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ABSTRACT 

 

This paper presents the comprehensive framework in 

employing the use of Internet of Things technology (IoT) to 

implement Unit Level Traceability for fingertip products. The 

product involved in this project is a new brick of BGA device 

supplied to one of our key customers for LCD touch 

controller application on mobile phones. This product is one 

of ST Calamba’s high volume product that will support 

business ramp-up and the company’s continued growth. Unit 

Level Traceability requirements were assessed in the process 

and gaps/constraints are identified. Driven with smart 

thinking, engaged people and team collaboration, assessment 

of the processes was done and identified that there are 

qualified machines which are not capable of supporting the 

system for Unit Level Traceability (ULT). This is one of the 

key focus or challenges the team met.  

 

1. 0 INTRODUCTION 

 

In today’s technology, semiconductors and electronics have 

become part of our everyday activities. Internet of Things 

(IoT) are everywhere and part of our daily life. As technology 

keeps on changing, we too must adapt to these changes, and 

this is one of the biggest challenges for any semiconductor 

company to maintain its competitive market position, share 

and value. Always meeting the customer requirements and 

making our process robust in terms of process control, 

product traceability is the main goal of every company. 

Supporting this objective, ST introduced the Unit Level 

Traceability for its products, and we call this system STULT 

 

The ST Unit Level Traceability (STULT) is a FW2 integrated 

system that serves as a central mapping repository for wafers, 

strips, devices and dice traceability information. The 

objective is to be able to do backward traceability for each 

device historical information at applicable process step.  

 

During the introduction of our BGA product, unit level 

traceability is not included/considered during the 

qualification process. It just followed the standard lot 

traceability from input to end of the process. However, during 

the actual engineering runs, problems/issues arise related to 

defect escapees and will only be detected once lots are 

completed final testing step. Tracing backward the lot history 

at assembly process is a tedious activity which causes delays 

on the root cause analysis and manual validation of rejects. 

This is where the problem occurs and is highlighted by our 

customer, which needs to be acted upon immediately by the 

team. 

 

1.1  Product Overview 

 

The device is a substrate-based package where 

CMOSE40ULP wafer/die is mounted using die attach film 

(DAF) and wire bonded with a 0.70 mil Cu wire to form the 

interconnection. The product is molded through compression 

process, solder ball attached to each ball grid patterns, 

marked and then sawn into a single unit. This product 

application si for LCD touch controller on mobile phones. 

 

                
             Figure 1: Sample photo of BGAXX product 

 

2. 0 REVIEW OF RELATED WORK 

 

Traceability is a key factor for process improvement, quality 

monitoring and analysis. In today’s time, products become 

more complex and challenging and add dependencies to    

reduce engineering work. There is certain applicability that 

require connecting one system to another and one machine to 

other software/ applications to communicate and supply 

desired output. Unit level traceability allows the equipment 

to download and upload substrate, wafer x/y coordinates, and 
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lot information from different process via an Interface 

solution to provide full unit level backward and forward 

traceability from Assembly to Test & Finishing. Currently, 

STULT as a process control is supporting 60% of the 

products and the remaining percentage has some 

constraints/limitations on the process which is being 

addressed to achieve 100 % implementation. 

 

3.0 METHODOLOGY 

 

3.1 Problem Definition 

 

The problem was triggered by high open/short rejects at Final 

test occurring on BGAXX qualification lots. After subjecting 

those FT rejects at Failure Analysis, it reveals assembly 

defects from wire bond like missing wire, non-stick on pad 

and others. These rejects escaped manual 

inspection/segregation at Assembly and have reached Final 

Testing process. Shown below are the occurrence of FT fails 

on BGA XX qual lots.  

 

 
Figure 2: FT O/S data 

 

Subjecting the affected sample with high O/S failure to FA, 

Assy related contributes 65% of the failures. 

 

 
                           Figure 3: O/S contributors. 

 

Assy defects contribution to O/S failures were further 

validated using 2 Proportion test. 

 

 
Remarks : 

Since p-value obtained (0.00)  is less than the set alpha 0.05, 

we can dismiss the null hypothesis and conclude that there is 

statistically significant difference on the proportion of assy 

related defects  compared to the no anomaly/non assy 

related in terms of its contribution to O/S failures. Assy 

defects has higher contribution to OS failures. 

 

Details of the Assy related rejects were analyzed / subjected 

to FA and come up with below results. Based on the pareto, 

top defects are wire bond related like missing wire, lifted ball, 

lifted stitch, broken wire and club bonding. 

 

     
Figure 4: Assy defect pareto 
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Figure 5:  Sample images of defects seen on Xray 

3.2 VOC (Voice of the Customer) 

 

The project is supported by Calamba Top Management and 

driven by  customer needs to enhance product traceability up 

to unit level and for fast and easier lot disposition at Final 

Test when an SBL/SYL is encountered.      

 

3.3 Problem Statement 

Based on the collected data and information, Assembly 

rejects contribute 65% on the over-all Bin 5/bin 6 rejects 

detected at Final test for BGAXX products processed from 

Q1-Q2 2024. 

