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ABSTRACT

Final Test ASM FT2026 are Test and Mark handler that
process singulated packages from input module to taping
module. Devices undergo inline electrical parametric test,
laser mark and are placed in carrier tapes. This test handler
uses four (4) different test site modules with distinct test set
up to segregate devices that fail parametric test. Contact
fingers are commonly used in testing a wide range of
packages that require low to high voltage supply applications.
Test site modules use two (2) type of contacting method; it is
either (1) clamping method consist of upper and lower
contact finger or (2) plunging method that uses cantilever
contact finger that get in contact the leads during testing of
devices.

This paper presents the structured and detailed study of
determining the factors that affect the reliability of contact
finger without any impact on product quality and test
capability. This also supports the company's cost saving
initiative by reducing the cantilever contact finger
consumption by 20%. Further analysis shows that tool parts
measurement, mechanical handler set up and control are the
key factors that result in premature contact finger
replacement.

Through the analytical and in-depth approach of DMAIC,
potential root causes were identified. Reliability Centered
Maintenance (RCM) methodology was used to identify all the
mechanical related issues and implement the proper
maintenance task to improve contact finger reliability.
Statistical Process Control (SPC) is put in-placed to monitor
critical signal on handler as indication that there is deviation
in the setup.

Implementation of all identified corrective actions,
appropriate setup, proper maintenance task and controls
significantly reduce the contact finger consumption.

1.0 INTRODUCTION

Nexperia is a global semiconductor company — expert in
high-volume production of diodes, bipolar transistors, ESD
protection devices, MOSFETs, etc. To maintain
competitiveness on business market in terms of cost per unit,
the company plans to minimize operations cost spending
through Repairs and Maintenance (RNM) cost reduction.
Final test is the 3rd highest contributor in FY2021 RNM
expenditure amounting to $765K which is 18% of overall
maintenance consumption. Out of the $765K final test
spending, 64% is from the contact finger consumption while
the remaining 36% is for other remaining maintenance parts.
The top package contributor in contact finger consumption is
SOT1210 at 60% of total cost, as shown in Figure 1.
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Figure 1. Pareto of overall RNM Consumption

SOT1210 packages are tested in ASM FT-2026 handlers
(see Figure 2) which perform different tests such as
parametric and functional testing. From FY2022 there is an
average of 3.5% quarter to quarter increase of parametric
device resistance (Kelvin) rejection resulting to high contact
finger consumption averaging to 117 sets per quarter.
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Frequent replacement of contact finger occurs when there is
a high Kelvin rejection related to contact module issue.

The TEAM focus on
reduction of contact
finger in Test Module

Figure 2. ASM FT-2026 Handler Test Modules and Contact
Finger

2.0 METHODOLOGY

Comprising of selected experts from Process, Equipment and
Test Engineer, Production Supervisor, Operator, Equipment
and Preventive Maintenance Technician, a Six Sigma project
is created to establish a systematical approach on resolving
the high consumption of contact finger aligned with high
Kelvin rejection.

In this project, the team have fully defined the true root causes
using DMAIC approach of Six Sigma practice. Using the
structured flow of six sigma the team was able to identify the
major contributors that leads to high contact consumption
with relation to kelvin test failure while defining the correct
maintenance and control thru SPC using RCM methodology
as foundation.

2.1 Define Phase

Part of the define phase is to generate problem statement to
identify the focus of the team. Using problem definition tree,
it is concluded that the top spending contact finger is
SOT1210 packages across final test area. Cost analysis shows
that SOT1210 contact finger has 400% more spending
compared to the remaining packages.

SOT1210 packages use plunging method while other
packages use clamping method in testing the product.
Correlating the contact finger consumption in relation to
contact resistance failure, it was found out that plunge type
testing has significant high kelvin rejection across all
SOT1210 handlers as shown in Figure 3.
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Figure 3. Problem Definition Tree
2.2 Measure Phase

Listed below are the tools used to study the baseline data as
part of measurement phase analysis.

