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ABSTRACT 

 

With the introduction of a new optical diffuser product at 

Operations 2 and support important customer requirement, an 

immediate challenge to be able to develop a Wafer 

Reconstruction process and on top of this we are required to 

qualify a new machine to support reconstructed wafer 

manufacturing and meet product quality for end customer. 

This is the 1stWafer Reconstruction Process in ST 

Microelectronics and ST Calamba will be the center of 

Optical Diffuse Wafer Manufacturing of ST. Successful 

release of new products and process will bring more 

advantageous ventures to the Organization and opportunities 

to the people as well. 

 

This customer request is a challenge to Operations 2 as this is 

the first time we have processed a reconstructed wafer and 

requires maintaining an accurate die placement. During the 

qualification we must consider different factors which 

includes the qualification of new machine, its capability and 

limitation, qualification of new process, new operation, and 

resources. At the onset of the initial phase of the qualification 

we have qualified a conceptualized die attach with Optical 

System using an 18-Picker-Turret type handler for 2mm dice 

size. This new process not only affects the yield at the current 

step but also resulted with product RTV brought by 

singulation issue, placement issue and not optimal vision 

system. There is a need to improve overall Yield and ensure 

product quality as these are key factors at the start of 

engineering milestone and must be effective prior mass 

production. This requires further efforts to review pick up 

tool design, ejector design, process parameters and machine 

maintenance. With detailed process analysis and systematic 

problem-solving methodology, the existing tooling and 

parameters will be modified and fine-tuned for an efficient 

and effective wafer reconstruction process with good quality 

of products but also the manufacturability towards high 

volume production.  

 

To address the quality issues of this new process, a new  

technology was instituted to resolve these issues with the 

conceptualization of tooling and automatic die aligner 

specifically for this purpose and was evaluated thoroughly 

before integration on the wafer reconstruction process flow. 

Results showed that the issues pertaining to reconstruction 

issues like backside tool mark, rotated dice were eliminated 

from 14% rotated dice loss and 4% singulation tool mark 

This literature discusses the breakthrough solution for quality 

improvement and manufacturing process & technology at 

Optical diffuser wafer manufacturing and wafer 

reconstruction process.  Realization of proposed solution and 

automation aided during the engineering phase and 

eliminated non-value-added activity. By introduction of new 

process and challenge to process yield improvement further 

machine improvements were introduced to eliminate die 

placement and cosmetic defect. This provides the best 

solution in wafer reconstruction process and ensuring perfect 

compliance to customer requirements and product quality. 

 

1.0 INTRODUCTION 

 

The electronics industry is making a tremendous investment 

in Optical Diffuser Wafer Manufacturing. The reasons for 

this investment include product flexibility in semiconductor 

manufacturing. 

 

Today’s Wafer Reconstruction process has Optical system 

and have accurate die placement capability and can produce 

thousands of units per hour. To achieve this performance, the 

Wafer Reconstruction system must be highly capable of dice 

singulation at high speeds and consistent efficiency, 

positively with Vision system that can accurately detect 

cosmetic and placement non-conformity. The product must 

be free from damage and foreign material during processing, 

with dice placement within the specified tolerances. 

 

1.1 Wafer Reconstruction Process  

 

The Wafer Reconstruction process typically refers to the 

techniques used in semiconductor manufacturing to 

reconstruct the structure of a silicon wafer. For Operations 2 

12-in UV-cured sawn wafer are being reconstructed to 8-in 

mounted tape 
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Fig1. Wafer Reconstruction Flow 

 

1.2 Wafer Reconstruction Platform  

The Wafer Reconstruction platform is MIT Optimus MR3. 

The MIT MR3 was designed for 12in wafer to 8in wafer 

reconstruction, Machine SUPH is up to 15k, capable on 2mm 

die sorting (0.5 to 15mm machine capability) , placement 

accuracy of +/-30um ,  with vision system up to 6 sides 

inspection capability. The machine capability is appropriate 

to new product for Operations 2 

 

 
 
Fig2. Wafer Reconstruction Platform 

 

This machine is designed for use as an automatic die transfer 

machine for 8-inch and 12-inch wafer film frames. It can pick 

the singulated die from a populated, mapped and sawed 

wafer. The selected bin category from this input frame is 

placed into the output frame of pre-selected pattern which are 

all defined early in the recipe. 

