32md ASEMEP National Technical Symposium

OVER REJECTION DOWNTIME REDUCTION THROUGH MAGNETIZED
CLEANING BRUSH

Frielan Z. Mijares

Irish Jan T. Beltran

Eric G. Espino

Integrated Lines Operations 1
STMicroelectronics, Inc. 9 Mountain Drive, LISP 2, Calamba 4027 Laguna, Philippines,
frielan.mijares@st.com, irish-jan.beltran@st.com, eric.espino@st.com

ABSTRACT

This paper will discuss how over rejection downtime was
reduced by addressing defective probe pins that affect testing
results during production.

Using DMAIC approach, the team defines, measures, and
analyzes how probe pins are damaging. The analysis led to
replacing the cleaning methodology and materials wherein
improper and excessive cleaning method with incorrect
cleaning material use will result to defective probe pins.

1.0 INTRODUCTION

Instrip Film Frame Testing is one of the high-volume
production lines for our company STMicroelectronics, Inc.
Instrip Film Frame Testing is the same as Final Testing where
the process is to performed test on packaged device to ensure
that the assembly process was correctly performed and to
verify that the device meets published specification.

During testing, probe pins should be in good condition to
have good bin test result. If the probe pins are damaged. It
will induce contact-related problems or over rejection.

The focus of the proposed improvement is to reduce the over
rejection downtime due to damaged probe pins. See Fig 1.
Over Rejection Trend.
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Fig. 1: Over Rejection Trend from July-October 2019

Over rejection validated when it happens, shown in Fig. 2.
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Fig. 2: Over Rejection Validation Flow

Analyzing Over Rejection Downtime using Process Mapping
when consecutive rejection happens, shown Fig.3.
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Fig. 3: Over Rejection Process Map Flow
Above shows how the 2D code scanning sequence flows.
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Looking at the downtime occurrence of over rejection, Set Maxinum Z Overtravel
defective probe pins is found to the highest contributor.
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Fig. 4: Over Rejection Downtime Trend Contributor
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Fig. 5: Over Rejection Downtime Trend Contributor

Top contributors that induce the probe pins to be defective
are Maximum Z- Over Travel, Probe Card Z-Height, Probe
Pin Cleaning Method and Material use.

1.1 Maximum Z-Over Travel

It is the amount of travel (chuck vertical movement or z CLEANING PAD
movement) after initial touchdown of the probes to contact to
the device contact pad.

PROBE TIPS CLEANING USING CLEANING PAD
TESTING CLEANING PROCESS AFTER CLEANING PROCESS

i

DEVICES

It is adjusted manually with no restriction, as shown Fig 6.
Maximum Z-Over Travel Settings Menu.

Fig. 8: Cleaning Material and Method
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2.0 REVIEW OF RELATED WORK
Upon checking, no related study on other site using same
model of Instrip Film Frame probers. This is reference of ST
Microelectronics, Calamba.
3.0 METHODOLOGY
2.1 Define Phase

The Macro Map below (Fig. 9) shows that the project scope
focuses on the Film Frame Testing.
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Fig 9: Macro Map

2.1.1 Detailed Process Flow under Film Frame Testing

Under Film Frame Testing, as shown below is Fig.10 The
Detailed Process Flow.
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Fig 10: Film Frame Testing Detailed Process Flow

2.2 Measure Phase

Using Input / Output (1/0) Worksheet, we were able to
identify 9 Key Process Input Variables (KPIV’s) in Testing/
Probing process flow. 2 KPIV’s tag as “Not Our Control”,
as shown in Table 1.