2.2.1 Measurement System Analysis for Power uParset
Tester

Power uParset are type of DC tester used on all packages
across Final test area capable of sorting electrically good and
reject device under test. Gage Reliability and Repeatability
(GR&R) Analysis is conducted to determine the consistency
of Tester to provide electrical measurements with precision
and accuracy. In figure 4, GR&R results show all SOT1210
testers are within acceptable criteria of below 30%.

Parameter FTAF-018 FTAF-019FTAF-020 FTAF-031 FTAF-032 FTAF-039 Tolerance
tIGS5P1 0.68% | 0.97% | 1.05% 0.73% 0.71% | 6.81% < 30%
tIGSSN1 1.07% | 1.25% | 1.54% 1.01% 0.48% | 7.69% <30% |

tIDS51 0.47% | 0.60% | 2.80% 1.06% 0.36% | 0.54% < 30%

tIDS530V 0.15% | 0.18% | 0.14% 0.13% 0.25% | 0.15% < 30%
tVGSTX1 0.91% | 0.91% | 0.81% 0.75% 6.04% | 0.39% <30% |
tVGSTX3 0.57% | 0.57% | 0.49% 0.42% 13.47% | 0.34% < 30%
tBVDSS 0.33% | 0.41% | 0.25% 0.22% 0.27% | 0.45% < 30%

tBYDSS_100uA 1.31% | 1.55% | 1.25% 1.29% 1.47% - <30% |
VDSV 1.45% | 1.51% | 1.44% 1.05% 2.87% | 0.11% < 30%
tRDSond 1.50% | 1.68% | 1.75% 1.27% 1.85% | 0.52% < 30%
tRDSonl 1.77% | 2.03% | 1.82% 1.08% 4.77% | 0.90% < 30%
tRDSon3 3.13% | 6.32% | 5.85% 1.66% 10.76% | 0.76% <30% |
tVSDS1 0.67% | 1.01% | 1.01% 0.64% 1.19% | 0.57% < 30%
tVSDS2 0.74% | 0.79% | 0.79% 0.70% 1.08% | 0.43% < 30%
tIDsSs4 0.31% | 0.55% | 0.46% 0.36% 0.29% | 0.65% < 30%
tIGSS5P2 0.79% | 0.76% | 0.85% 0.55% 0.63% | 6.40% <30% |
fIGssP1 1.72% | 1.39% | 1.35% 2.40% 1.17% | 8.90% < 30%
fIGSSN1 1.68% | 1.78% | 1.69% 2.48% 1.48% | 8.65% < 30%
fIDSS1 0.75% | 0.77% | 0.55% 0.95% 0.64% | 0.20% < 30%
fVGSTX1 0.84% | 0.63% | 0.61% 0.67% 5.79% | 0.36% <30% |
fBVDSS 0.29% | 0.34% | 0.25% 0.25% 6.61% | 0.48% < 30%
fRDSen1 2.07% | 1.95% | 1.38% 1.67% 4.41% | 0.23% < 30%
fvsDs1 0.67% | 1.09% | 0.93% 1.00% 0.94% | 0.45% < 30%
flDSS4 0.55% | 0.38% | 0.35% 0.46% 0.28% | 0.08% < 30%
fIGSSN2 2.47% | 3.67% | 3.03% 1.99% 1.61% | 9.48% < 30%
fIGSSP2 1.74% | 2.80% | 2.02% 2.16% 167% | 9.89% < 30%

Figure 4. GR&R Result in Handler’s Power uParset Tester

2.2.2 Test Data Collection

SOT1210 packages average first pass test yield is less than
95% from Q1 to Q3 of 2022, as shown in Figure 5. Quarterly
Volume is increasing but the Test Yield remains below 95%
level. It denotes the Quarterly test yield is not driven by the
total unit tested.

SOT1210 Quarterly Yield vs Tested Units
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Figure 5. SOT1210 Volume vs Yield Trend
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First Pass yield loss is averaging 6.4% for the past three
quarters. Test kelvin failure contributes greater than 55% of
the total First Pass rejects, as shown in Figure 6.