 

Vision Systems are installed on top of Input & Output wafer 

tables and Theta Inspection Station. Input camera and Output 

camera are used for die verification, inspection of surface 

defects and aid the wafer until die level alignment. Theta 

Vision is used for orientation inspection. Identification of the 

wafer ID, lot information and mapping request by using a Bar 

Code Scanner at Input Wafer Handler is also available. 

 

 
Fig3. Machine Layout 

 

1.3 Wafer Reconstruction Process Details 

The Wafer Reconstruction process typically refers to the 

techniques used in semiconductor manufacturing to 

reconstruct the structure of a silicon wafer. For Operations 2 

12-in UV-cured sawn wafer are being reconstructed to 8-in 

mounted tape. Other indirect materials includes ejector 

needle and Die pick-up tool (PUT) 

 

 
Fig4. Process Direct and Indirect Materials 

 

The process starts in loading the 12in- UV cured-sawn 

wafer to the Load Station. Dice will undergo 100% dice 

inspection; Dice PASS the cosmetic inspection will be pick 

and undergo 100% Bottom Inspection through uplook 

camera. Dice PASS Inspection will be placed 8-in recon 

wafer. Output station have 100% dice inspection. Wafer 

map will be updated after lot completion. FAIL dice on 

Input and Output Station will be inked reject on wafer map, 

FAIL dice on bottom inspection will be thrown to REJECT 

bin. 
 

  

 
 
Fig4. Wafer Reconstruction Machine Macro Flow 
 

8in Unified cassette

START

Input Table 
Wafer 

Loading
and AOI

Pick & 
Place and 

Uplook AOI

Output Table 
Wafer 

Unloading
and AOI

END

Pick and Place Process
Pick and Place Process



33rd ASEMEP National Technical Symposium       
 

 3 

 

1.4 Frontside and Backside Wafer Inspection Requirement  

With the new product introduction and customer 

requirement. We are required to check accordingly the 

defects per region of interest and foreign material both 

Frontside and Backside of the wafer. 
 
Table 1.  Defect size criteria per Region of Interest 

ROI Defect size 

1.Frontt and Backside 

Edge/Corner of die 

Chipped >50um 

2. Metal Pad Scratches >340um, Other defects >50um size 

3. Frontside datum area Defect >30um size 

4. Tracing code Missing Trace 

5. Frontside non datum area Defect >50um 

6. Backside datum area Foreign material >30um ,  between dice and tape 

7. Backside non datum area Foreign material >50um , between dice and tape 

 
Figure 5. Die  Region of Interest, with defects and contamination 

requirements delineated on Table1. 

 

1.5 Wafer Reconstruction Output Response 

The reconstructed wafer should maintain placement with the 

ring, die spacing and die alignment on the 8in frame. 

 
Table 2.  Output response specification. 

 
 

The reconstructed wafer placement within the ring should be 

+/- 0.1mm horizontal measurement and =/-0.8mm vertical 

measurement from the reference center of the frame.   

 
Figure 6.  Placement within the ring measurement 

 

The die placement on tape should comply with X and Y 

spacing tolerance of 0.25 – 0.35mm and die rotation should 

be less than 3degress , die array rotation should be with 2 

degrees specification. 

     

 
Figure 7.  Die Placement measurement. 

 

1.6 Wafer Reconstruction Process Issues 

On the early stage of the Engineering phase. 

Wafer reconstruction yield is at 80% level. 

Not to mention the machine low speed brought by high 

defect rate. The rotated die (exceeding theta) yield loss is 

at 14% and the tape residue defect is at 3.3%. 

 
Figure 8.  Pareto of Defects in ppm. 

 

1.6.1 Rotated Die Reject 

Rotated Die rejects are units failing the 3degrees rotation, 

this is detected and measured through Bottom inspection 

and measurement. 

 

 
Figure 9.  Bottom side AOI Image of Good alignment vs Rotated Die 
 

1.6.2 Tape residue defect 

Dice detected with cosmetic defect on backside of die 

during 100% Bottom Inspection. The location of the defect 

and optical image confirms that the defect is tape residue 

and coinciding with ejector contact. 



33rd ASEMEP National Technical Symposium       
 

 4 

 

 
Figure 9.  Bottom side Optical Image of Good Die vs Die with Tape Residue 
 

1.7 Bottom Side Inspection Capability Check 

To ensure that the Measurement system can effectively 

discriminate a good vs a non-conforming die. An Attribute 

MSA was conducted. Likewise, to check the measurement 

integrity of die rotation a Stability Test was performed. 