Table 1: Identifying Input Variables

Process Inputs (KPIVs)

o |Process step| . SOP | Type of input Input eI cN Specification
Equipment !
VA |DMS 822495 Infrastructare Forcer Motor Motor Speed Controllable Ne errar
2 va |omsmuaryy  |EQuipment/ Max Z-up Over Travel Helght Controllable Bmils Maximun Over
Travel Height
2 VA o Matarial swip Thickness Controllable | £2 Tolerance Thickness
Wold Flssh or Forsign | Nat Conaliable
‘ va Strip Materials Present Noise:
Testing/ inkiod Tane Wt Controliable
s gl va Strip Wrinklod Tags Pt
|| Probing
. va |omsmaaryy |Fuipment! Probe Card Z-height Height Controllable | >450 mils Mi Height
e robe Card Z-heig ig o mils Minimum Heig!
Equipmen / .
7 va  |owsmwzany I:w:wm_ ZClearance Height Controllable 20mils
Equipmen / Probe Tips Cleanin
v - Pl Effectiveness Controllable O rejection
3 va IEH“”“":':!"':.L Aggressive Touchdawn 05 Rejection Cantrollable 200K

Then we use the Cause & Effect Matrix, wherein from 7
KPIV’s, they were trimmed down to 3 based on the rating of
the relation between the 1/0 variables, shown in Table 2.

Table 2: Cause & Effect Matrix

1

Over Rejection
Is Y Continuous
| Discrete?
Specification | Damage Probe
Limits [for Y} Pins
Customer
Priority 10

Unitof
Characteristicof IsX Continuous Operating Range " Count Count  Xselerted

SNo  Progess Ste Ingut tal N Mezsure
d g Input KNV /) [Disaete?  fforX] o % 9 Dl

1 X8 Y Motor Motor Speed 1 10 [viscete | pass/Fail IR Dicanitiex
H Max Z-p Over Travel | Mator Z- Height 5 90 (continuous  [cenifiation | Trining | 0 | 1 RIS
—
3 e/ Block Thickness | Alignmnet Result 1 10 [viscete | pass/Fail IR Dicanitiex
— ..
6 | TS0 |prbecarizheight | Wotorz Height 9 0 [Continuous | Pasef Fail [N selecithex
—{  probing
7 2 dearance Competency 1 10 [continuous  |Certfication | Training | 0 | 0 [EEESEINSY
3 Probelips Cleaning | - eiction 9 o [piscete  {Pass/Fail IR sclecithex
Material
e Touchdows
essive Touchdoun
9 ﬁsm Qver rejection 1 0 [Disrete Pass/ Fail LI  Discard the X

Out of 3 KPIV’s, 2 KPIV’s were proceed quick win to
validation, shown in Table 3.
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Table 3: Quick Wins

(nE Seore QUICK WINS

Characteristic of
put (RPIV/X)  Sqore  Decision  Contrlled  Deciion

" Process ot
No npu
Step :

MaxZ-up OverTravel | MotorZ-Height | 90 RECLINSICRRRELC:IDS

n Testing/ | probe Card heght | MotorZ-Height | 50 [t NI T
Probing -
Probe Tips Cleanin

§ p. g Overrejection | 90 [REEACES Selecthe X
Material

2.2.1 Quick Wins for Maximum Z-Over Travel

Remove “Change” button to avoid altering the setting, shown
in Fig.11 below.

Max Z-up Over Travel Already implemented Remove the “CHANGE" Complete

Setting max z-up over travel button in the machine screen ' W1917
setting per set-up. But  to prevent the max z-up over
we have restriction on  travel setting alteration.
machine password and
some Technician
altered the max z-up
over fravel settings.
Administrative problem

BEFORE

Done in all probers

Probe card:

_ (nil>

Cancel m

Change o« G0 |
V‘v
Fig 11: Set Maximum Z- Over Travel Menu

2.2.2 Quick Wins for Probe Card Z-Height

Remove “Change” button to avoid altering the z-height
setting of the probe pins, shown in Fig. 12 below.

Probe Card Z-height ~ Prober/ machine will Remove the “CHANGE” Complete
Setting validate/ measure the button in the machine screen  W1917
correct probe card z- to prevent the probe card z-
height setting. But we height setting alteration.
have restriction on
machine password and
some Technician
altered the probe card
z-height setting.
Administrative problem

BEFORE

Done in all probers

- =
Fig 12: Probe Card Setting Menu

2.3 Validation Phase of the Potential X's

We proceeded to validate the 1 remaining X’s.