SOT1210 First Pass Rejection Rate vs Kelvin Test
Failure
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Figure 6. SOT1210 First Pass Reject and Kelvin Failure

Contact Finger withdrawal is proportional with the high
percentage of kelvin test failure. The higher the test kelvin
failure the more frequent contact finger replacement.
SOT1210 Contact finger quarterly average consumption is
117 sets, as shown in Figure 7.

50T1210 Quarterly Contact Finger Consumption vs Kelvin Failure
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Figure 7. Quarterly Contact Finger Consumption vs Kelvin
Failure

3.3 Analyze Phase
This phase contains the analytical method in identifying the
root cause/s:

3.3.1 Ishikawa Diagram / Cause & Effect Matrix

Ishikawa Diagram breaks down the information within five
categories of Man, Machine, Method, Material and Mother
Nature (Environment) to determine what are the factors
associated with High Contact Finger Consumption as shown
in Figure 8.

Figure 8. Ishikawa Diagram

Listed in the Cause-and-Effect Matrix are the rating and
ranking of root causes based on process output. Identified
the top 5 contributing factors as follows (see Figure 9):
(1) No 1QC on contact finger,

(2) No limits in contact finger count withdrawal,

(3) Contact Module too high,

(4) Motor down position too low and

(5) Uneven pick head length

1
R

nager T2 [ 3+ [ 2 |
1
1

12 tact finger consumption I

Figure 9. Cause and Efféct Matrix

3.3.2 Pick head and Test Module Mechanism: RCM
Methodology Approach

The team selected RCM (Reliability Centered Maintenance)
approach on studying the mechanical part of Test equipment
that will help reduce contact finger replacement. Reliability
Centered Maintenance (RCM) is a methodology for
determining the level of maintenance that’s needed for a
company to operate effectively in terms of overall cost,
production availability, spare parts stockholding, and other
factors. Focus on preserving system functions, rather than
preserving equipment. RCM is used to define the appropriate
maintenance task/s to be applied with reference to failure type
of the Part in consideration. This is to improve the Part
reliability and reduce the consequence/s as a result of the Part
Failure event.

RCM Major Steps defined are the following:
(1) Determine the Assets Operating Context
The Test Module Sub-assembly is designated for testing of
units. The RCM approach determines the parts that have
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significant impact on kelvin test failure during electrical
testing.
The sub-assembly parts that have impact in this project are
Up/Down motor, Pick head, Pick head collet, contact finger
and Contact module height as identified in machine operating
context.

(2) RCM information worksheet shows the critical failure
mode in this project, see figure 10

(1) Uneven Contact finger height

(2) Uneven pick head length

(3) Too high-test module height

(4) Too low motor plunge position

(5) Accumulated dirt on contact fingertip.

Failure -

Figure 10. RCM Information Worksheet

3.3.2.1 Contact Finger Critical Measurement
Figure 11 shows the design and critical measurement of
contact finger that has significant effect for good set-up of
test module.

o Dowel hole (I and H): 2.00 £0.20mm

e Contact finger height (O): 3.40 £0.050 mm

e Tungsten tip length (R and S): 18.30 £0.050 mm
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Figure 11. Design Measurement of contact finger

Delivered contact finger were subjected for 1QC check and
statistical shows that some contact fingers received are
beyond critical measurement particularly in contact finger
height and Tungsten tip length resulting to kelvin failure, as
shown in Figure 12.
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Figure 12. Capability Analysis of 1QC Report for Delivered
Contact Finger

3.3.2.2 Pick Head Length and Validation

The ASM FT2026 Handler uses 26 pick head that should
have the length of 60.50 £0.020 mm. One of the pick head is
below the minimum length resulting to under plunged during
testing (see Figure 13).

