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SPTS is a manufacturing company based in Newport, UK, which specialises in the development and manufacture of semiconductor equipment. SPTS specialises in PVD, CVD, MVD and etch equipment, providing advanced wafer processing technologies and solutions for the semiconductor and microelectronics industry. SPTS is part of the KLA group, which is an American company, based in Milpitas, California. KLA supplies process control and yield management systems for the semiconductor industry and related nanoelectronics industries. (about SPTS, 2024)
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[bookmark: _Toc197262017]Proposed project – Problem statement 
The proposed project at SPTS aims to implement the lean tool 5S to improve efficiency in hardware changes. Due to poor organisation of tools and parts, hardware changes take longer than necessary, increasing lead times for customer demos and reducing satisfaction.
5S is a lean tool developed in Japan, consisting of Seiri (Sort), Seiton (Set in Order), Seiso (Shine), Seiketsu (Standardize), and Shitsuke (Sustain). Its purpose is to organise work areas, improving efficiency by making parts easier to find and reducing process time. In disorganised spaces, finding tools and components is time-consuming, so by eliminating unnecessary items and standardising the workspace, task time can be reduced. (Lean Principles in Operations and Supply, 2021)
[bookmark: _Toc197177890][bookmark: _Toc197178290][bookmark: _Toc197262018]The focus of this project is the business unit within SPTS, specifically the development area used for customer demos. The area is disorganised, especially the tool storage, causing delays. The project’s goal is to reorganise and tidy the space to improve task efficiency.

[bookmark: _Toc197262019]Project scope 
The key business metric for this project is schedule, aiming to reduce cycle time. The secondary metric is cost, aiming to reduce overall costs by decreasing cycle time.
The project’s main objective is to organise the area for a more efficient workspace. This includes removing unnecessary items and implementing organisation systems, such as shadow boards for tools, to simplify task completion and standardise the workspace. The objectives are to:
* Identify problem areas and measure time for completing tasks
* Identify delays and solutions
* Reorganise the area using new techniques
* Re-measure task time and compare it to the original value
* Calculate time saved through 5S implementation

The goal is to reduce cycle time by at least 10% by project completion, which will define the project’s success.
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[bookmark: _Toc197262023]Measurement system analysis
Measurement system analysis is fundamental in ensuring a measurement systems precision and accuracy. The aim of this analysis is to determine the variation of the measurement system, be this the error in the measurement tool itself or to determine the variation across measurement users. Determining this variation is important to understand the actual variability of the process being measured minus the error originating from the measurement process. (Sumasto, 2023)
The process to calculate this error is to either repeat the measurement several times with the same measurement tool and same user to determine the precision repeatability, or to have several operators measure the same process to determine the operator to operator reproducibility.
The data type being measured is time. This will measure the time to complete a standard process from start to finish including the time taken to obtain tools for the task. 

[bookmark: _Toc197262024]Data collection plan 
 Step 1: ensure measurement tool (stop watch) is correctly calibrated. This can be completed by comparing the measurement against another known accurate measurement tool or by measuring a task of known length. 
Step 2: the same task will be measured several times in a set of trials. Several measurements will be taken of the same process. 
Step 3: calculate the variation between the measurements to determine the study variance. An acceptable variation in measurement is below 20%, ideally this measurement would be below 10%. 
Data type
The data type being collected throughout the project will be quantitive and will be interval scale, therefore the differences in the data will be meaningful and will be able to be compared. 
[bookmark: _Toc197262025]Measurement system analysis
The project aims to improve the time it takes to complete a set process, thereby reducing costs. To quantify improvements, a benchmark of the current process time must be established before implementing changes. Typically, a gage R+R study is used for critical components, but since a calibrated stopwatch is being used, the only variation is human reaction time (0.25 seconds), which is below the required threshold. Therefore, a gage R+R is unnecessary.
Human reaction time when using a stopwatch is 0.25 seconds, meaning the measurement uncertainty should be at least +/- 0.25 seconds (Human Benchmark, 2025). The measurement system should have high accuracy with limited uncertainty, as the only variable is human reaction time. (Human Bench Mark, 2025)
The task being measured is a platen offset change. To determine the baseline time, several participants will measure the task to get an average. As the task is not done daily, the initial measurement is based on one activity. The activity involves collecting tools, removing screws, opening the chamber, completing the offset change, closing the chamber, replacing screws, and tidying up. Four participants measured the time, resulting in the following:
	