2.3.1 Cleaning Method and Material Validation

Using cleaning materials, we validate “Abrasive” and
“Brush” Cleaning Materials.

2.3.1.1 Abrasive Cleaning Material (Current Set-up)

For Abrasive cleaning materials, cleaning method is z-motion
(z-up/ down). Shown in Fig.13.

PROBE TIPS CLEANING USING CLEANING PAD
CLEANING PROCESS

Fig 13: Abrasive Cleaning Materials

2.3.1.2 Brush Cleaning Material (Propose Set-up)

For Brush cleaning materials, cleaning method is x and y
motion (left & right movement). Shown in Fig.14.

PROBE TIPS CLEANING USING BRUSH MATERIALS

CLEANING PROCESS
v\ )
v ¥ BRUSH

BRUSH

Fig 14: Brush Cleaning Materials

2.4 Analyze Phase

Table 4 shows the validation plan to analyze if there is a
significant difference.
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Table 4: Validation Plan Table

Validation Plan and Results

Levels of X, if Hypothesis Statement
Y [T A R Bl i [ = Graptical | Statstical
(or mini Y) | Measure as WX | continuous converted into Null Alternative | Analysis Test
discrete Hypothesis | Hypothesis
" Over | ClezningPad Pleanig?ads PCleaning Pad # 2 Proportion
Discrete | " |Discratel . PBrush 3
Rejection BrushMaterials i PBrush Materials| Test
Materials
Probe T\ps % Over
Cleaning Retect
Material jection
" Damage | . (Clezning Pad Planig?ad PCleaning Pad # 2 Proportion
Discrete Discrete| 5 PBrush N
Probe Ping Brush Materials Materiss PBrush Matarials| Test

The sample size was generated based on attribute sampling
formula to perform the statistical test, shown in Fig. 15.

GENERAL ATTRIBUTE SAMPLING FORMULA:

, (pq 0.5 (0.5)
n=2Z,, | =19*1 —
Wk 0.10

Fig 15: Probe Card Setting Menu

Shown below is Table 5 The Final Validation plan table with
sample size using cleaning pad and brush materials.

Table 5: Final Validation Plan Table with Sample Size
Validation Plan and Results

Levels of X, if Hypothesis Statement
| x| e [Renge ol gscreteor Graphical | tatitial [ | some
s of X converted into Null Alternative | Analysis Test Size
discrete Hypothesis Hypothesis
_ PCleaningPad = _ _
Discrete | O |Discrete| Cleaning?ad |, on Plleaning Pad # 2 Proportion | 5 1 {0.05| 100
Rejection N PBrush Materials Test
Materials
PCleaningPad =
. Damage | Cleaning Pad PCleaning Pad # 2 Proportion
Discrets Discrats
® |probe pins| | Brush Materials ::::::ih PBrush Materials Test 01005 100

- 2 Proportion Test
- 2 Proportion Test

> Probe Pins Cleaning Material
> Damage Probe Pins

2.4.1 Probe Pins Cleaning Material Statistical Test

Shown on Fig. 16, using 2 Proportion Test in online auto
cleaning due to the occurrence of over rejection during
Testing/ Probing. The result shows that at 95% confidence
level, there is SIGNIFICANT DIFFERENCE between
cleaning pad and cleaning brush materials in occurrences of
over rejection.