Pickhead Tolerance (20 mi s) [ | Pickhead Tolerance (20 microns)
9 @® 6050 0 20 @ 6050 0.00
g @® 6052 -0.02 19 @ 6050 0.00
7 ® 6051 -0.01 18 ® 6050 0.00
6 @ 6025 0.25 17 @ 6050 0.00
5 ® 6050 0.00 16 @ 6050 0.00
4 ® 6049 0.01 15 ® 6050 0.00
3 © 6049 0.01 14 @ 6050 0.00
2 @ 6049 0.01 13 @ 6050 0.00
1 @® 6052 -0.02 12 @ 6050 0.00
24 @ 6052 -0.02 11 @ 6050 0.00
23 @ 6050 0.00 10 @ 6050 0.00
22 @® 6050 0.00 26 @ 60.50 0.00
21 @ 6050 0.00 25 @ 6050 0.00

Figure 13. Pick head Height Measurement

3.3.2.3 Contact Module Height and Motor Down Position
Validation

The desired idle contact module height is 173.0 mm while
Motor down position is 171.3 mm using jig.

Actual contact module height for four (4) test module is lower
than 0.16 mm to 0.32mm. while motor down position is over
plunged by 0.25 to 0.30 mm, as shown in Figure 14.
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Before FT1 RUGG RGCG FT2
Test Module Height 171.1 168.8 171.3 169.7
Motor Down Position 3740 3360 3200 3150

Figure 14. Current Measurement of Machine Set-up of Test
Module Height and Motor Down Position

(3) RCM Tasks Decision Diagram Worksheet
Required Maintenance Task, frequency and person who will
perform the activity were specified in each failure mode as

shown in figure 15.
n‘(:_:g"‘l 1?“,”""”“ - Proposed Maintenance

Information
Reference

Failure Consequence aintenance
g Tasks

Test Module position  Hiddca.
oo o “onsequence
Mator dawn position  TTidden

100 high Conscquence
Accumulated dirt in
contact finger-tip

(4) Implement the defined Maintenance Task and Interval
3.4 Improve Phase

3.4.1 Maximum Limit of Contact Finger Withdrawal
Maximum withdrawal was limited to 4 pcs per transaction
which is the maximum contact finger used in every handler.
Data shows that there is no excessive withdrawal occurred
after the implementation, as shown in Figure 16.

Histogram of Cantact Finger_2 Individual Value Plot of Contact Finger 2

Contact Finger 2

Figure 16. Histogram and Boxplot of Withdrawal of Contact
Finger with Maximum Limit

3.4.2 1QC Contact Finger Measurement
The statistical contact measurement results exhibit out-of-
specs contact finger measurement are still being received, but

such are returned to supplier and are not used in production
(See Figure 17).
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Figure 17. Capability Analysis of IQC Report of Newly
Delivered Contact Finger

3.4.3 Design of Experiment

The define standard test module height and parameter for
Motor down position become the factors in conducted DOE,
determining the occurrence of kelvin test failure. (The table
in) Figure 18 show the minimum and maximum settings for
the define handler parameters. The experiment changes the
motor down position setting by adding 60 step count and
increment of 50 microns in height of Test Module Height to
simulate the impact of these changes to kelvin test reading.

LOW HIGH
FACTOR NAME TYPE
SETTING SETTING
A MOTOR DOWN POSITION [NUMERIC| 2660 3320
B TEST MODULE HEIGHT |NUMERIC| 167 167.55

Figure 18. Design of Experiment for Motor Down Position
and Test Module Height Minimum and Maximum value

Using response optimizer analysis, the optimized parameters
are driven from the response of kelvin test failure and
Standoff (STO) from motor down position and contact
module height values. The upper gray scale refers to kelvin
test failure occurrence with corresponding measurement for
Test module height and Motor down position. While the gray
scale at the bottom is the limit for the factors to avoid
inducing Standoff in unit leads. Upon reaching the maximum
side of Factor A and B, the set-up induced lead standoff reject
(See Figure 19).
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Optimal Contact Motor Do
D: 1,000 High 167.50 33200
o Cur [167.2109] [3320.0]
Low 166.950 2660.0
STO
Targ: 33.830
y= 32830
d=1.0000

Figure 19. Design of Experiment Response Optimizer for
parameter of Motor down position and Test module height
vs Kelvin Test Failure

Figure 20 signifies the min/max motor down position of 2960
at fixed contact module height of 167.2109 in which the team
define the standard tolerance for motor down position of +
250. Figure 21 indicates the response of STO when the
adjustment is applied in contact module height with fixed
motor down position.