 

3.4.  Measure Phase  

3.4.1 Assembly Process Flow 

To have the full overview of the project, Figure 6 shows the 

macro map of BGA products and highlighted are the focused 

process (source and detection step) 

 
            Figure 6. BGA XX process flow 

 

It is  followed by the details of the Wire bond process step 

and how each step is performed and impacts the  problem. 

 

 

 

 
Figure7. Micro Map View of Wire bond process 

 

3.4.2 Process Overview 

3.4.2.1 Wire bond Process  

Wire bonding is the process of providing electrical 

interconnections between external leads of semiconductor 

device (or other integrated circuits) and silicon chips using 

bonding wires, which are fine wires made of materials such 

as Gold, Copper, Silver or Aluminum. During wire bonding, 

defects incurred are detected by machine and giving 

signal/errors making it to stop the process.  These errors are 

being attended by operator/technicians and necessary action 

plan on the machine and actual strip are needed /executed to 

resume the process. 

                         
                        Figure 8. Wire bonder Machine 

 

3.4.2.2 100% 3rd Optical Inspection 

This is the process of inspecting the wire bonded strips to 

separate out any wire bond related defects. This is being 

performed by operator where rejects detected are inked on the 

strip and recorded on a strip map. Below is the sample strip 

map used for BGAXX. This is the replica of the actual 

substrate inspected as shown in Figure9. 
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Figure 9: Rejects detected are x marked on the strip map  

 

3.4.2.3 Dot Marking 

Dot Marking is the process step wherein all identified rejects 

on strip are marked using a silver marking pen. During this 

process, operator used the dot marking jig and actual paper 

strip map as reference. The dot marking jig is the 

representation of the strip map and actual strip where the unit 

location is properly identified. Rejects on strip map are 

manually marked in actual strip using the dot marking pen by 

the operator. These rejects are then bin out during singulation 

and segregated on separate reject trays 

             
        Figure 10. Actual DOT marking by operator 

 
Remarks : Reject identified on strip map are locate on the 

actual strip through the dot marking jig 

 

 
Figure 12: Paper Strip map vs actual strip with rejects 

 

Remarks : Reject identified on strip map are marked on actual 

strip on the same location 

 

3.4.3 Measurement System Analysis (MSA) 

 

To assess the accuracy of the operators  performing the visual 

inspection of the strips after wire bond process, attribute 

MSA was conducted. All operators were assigned to perform 

inspection on 50 samples and compare results with standards. 

Shown below are the results. 
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             Table 1: Operators Attribute MSA Study 

 

Summary : 

 
 

Conclusion : 

Attribute MSA study of all the operators/inspectors passed 

the specs with 96.32% effectiveness, 1.45% False alarm and 

1.23% miss. 

 

Refer to Appendix 1 for the detaisl of the MSA study. 

3.5 Analyze Phase 

Potential root causes of the Assy defects detected at Final test 

are identified/summarized on the Fishbone Diagram shown 

below in Figure 13. Results are the collective data during 

brainstorming performed by the team. 

 

 
                      Figure 13 : Fishbone Diagram 

 

 

 

3.5.1 Root Cause Validation 

 

Potential Root Causes identified on the Fishbone are then 

validated and come up with below valid root causes: 

 
Table 2: Validation Matrix 

 

4.0 RESULTS AND DISCUSSION 

 

Results of the detailed analysis and investigations lead to the 

identification of the root causes/factors affecting Final test 

yield  and come up with below action plan. 

 

4.1 Action Plan 

      To address the root cause identified for the assy rejects 

reaching Final Test, STULT was implemented to improve 

reject detection and avoid mixing of units. Shown below is 

the current STULT architecture. 

 
Figure 14. STULT Architecture 

 

STULT by default will provide a higher level of process 

control such as: Diffusion Check, Product Check, Duplicate 

Die Pick Check, Strip Part Number Check, Anti Mix Check, 

2D Read Off Check, Dummy Strips checks, Production Strips 

checks, Bin Code Check and Strip ID Format Check.  

 

Communication between the Equipment controllers and the 

Equipment is done through SECS-GEM protocol.  

 

STULT will help trace die coordinates pick from wafer level 

down to strip level unit location and rejects are traceable in 

the electronic strip map that will be generated from Die 
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Attach to Wire bond. Rejects identified will not be marked 

during marking process and therefore defect segregation is 

easy and accurate. 

 
                Figure 15. Strip to wafer map Traceability 

 

Currently, STULT as a process control is supporting 79% of 

our products and the remaining percentage which is using a 

different system has some constraints/limitations on the 

process which is being addressed to achieve 100 % 

implementation. 

     

 
                     Figure 16 : STULT Distribution  

 

4.2 STULT Process Validation and Capability 

Assessment 

Prior implementing STULT on the current process, risk 

assessment was done to ensure no limitations or hindrances 

will be encountered during implementation. Below is the 

assessment done on the qualified machines used by the 

product. 