Hypothesis
Statement

Process

: Conclusion
Function

Process Step Practical Problem  Test Plan
Is there an Ho:
Improvement PCleaningPad =
on Over Rejection PCleaningBrush
occurrences using 2 Proportion
Cleaning Pad and Ha:
Cleaning Brush PCleaningPad =
Material. PCleaningBrush

Probe Pins
Auto Online
Cleaning

Testing/
Probing

Reject Ho

is of Ower Rej Occurrences By Probe Pins Auto Cleaning

1= Contil ncy Analy
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Fig. 16: Cleaning Material — 2 Proportion Test Result
2.4.2 Damage Probe Pins Statistical Test

For the damage probe pins, at better than 95% confidence
level, there is SIGNIFICANT DIFFERENCE between
cleaning pad and cleaning brush materials in occurrences of
damage probe pins during testing and auto online cleaning.
See Fig. 17.

Process Process
Function Step

Hypothesis

Statement Conclusion

Practical Problem Test Plan
Is there is an Ho:
Improvement PCleaningPad =

Probe Pins :l_i Dam_age Probe 2 Proportion PBrushMaterials

ins using Test
Cleaning |Cleaning Pad and
Cleaning Brush
Material.

4 = Contingency Analysis of Dirty/ Bent/ Stuck-up Probe Pins By Probe Pins Auto Cleaning
< Mosaic Plot
1.00

Testing/
Probing

PBrushMaterials

Dirty/ Bent/ Stuck-up Probe Pins

Fisher's

bractTest  Prob Atemative i

Left Stuck-up Probe Pins=Bror] is greater for Probe Pins Auto Oesning=P Brush Materizls than P Oleaning Pad
Right Stuck-up Probe Pins=Emoe) is greater for Probe Pins Auto Osning=P Clezning Pad than P Bush Matenials

2-Tai Marty/ Bent/ Stuck-up Probe Pins=Emor] is different across Probe Pins Auto Cleaning

Fig. 17: Damage Probe Pins — 2 Proportion Test Result

2.5 Improve Phase

Corrective and Preventive actions were summarized using
potential problem analysis as shown in Table 6.
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Table 6: Corrective and Preventive Action

Responsible/
Completion
Date

Validated
KPIVICause

Permanent
Action

Preventive
Action

Item Problem

Status

1 High downtime
occurrences of Over
overrejectionin | Rejection Include the PM
all devices Occurrences | Replaced the schedule of
running on cleaning cleaning brush
EGA030F probers materials from materials Done
from July to cleaning pad to cleaning, Frielan
September 2019 cleaning brush |  inspection and WW2005
affecting the Damage materialsinall | replacementin
OPS1 Integrated | Probe Fins | EGA0S0F prober | the Equipment PM
Line Cost and schedule.
Delivery.
Find below is Fig. 18 Cleaning Brush Materials and
Method.
PROBE TIPS CLEANING USING BRUSH MATERIALS
TESTING CLEANING PROCESS AFTER CLEANING PROCESS
A A
ol BRUSH
[ [ | ] S
BRUSH Prommemmnes )
DEVICES " X&Y MOTION CLEANING '
e R (S, I

Fig. 18: Cleaning Brush Materials and Method
3.0 RESULTS AND DISCUSSION

After the improvements were made, Over Rejection trend has
improved from July 2019 to November 2019. See Fig 19.

. . . Bl R
Over Rejection Downtime
35%
DEFINE PHASE MEASURE ANALYZE &
30% (IDENTIFYING PHASE IMPROVEMENT
FACTORS) (QUICK WINS) PHASE
25%
£
H
S
8
2 o
o%
W9 Augls  Sepld  Oct19  Nov1S  Decds  Jan20  Feb20  Mar20
mmOver Rejection ===Entitlement ===Baseline ===Target

Fig. 19: Over Rejection Occurrences Improve from the average of 23% to
10%.

Defective probe pins trend improved by 3% from July 2017
to November 2019. See Fig 20.
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Fig. 20: Defective Probe Pins Trend
4.0 CONCLUSION

After implementing and completing all actions, encountered
over rejection errors were reduced and same with the probe
pins consumption, thus improving machine performance.

5.0 RECOMMENDATIONS
It is recommend to fan-out these learnings to other machines.
Future studies are recommended for plans to zero-out the
occurrences of over rejection and probe pin damage.
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