 

1.7.1 Attribute Measurement System Analysis 

In standard Measurement System Analysis. Known good and 

Fail samples were provided and tested thrice on machine 

under qualification (BWR01 MIT Wafer Recon.Machine 

auto run with AOI enabled and inspects the parts in different 

order and the results are recorded on a datasheet. Analysis 

noted; P(FA) This type of error is not as serious as a miss 

since a conforming part is rejected. However, rejecting a 

conforming part causes rework and re-inspection to be 

performed when it is not necessary (Miss) is a serious type of 

error since a non- conforming part is accepted 3. Also check 

the Kappa results. A general rule of thumb is that the values 

of kappa greater than 0.75 indicate good to excellent 

agreement (with maximum kappa =1); values less than 0.40 

indicate poor agreement. 

     
Table3: MSA Attribute Matrix 

 
Table3: MSA Attribute Matrix 
 

1.7.2 Stability Test 

 

A stability test was performed, this is to assess if the 

measurement system can be used anytime without 

compromising the integrity of the Data. Sample standards 

will be measuring 3 to 5 times in a short period of time to 

obtain one group of data. Should they be performed on a 

regular basis such as hourly, daily, or weekly. Initially, 25 

groups of data should be gathered. 

 

 

 

On Statistical Analysis, we will look for possible out of 

control points, point outside the control limits, 7 consecutive 

points above/below the center line and 7 consecutive points 

upward/downward trend 

 

1.7.3 Wafer Recon Bottom Inspection MSA result 

The Bottom side inspection of MIT Wafer recon has high 

effectiveness at 92% vs 90% requirement. The agreements vs 

standard is 100% with 0% miss and 0% false alarm. 

 

With the statistical analysis concluded, that the machine is 

highly capable to detect Tape residue defect on backside and 

therefore high rejection rate confirms dive have valid defect. 

 

 
Figure 10: AOI image of detected FAIL and PASS dice 
 

 
Figure 11: Statistical Analysis of Bottom side inspection 

 

 

1.7.3 Wafer Recon Die Rotation Stability Test 

On the stability test, Die was pick and rotated intentionally; 

it was inspected for 5 times repeatedly with an interval of 

1hour for 25 times and record the angle measurement did by 

the machine look up camera.  

 

Statistical Analysis shows a stable measurement system with 

not out of control points. Therefore, the die bottom 

measurement is stable and high rejection of rotated die is 

valid reject. 
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Figure 12: Statistical Analysis of Die Rotation Measurement 

 

 

2.0 REVIEW OF RELATED WORK 

 

Wafer reconstruction process has been widely used in the 

manufacturing process as a technique to reconstruct a silicon 

wafer form. Wafer Reconstruction machines have an 

integrated optical system to ensure product conformance both 

cosmetic and die measurement. 

 

The motivation of this study is to bring up a new process and 

new product successfully to high volume production. The 

new process, the Wafer reconstruction process yield will be 

improved for mass production. Successful release of new 

products and process of Operations1 will bring advantageous 

ventures to the Organization and opportunities to the people. 

 

3.0 METHODOLOGY 

 

3.1 Rotated Die rejection analysis 

 

3.1.1 Understanding the die pick and place behavior 

With the use of high-speed camera during actual pick and 

place. Die movement was observed on dice with gap during 

pick.  

 

 
Figure 13: High speed camera image during pick 
 

 

 
Figure 14: High speed camera image during pick of Rotated vs Good Die 

 

This phenomenon can be corrected through PUT tip 

calibration. 

 

3.1.2 Auto Die aligner  

Integrate on the Wafer Reconstruction machine a station that 

would auto align the module exceeding the die rotation 

specification before placing to the 8in wafer tape. 

Rotated die rejected on bottom inspection station will be 

recovered using the new aligner module by correcting the die 

rotation previously rejected by backside camera. 

 

 
Figure 14: Die Rotation Aligner Module Overview Figure 14: Die Rotation 

Aligner Module Overview 

 

• Aligner Camera ➔ To check die theta position after 

pick from input wafer table 

• Aligner Module ➔ To correct die theta position 

before place in output wafer table 

• Bottom Camera ➔ To check again the die theta 

position after aligner module correction & to inspect 

backside surface. 