 
Table 3: Machine Assessment 

 
Remarks :ESEC2008 (old machine) is not capable for 

STULT. It can only support FWMS(Wafer mapping only) 

 

4.3 Addressing the Gap for the Die Attach Machine 

ESEC2008 series was tagged by the OEM as obsolete 

machines  and no longer supported in terms of SW upgrade. 

To support the STULT requirement, 3rd party supplier was 

invited for the needed software or application. The MONOID 

Solution was introduced on the machine to support the 

requirements. Below are the features of this MONOID 

solution . 

• HSMS connection 

• SECS/GEM connection to machine 

• Machine control and process state events 

• Machine alarms to HOST 

• Dynamic configurations of events 

• Recipe upload / download to host 

• Wafer mapping 

• Strip mapping (E142 format) 

• External wafer  ID reading 

• Log history of ACQYR-SM operations 

 

MONOID Architecture: 

 
Figure 17. MONOID Interface with the ESEC2008 
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4.4 Results Validation 

4.4.1 New Process Flow  

 

After completing the needed upgrade on Die Attach 

machine, STULT was fully deployed/integrated on the 

affected processes (Die attach, Wire bond and marking). 

Below is the macro map of the process monitored during 

implementation. 

 
                      Figure 18. New Process Flow 

 

Remarks : Dot marking step was eliminated after the 

STULT implementation. Rejects on actual strips are no 

longer dot mark, instead during laser marking, it will be 

skipped/not marked (selective marking) and only good units 

will be marked 

 

4.4.2 Electronic Strip Map Creation 

Starting at Die Attach step, electronic strip map are 

generated per strip. Good units are identified and 

differentiated with the bad/rejects. 

 

 

 

4.4.2.1 Die Attach 

 
Remarks: At this step, machine rejects are updated in 

STULT including the bonded good dice. 

 

4.4.2.2 Wire bond 

 
Remarks : During Wire bond step, the electronic strip map 

are updated real time . Rejects detected by the machine are 

automatically updated on the e-strip map. Detailed 

breakdown of rejects and good units are visible in the 

electronic strip map. 

 

 
Remarks : During visual inspection, if there are rejects, 

user/operator will update the electronic strip map in STULT. 

 

4.4.2.3 Laser marking 

 
Remarks : During laser marking step, only good units are 

marked (selective marking) in the actual strips.  Detailed 

breakdown of rejects and good units are also visible in the 

electronic strip map 

 

Remarks : Only good units are marked. Rejects units have 

NO marking as shown on the 3x units highlighted. 

 

4.4.3 Final Test Validation 

Results of the lots processed at Assy with STULT shows 

acceptable FT yield and no Assy related rejects are reported 

that had cause high bin 5/6 failures.  
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                           Table 4 : Final Test OS data 

 

Statistical comparison using 2 proportion tests for lots with  

STULT and w/o STULT was performed. 

 

           
          Note : Sample 1: Lots without STULT 

                    Sample 2: Lots with STULT 

              
                         Figure 19: 2- Proportion test 

 

Remarks : 

Since p-value obtained (0.00)  is less than the set alpha 0.05, 

we can dismiss the null hypothesis and conclude that there is 

statistically significant difference on the number of Assy 

rejects detected on lots without STULT and lots with STULT. 

Lots with STULT shows better results and low/zero 

occurrence of Assy rejects that may reached Final test and 

high chance of passing the SYL/SBL limit. 

 

Further validation/monitoring was performed on production 

lots and shows good results.  No lots failed the SBL limit for 

O/S (Open/Short) . 

 
Figure 20 : O/S Performance of Production lots after STULT 

implementation 

 

5.0 CONCLUSION 

 

Machine obsolescence poses significant challenges to 

maintaining unit level traceability. As machine age or 

become obsolete, ensuring compatibility becomes 

increasingly difficult. Through team’s collaboration, 

teamwork and partnership with manufacturers and third-party 

providers, we were able to overcome these challenges and 

ensures the continues use of STULT in our manufacturing 

process. Unit level traceability as an effective process control 

has enable us  to guarantee quality products reached Final test 

and therefore minimizing time consume during failure 

analysis whenever low yield limit was triggered. 

Furthermore, our process becomes more efficient by 

minimizing the time consume on non-value add activities like 

dot marking of rejects. 

 

6.0 RECOMMENDATIONS 

 

The authors would like to recommend the fan out of  STULT 

system implementation on all fingertip/BGA products using 

the legacy machine at Die Attach  and to other products 

during NPI phase . In addition, assess and qualify STULT on 

lead frame-based packages for continuous improvement in 

the system. This fan out will help for the 100% full 

deployment  of STULT in our manufacturing process. 
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APPENDIX A: Wire bond Operator’s Attribute MSA Study 
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SUMMARY: 

 
 

CONCLUSION: 

The MSA study passed the specs for effectiveness at 

96.32%, False alarm of 1.45% and miss of 1.23% 

 

 


