Probe Process 

without  engineering intervention.

2.All Probe parameters remains constant throughout 
the experiment.

3.Prober that was used during the experiment is A1 
condition

4.Probe-card needle tweak is newly build while the 
non-tweak is not.

5.The experiment only cover 5 wafers for the data 
gathering. That involved sampling and 
randomization.
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Methods/Materials/Procedur
e

• Experiment Design
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Result/Relevant 
Findings/Key Data

• DOE Result (Normality Test)
– Displacement of Non-Tweak Needle is characterized by a Normal 

Distribution

– Displacement of Tweak Needle is characterized by a Binomial 
Distribution
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Result/Relevant 
Findings/Key Data

• DOE Result (Equality of Variance Test)
– Using Bartlett Test showing a p-value of less than α = 0.05, 

Variances (placement consistency) are significantly different. 
Displacement consistency of Not-Tweak is better.
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Result/Relevant 
Findings/Key Data

• DOE Result (Non-Parametric Test)
– Using Wilcoxon Test showing a p-value of less than α = 0.05, 

overall means and variance of displacement are significantly 
different, Non-Tweak displacement  readings and consistency are 
better.
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Result/Relevant 
Findings/Key Data

• Probe-mark Displacement Stability of Non-Tweak
– Result of Non-Tweak Needle using Control Chart to monitor the 

Probe mark placement (displacement) of non-tweak needle with 
respect to touchdown count (time), practically there is 
stability on alignment since no out of control condition found. 

61Wiljelm Carl K. Olalia
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Result/Relevant 
Findings/Key Data

• Probe-mark Displacement Stability of Tweak
– Result of Tweak needle using Control Chart to monitor the Probe 

mark placement (displacement) of tweak needle with respect to 
touchdown count (time), practically needle alignment is un-
stable on tweak needle since there are out of control 
conditions found.  There is a data above the UCL, data below 
LCL, and 7 consecutive data above and below avg. data.  There 
is a high possibility that needle will return to its original 
alignment when reach that certain number of Touchdown.
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Result/Relevant 
Findings/Key Data

• Probe-mark Displacement Images
– Illustration how tweak needle move back to its original 

alignment.
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Discussion of Results / 
Strengths / Weaknesses

• Risk Assessment
– If the Spring-Effect has not been eliminated, 
there is an estimated Probe Damage occurrence of 
246ppm at 4 sigma level.
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Discussion of Results / 
Strengths / Weaknesses

• Discussion of Result
– Spring Effect only exist at Blade Type needle when 
there is a needle tweaking happened.

– Needle tweaking perform to adjust misaligned 
needle during initial build when if was set-up for 
the 1st time at Prober.

– Blade Type needle is manually build and soldered 
by the PC personnel. Dummy wafers and old 
Wentworth jig is the only assurance use by PC 
personnel for good alignment. Chances of 
misaligned needle at initial build is high
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Summary/Conclusion
The principal findings of the study were:
• There is stability on needle alignment of non-tweak 

needle. There will be no misalignment of needle that 
will cause a Probe Needle Damage during the process.

• On the other hand, There is un-stability on needle 
alignment of tweak needle. The process condition has 
a high risk of needle mis-alignment that will cause 
Probe Needle Damage on Dice. There is a high 
possibility that needle will return to its original 
alignment when reach that certain number of 
Touchdown. Significant difference on variation of the 
2 needle condition will also support the findings 
above.

• We can therefore conclude that indeed Hooke’s Law on 
blade type needle exists. Existence of Hooke’s Law 
(spring-effect) on needle is the major factor why 
Probe Damage occurrence/scrapping are came from 
wafers processed using blade type needle.
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Follow-On Work
• Probe Shop need to improve the accuracy and precision 

of Needle Building for Blade Type.

• There will be no needle tweaking if the Probe-mark 
generated by the newly build needle are preferable 
landed at the center of the pad.

• Probe planarity and angular rotation of ring insert 
need to be precise to eliminate the variation of 
needle alignment between Prober and Probe Needle.
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