	Time measured (s) 

	Person 1 
	742.5

	Person 2
	742.3

	Person 3
	743.0

	Person 4
	742.8


[bookmark: _Toc197262753] Figure 3
The average time take to complete all tasks related to the process is calculated to be approximately 742.65 seconds. The minor variation in the time measured is negligible and can be attributed to human reaction time. 
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The capability of the project can be determined by creating a feasibility study. Identified possible issues can also be mitigated using identified solutions during a FMEA or Failure mode and effects analysis.
A capability study is a systematic investigation used to identify whether a project is achievable based upon certain specified requirements. It looks at several areas, such as whether the time frame is achievable, the budget set for the project and whether the people involved have sufficient knowledge to complete the project. A score out of 5 is then allocated to each section, determined by how likely each part is to be successful; these are then turned into a percentage to determine the projects capability. After completing this task, the capability of the project was determined to be 85.71% and is likely to be successfully completed.  (ASQ, n/a)
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FMEA
An FMEA is a systematic tool that is used to identify failure modes within a project and their resultant effects. Each issue is assigned an ‘RPN’ value, which is a calculation based on the severity of the issue, how likely it is to occur and how likely it is the error will be detected. These 3 areas are rated from 1-5 and then are multiplied together to produce the RPN value. The failure modes can then be rated according to there RPN value and more severe issues can be prioritised to ensure the success of the project. (Salah, 2023)
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The FMEA identified 3 main issues, 2 of which were rated ‘red,’ the most severe. These related to obtaining materials and project implementation delays. The issues were caused by missed or delayed shipments and the project manager’s unavailability. To mitigate these, components should be ordered well in advance to avoid shipment risks, or parts should be obtained in person. To prevent delays in implementation, the project manager should ensure all relevant personnel are aware of the project date and that space and availability are secured. Another engineer could be trained as a backup in case of emergencies.
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Value stream mapping (VSM) is a visual tool used to identify inefficiencies in a process. It highlights value-adding tasks and unnecessary delays, helping improve the process. By visualizing the flow of information and materials, VSM identifies bottlenecks and inefficiencies. (Kholili, 2023)

A value stream map of the current process at SPTS identified inefficiencies and a bottleneck in materials. The initial hardware change stage—identifying and gathering tools—was the most time-consuming. Tools were either misplaced or in short supply when multiple tasks were performed, causing delays. Another delay arose from sourcing spare components from off-site stores; replacing lost or broken parts could take several hours.
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Process A is the task of collecting tools for the task, this took approximately 300 seconds. Process B is the process of removing the screws venting the chamber and adjusting the platen offset, this took approximately 300 seconds. The final step, process C is the process of closing the chamber, resetting the interlocks and tidying the area, this final step takes approximately 140 seconds. There is little cool off time during this process except for the pumping and venting stages. In order to prevent damage to the hardware components, time is allowed between pump and vent cycles. 

The request for a hardware change will come from an engineer, this is then added to the schedule, if any components are required, this must be requested from stores. Stores is based off site and deliveries are typically completely for the next working day, so this can lead to delays in the process. 
[bookmark: _Toc197262030]Lean metric velocity 
The lean metric velocity can be used to calculate the amount of value added time within the process. This is an ideal metric to identify improvements to the system and can also be used to identify methods of improvement by removing time wasted for non-value adding tasks. The lean metric velocity can be calculated using the equation ‘time for value added steps/ process lead time’ 

In the current process there are 3 value adding steps with a lead time of 740 seconds, this works out to a lean metric velocity of 14.59 steps per hour. This value can be used to compare the results once the process improvements have been made to quantify the improvements. 