 

 

 
Figure 15: Illustration of Die aligner and Pick up tool 

 

• The Material of aligner is soft HTR (Hardness: 

Shore A55-A60) 

• Size range appropriate for 2.6x2.6mm 

• Rubber tip to tip holder thickness 2.1mm 

• Recommended, rubber tip will last 150K place/pick 

depending on the die surface.  

 

 

 

 

 

There was a gap 
between die and 
pick-up tool 
during picking that 
resulting to 
exceed die theta 
rotation

The gap between 
die and pick-up 
tool during pick 
process was 
corrected after 
spring tensioner 
adjustment and tip 
height auto 
calibration

ROTATED DIE GOOD DIE
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3.2 Root cause Analysis for Tape residue defect 

To further increase the process yield, the 2nd challenge is 

understanding the cause and factors for improvement to 

cutdown the tape residue defect through systematic problem-

solving methodology. 

 

3.2.1 Fishbone Analysis of Tape residue defect 

The Team identified 16 key process variables as potential 

factors of the tape residue defect. (See Appendix1- Fishbone 

Diagram). Under Method process variables are no proper set-

up procedure, wrong UV cure setting, wrong wafer staging 

post cure. Mother nature is out of specs wafer storage. Under 

Machine variables are uncalibrated machine, not optimized 

ejector height settings, not optimized ejection speed, not 

optimized pick force, not optimized pick press down, not 

optimized pick dwell time and not fine tined look up 

inspection. Variables under Material are not suitable tip 

design, not appropriate wafer tape, not suitable needle design, 

not appropriate ejector pepper pot. For Man, considered 

variable is the lacking expertise on machine set up. 

 

3.2.2 Cause and Effect Matrix 

 

Out of the identified process variables, 6 factors are identified 

critical for validation  : Ejector  needle design , Pick up tool 

material/design , Ejector height, Ejector speed, Pick and 

Place force, Pick and Place press down and Dwell time. Refer 

to Appendix2 – Cause and Effect Matrix. 

 

3.2.3 Validation Plan  

 

The Statistical Analysis Plan was abstracted to consider 

sample size, nature of data and appropriate method for 

analysis of responses on tape residue. On ejector needle 

design compared 150um vs 100um flat tip design. For Pick 

up tool compared plastic and rubber tip. Pick and place 

parameters will be evaluated on low to high side. Refer to 

Appendix3 – Statistical validation plan. 

 

 
Figure 16. Evaluation Plan for identified factors vs response on tape residue. 

 
 

 

 
 

 

3.2.3.1 Ejector Design 

The current set up uses 0.2mm diameter and rounded tip. 

The study aims to know if diameter and tip shape is a 

significant factor to tape residue defect occurrence. 

 

POR: 

 

 

For study: 

 

 
Figure 17: Illustration of Needle tip and dimensions 

 

3.2.3.1 Pick-up tool design 

The current set up uses a rubber tip design with 2mmx2mm 

outer diameter and rounded tip. 

The study aims to know if new design have significant 

factor to tape reside defect. 

 

 
Figure 18: Illustration of PUT design and dimensions. 

 

 

 

 

 

 

 

 

 

 

 

Statistical Test Plan

Reject PPM Discrete
Ejector needle 

design
Discrete

150um pointed ejector 

needle and 100um flat 

tip ejector needle
Ho: Ha:

2 Proportion 

Test
0.1 0.05 2.2% 704

Reject PPM Discrete
Pick up tool 

material type
Discrete

Rubber Tip and ESD 

plastic tip
Ho: Ha:

2 Proportion 

Test
0.1 0.05 2.2% 704

Reject PPM Discrete Ejector height Discrete 0.4mm -0.75mm Ho: Ha:
2 Proportion 

Test
0.1 0.05 2.2% 704

Reject PPM Discrete Ejector Speed Discrete 40ms -100ms Ho: Ha:
2 Proportion 

Test
0.1 0.05 2.2% 704

Reject PPM Discrete PnP Pick Force Discrete 90 -150g Ho: Ha:
2 Proportion 

Test
0.1 0.05 2.2% 704

Reject PPM Discrete
PnP Pick Press 

Down
Discrete 0mm -0.6mm Ho: Ha:

2 Proportion 

Test
0.1 0.05 2.2% 704

Reject PPM Discrete
PnP Pick Dwell 

Time
Discrete 50ms -110ms Ho: Ha:

2 Proportion 

Test
0.1 0.05 2.2% 704

Tape Residue

    =      =         ≠      ≠     

   =     =        ≠     ≠     

  =     =       ≠    ≠     

   =    =        ≠    ≠     

   =    =        ≠    ≠     

      =      

       =                ≠         
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4.0 RESULTS AND DISCUSSION 

 

4.1   Pick-up tool tip calibration. 

Perform and Enable tip heigh calibration every lot start, 

every intervention on PUT (Pick up tool). To ensure that the 

PUT was properly inserted, centered position and within the 

reference line. 

 

 
Figure 19: Tip height calibration function. 
 

 

 
Figure 20: PUT Pass and FAIL during calibration check 
 

 

The result shows Rotated dice rejection was cut down to 

1.6% from 14% yield loss after performing the correct 

calibration of Pick up tool. 

 
Figure 21: Die Rotation Yield Loss trend 

 

4.2 Qualification of Auto Module Aligner 

Integrated the Aoto aligner module on the wafer 

reconstruction process. Rejected dice with >0.5 degrees will 

proceed to die aligner for rotation correction. On charts 

below show that the die failing the 1st bottom inspection 

maintained the alignment near 0 to 0.5 degrees. 

 

 

 

 

 
Figure 22: Die Rotation Measurement 
 

Risk assessments were done, and results confirmed: 

• Particle count inside the machine is passing the 

specification. 

• No particles induced/observed on tape of the dice 

undergone die aligner station. 

• No cosmetic defect induced on die wafer surface. 

• No DRC failure on dice undergone auto aligner. 

 

The Rotated dice rejection was eliminated to 0% from as 

high of 14% loss during Engineering Phase. 
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Figure 23: Die Rotation Yield Loss trend 

 

 

4.3 Summary of Statistical Validation for Tape residue 

defect 

Statistical Analysis confirmed significant difference on tape 

residue yield loss on different tip and shape. 

It was recommended to use a flat tip with a smaller 

diameter. 

 

All other factors are not significant. Except the ejector 

height set to optimal settings. 

 

 
Figure 25: Statistical Validation 

 

 

 

 

 

4.3 1 Statistical Analysis on Ejector Tip and Dimension 

Statistical Analysis (see Appendix 4- Statistical Testing 

Result) on varying ejector tip and dimension shows that:  

1. The quantity of rejects related to exceeding die 

theta vary on ejector needle tip size used. 

2.  The best ejector needle tip size to be used is 

0.15mm based on the result of the validation. Not 

the best in terms of exceed die theta rejection 

reduction but the effect on tape residue and 

toolmark issue was minimal compared to other 

ejector needle used. 

3. The new ejector needle design tip size does not 

affect tape residue related reject. 

4. New ejector needle design tip size has significant 

effect on toolmark related reject. 

5. The best ejector needle tip size to be used is 0.1mm 

flat tip since tape residue and exceed die theta was 

reduced without inducing other defects. 

 

  
Figure 26: New ejector design for Wafer Reconstruction process 

 

 

Evaluation concludes the best design is flat tip with 0.1mm 

diameter considering tape residue and other potential 

defects. 

Line stress confirms that the defect rate was cut down 

from 3% to 0.3% defect rate. 
 

 
Figure 27: Yield loss trend of tape residue 
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4.4 Process parameters validation 

 

Statistical Analysis confirms that Combined parameters had 

no significant effect on exceeding die theta rotation. The 

result was zero in all runs. 

 

P-Value for ejector needle height response on tape residue 

was less than 0.05 indicating significant effect on tape 

residue related issue. 

P-Value for ejector needle height response on hard to pick 

was less than 0.05 indicating significant effect on hard to 

pick related issue. 

 

The optimum parameter conditions given by the prediction 

profiler are Ejector Height =0.56mm and Ejection Speed = 

70% for UPH consideration. At these levels, the expected 

PPM rejection for Hard to Pick and Tape Residue is less 

than 2%. 

From the plot, the tolerances for Ejector Height are: Ejector 

Height: 0.52 – 0.6mm. See Appendix 5 – DOE result. 