New Contact Motor D New Contact Motor D
High 167.50 3300 Figh 167,50 3300
D:09527 ey 11672109 @200 D:03676 cyr [1672109) (32100)
Low 1 26500 2600

Standolf
Targ: 33850
y=327220
d= 095270

nnnnnn
o Twgmes0 | N o -
o - SN ——

PRE N
4= 06756 \\

Figure 20. FT2 Fixed Contact Module Height vs Lead STO
measurement.

Contact Metor B
167.50 33200

RL0Y 28600 Low 166350 26800

Figure 21. FT2 Fixed Motor down position vs Lead STO
measurement

The interaction plot shows the outlier plot encircled denotes
the response of having kelvin test failure if the motor down
position is at 166.95 and motor down position at 2660. While
the plot inside the box is the best set up of the motor position
and contact module height without any significant change on
package lead standoff with good kelvin reading (see Figure
22).

Interaction Plot for Kelvin
Data Means
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Figure 22. Interaction Plot of Kelvin Failure vs Motor down
position and Test Module Height

4.0 RESULTS AND DISCUSSION
After the project completion, the results were collected and
analyzed. The average quarterly consumption for the
SOT1210 contact finger was reduced from 117 sets to 81 sets
in the last 3 quarters, equivalent to 31% of total contact finger
usage.

4.1 Contact Finger Consumption

Total of 117 contact finger sets were being consumed in the
initial part of the project and was reduce to 81 sets after
corrective actions implementation, shown in Figure 23.

50T1210 Quarterly Contact Finger Consumption vs Kelvin Failure

I arterly CF Consumption 131 112 1= =5 =

——kelvin Fallure L0%

3T%

gy arterly CFCansumption  =———Kelvin Fallure

Figure 23. Quarterly Contact Finger Consumption

4.2 Contact Finger Cost Savings

This project significantly reduced the contact finger
consumption that translates into cost savings amounting to
170K USD as shown in Figure 24.

SOT1210 Quarterly Cost Saving ($)

47,610 ar.610 47,610

Figure 24. Quarterly Contact Finger Cost Savings
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4.3 Kelvin Test Reading Monitoring

Shown in Figure 26, that kelvin reading significantly
changed and becomes more stable after implementation of
actions.

fKelvin1 Reading
0.045
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£ o025 P AN PO sttt st —crttostmtat e et e s
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£ o010

@ 0.005
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Processed Batch

Figure 26. Kelvin (Contact) Test Measurement

4.4 Control Phase

4.4.1 Controls Documentation
Shown in Figure 25 the identified controls for the continuity
of improvement.

Figure 25. Documentation of Identified Controls

4.4.2 SPC Implementation

Statistical Process Control is applied in monitoring
parameters that will lead to special event in kelvin failure as
shown in Figure 27.

nexperia
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Figure 27. SPC Chart — Test Kelvin Failure
5.0 CONCLUSION

Using the systematical and analytical approach of Six Sigma,
the robust solution and controls on the identified root cause.
Problem is prevented to re-occur by applying right
maintenance task using RCM methodology. The team has
analyzed the failure of each part/module and formulated the

corresponding solution. Contact finger quality check prior
usage will not allow production to use out of specification
tool. Standardizing the test module height and pick up head
length will ensure that there will be no variability on handler
set up. These actions resulted to 31% reduction of contact
finger consumption equivalent to 170K USD savings.

6.0 RECOMMENDATIONS

The authors highly recommend the use of analytical approach
of Six Sigma for the in-depth analysis of all potential root
causes combined with Reliability Centered Maintenance
(“RCM”) methodology in solving machine related problems
and placing proper maintenance task and controls.
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