The set up time for the process is predominantly completed in the first step of the process, all tools and materials are collected before the job is started, so there is limited set up time required between steps, this is beneficial as it limits wasted time and movement in the remaining steps. It however means the value added time during the initial stages is low as the majority of the time is used walking to find tools, causing the time for the first step to be very long and seemingly low value. The aim of the project is to reduce this set up time and reduce the non-value added time in the activity. 

The main activity planned to reduce the preparation time is to ensure any and all supplies and equipment needed for the set up is staged near the work area in an organised fashion. This will drastically reduce the set up time for the task and will also reduce the non-value added time in the process.

[bookmark: _Toc197262031]Movement analysis
When completing the hardware change, there is significant unnecessary movement when collecting tools. This included walking between several different tool boxes within the business unit as well as searching in work benches. This lead to a lot of non-value added time being added to the process as well as wasteful movement leading to increased time. 

The most effective strategy to reduce the unnecessary movement within the process is to consolidate the tools used into 1 space to prevent the unnecessary movement while searching for tools and components. 

A spaghetti diagram can be completed to identify the amount of wasted movement within a process, this is a method of visualising the movement with a continuous flow line, this can be helpful to identify intersection points which could cause delays and opportunities to improve the process flow. The current state basic spaghetti diagram is as below. With improvements to the storage solutions and operating procedure, it is possible to improve the wasted movement significantly. 
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[bookmark: _Toc197262032]Review of analysis methods 
The graphical methods used in the analyse portion of the project included a spaghetti diagram and a basic value stream map. As well as these visual representations a lean metric velocity value was calculated in order to determine the amount of value added time within the process. These methods will allow for a fair and clear comparison to determine improvements in the process once changes has been made. 

These methods identified areas for improvement by identifying where time is being wasted.  This is therefore, where improvements should be focused. In this area, most of the time being wasted is when locating tools as they are unorganised and spread throughout the business unit, with several tools missing from each set, making it a timely process to locate everything you need to complete a job. Therefore, by providing new tools in a more organised concise manner, this will drastically reduce the wasted time and movement identified in the spaghetti diagram.

The use of the spaghetti diagram was useful as it showed a visual representation of the physical flow of the person during the process, easily identifying the inefficiencies of the process. By mapping the movement of the engineers it is easily possible to identify where excessive walking or backtracking occurs, allowing for these issues to be targeted. A benefit of this tool is it is possible for it to be understood by everyone, not just technical staff so it is possible to explain the issues quickly and without confusion, it was also quick and easy to create. A limitation of the diagram is that it only tracks physical movement, it does not necessarily capture any delays or any digital or physical information flow, so will not necessarily capture all delays and inefficiencies in  the process. It is also only a one-time snapshot of the process, it does not show are variations or fluctuations in the movements across different processes. Another limitation is that it is subjective to the observers interpretation of the flow of movement, so there is a possibility for some variation or human error. 
Value stream mapping or VSM is a visual tool which is used to identify waste or inefficiencies in a process. It uses visual representation of the process to identify value adding tasks and those which are adding unnecessary time allowing for process improvement. A value stream map was produced for the current process at SPTS, this identified inefficiencies and a bottleneck regarding materials. A benefit of this method is it creates a visual representation of the process from start to finish, it is also possible for it to be understood by everyone, not just technical staff. A limitation is for complicated processes it can be quite time consuming to create 
[bookmark: _Toc197262033]Critical points for improvement 
The most critical area for improvement is the availability and organisation of the tools within the business unit, this is the task which causes the most delays and wasted time within the process. An issue which may occur when completing this section is the area not being available for use, if jobs are currently being completed there may be push back from engineers who do not want to be observed or recorded. Therefore it would be important that during the identification portion that the engineers are made aware well in advance so they can give consent to being recorded. A challenge when completing this is the area actually being available, engineers may be working in the area therefore I would not be able to spend a long time in the space. To overcome this issue, it could be completed outside of the shift hours or on the weekend so there would be ample time to complete the evaluation. However, this would lead to an increased cost of the project as over time would need to be paid for the project manager and any helpers as they would be attending work outside of the regular hours. 
Another critical point identified is delays caused by deliveries from stores. Now this areas is based off site, there is 1 delivery per day. Therefore if there are materials or tools required that are not available on site this can be a 1 working day delay while waiting for these items to arrive from stores. This is not a common issue as common parts are kept within the business unit, however, if they were required this would drastically increase the process time. In order to prevent this issue, commonly used and basic components should be kept on site to prevent delays. Another possible contingency for this issue is to create a engineering plan to schedule hardware intervention so it can be ensured all the components required are ordered and on site in advance of there requirement. 
[bookmark: _Toc197262034]Improve
[bookmark: _Toc197262035]Possible improvement methods -  brainstorming 
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AI-generated content may be incorrect.]An unstructured brainstorming session was conducted to identify potential solutions to solve the current issues with the BU. Several potential solutions were identified and discussed to ensure the benefits and limitations of each were understood prior to deciding on a final solution. A payoff matrix was then created to visualise the benefit of each solution to further solidify which task should be completed. 