 

5.0 CONCLUSION 

 

Based on the machine assessment and qualifications, it was 

proven that the machine Optical System have high defect 

detection effectiveness that the high rejection brought by 

rotated dice at 14% and tape residue at 3.3% are valid process 

rejection. 

 

This has led to the introduction of machine calibration and 

auto die aligner that eliminated die rotation to 0%. 

 

With the challenge to further improve the Process Yield. 

Tape residue defect was also studied and lead to modification 

of tooling. Smaller tip and flat design have led to lower defect 

rate from 3.3% to 0.3% loss. 

 

Process parameters were checked and set optimal settings of 

ejector height to consider singulation and other pick and place 

defects. 

 

Having deployed this project at the start of the L4 milestone, 

no quality issues have been recorded during the engineering 

run up to mass production. With these, the new machine and 

process was established and finalized as part of the optical 

diffuser wafer process towards the mass production of the 

latest proximity device at Operations 2 and the project’s 

deployment is successful and has supported the 

manufacturability of the new product.   

 

 

 

 

 

 

 

6.0 RECOMMENDATIONS 

 

The current study can be interpreted as the ultimate solution 

for improved wafer reconstruction process. With the 

integration of auto die aligner, tooling modification, machine 

maintenance and optimized parameters have positive result 

of the study, we can implement this change towards the mass 

production of the latest device and can also be sustained to 

other future devices with the same customer requirement.  
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10. APPENDICES 

 

 

 

APPENDIX 1: FISHBONE DIAGRAM 
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APPENDIX 2: CAUSE AND EFFECT MATRIX 
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5 Pick & Place 

Ejector needle design is 

not suitable for 

Addir/Merun wafer

Unable to pick die 

properly/Can induced tape 

residue

9 9 180 Discrete
Suitable ejector needle tip 

design
0 2 Select the X

6 Pick & Place 
Ejector pepper pot design 

is not suitable 
Unable to pick die properly 1 1 20 Discrete

Suitable ejector pepper pot 

design
0 0 Discard the X

7 Set-Up

Assign personnel that 

make a set-up is not 

expert on the machine

Wrong machine set-up 1 1 20 Discrete
Machine expertise to have 

proper machine set-up
0 0 Discard the X

8
Material 

Preparation

Wafer storage humidity 

is out of SPECS
Can cause hard to pick 1 1 20 Continuous

Correct wafer storage 

humidity base on SPECS
0 0 Discard the X

1. If doubtful about the impact of X on Y, give atleast 3 or 9

2. Ratings should be based on impact of X on Y irrespective of occurrence 

of cause (X)

Cause and Effect Matrix
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APPENDIX 3: STATISTICAL VALIDATION PLAN 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 

 

Statistical Test Plan

Reject PPM Discrete
Ejector needle 

design
Discrete

150um pointed ejector 

needle and 100um flat 

tip ejector needle
Ho: Ha:

2 Proportion 

Test
0.1 0.05 2.2% 704

Reject PPM Discrete
Pick up tool 

material type
Discrete

Rubber Tip and ESD 

plastic tip
Ho: Ha:

2 Proportion 

Test
0.1 0.05 2.2% 704

Reject PPM Discrete Ejector height Discrete 0.4mm -0.75mm Ho: Ha:
2 Proportion 

Test
0.1 0.05 2.2% 704

Reject PPM Discrete Ejector Speed Discrete 40ms -100ms Ho: Ha:
2 Proportion 

Test
0.1 0.05 2.2% 704

Reject PPM Discrete PnP Pick Force Discrete 90 -150g Ho: Ha:
2 Proportion 

Test
0.1 0.05 2.2% 704

Reject PPM Discrete
PnP Pick Press 

Down
Discrete 0mm -0.6mm Ho: Ha:

2 Proportion 

Test
0.1 0.05 2.2% 704

Reject PPM Discrete
PnP Pick Dwell 

Time
Discrete 50ms -110ms Ho: Ha:

2 Proportion 

Test
0.1 0.05 2.2% 704

Tape Residue

    =      =         ≠      ≠     

   =     =        ≠     ≠     

  =     =       ≠    ≠     

   =    =        ≠    ≠     

   =    =        ≠    ≠     

      =      

       =                ≠         
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APPENDIX 4: STATISTICAL TESTING RESULT: 
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APPENDIX :  

DESIGN OF EXPERIMENT 

DOE RESULT: 
 

 

 
 

 

 

 

 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 