The method of improvement that is estimated to produce the best results for this specific process is the implementation of tool storage and organisation. Therefore, this is what will be implemented into the business unit to reduce the cycle time during hardware changes. This will be the process of implementing shadow boards to reduce wasted time and wasted movement during the process. This was found to be the most suitable solution based upon   the benefits and limitations of the project as well as in the  ‘payoff matrix’ determined during the brainstorming session. 
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[bookmark: _Toc197262758]Figure 8
The payoff matrix compares the benefits of the project against the effort of implementing it. Based upon the solutions found during the brainstorming session, it was determined the implementation of SOPs and hardware training was considered low effort, however it was also low benefit due to the limited time savings it would bring. However, the pump change was determined to be high effort due to its time consuming and costly nature, however it was also low benefit due to the low time saving. The implementation of 5S or improved organisation and tool storage was determined to be low effort and high benefit due to the high potential time saving during the current process. Due to this it was decided to implement this solution.
(SSDSI, 2023)

[bookmark: _Toc197262037]Cost benefit analysis
Cost benefit analysis involves calculating the cost of a project versus the projected benefits of the project to determines its cost benefit ratio. This is to ensure that the benefit of the project outweighs the potential costs of implementation.
The cost of implementing the project is simply the wages of the engineer carrying out the work as well as any component costs, the shadow boards and fixing will be available from the off-site stores, if including the cost of all materials, the overall cost of the project is £343.46. 
	Component 
	Quantity 
	Unit Cost
	Total Cost 

	Shadow board 
	1
	£44.96 (Online – however materials available in stores) 

	£44.96


	Fixings (Screws) 
	10
	£7.95 per box
	£7.95

	Stopwatch 
	1
	£2.55 
	£2.55 

	Hourly wages for labour 
	 8 hours a week for 2 weeks 
	£18 per hour 
	£288



The benefit of implementing the project will be a reduction in process time, the current process takes approximately 743 seconds. Once the project is completed, this time should be reduced to approximately 533 seconds, a 29% time saving. Due to the short period of time the project takes this results in a small saving financially of £1-2 per process, however over time will be significant. As well as will allow for more tasks to be completed in a day, reducing lead times and customer satisfaction which is also valuable. 
The cost benefit ratio is 0.0058 per each hardware change, therefore the project will have paid for itself within a maximum of 172 tasks, this would occur within 2 months of implementation. As the implementation would continue to be beneficial and would be cost effective within such a short period of time, the benefit of the project would easily outweigh the initial cost of the implementation. 

[bookmark: _Toc197262038]Pilot proposal 
Prior to implementing the project through the entire cleanroom, It is proposed to pilot the project by implementing it in just 1 area initially. This will allow for any required changes or improvements to be made prior to full implementation. This will also allow time for feedback from other members of staff and allow them to give input on what could be done better or if they feel it is worthwhile implementing the solution throughout the cleanroom. This method will allow us to better predict the success of the project as well as the potential cost of implementing it on a greater scale. 
The same tools used to conduct the initial time measurement were used during the pilot for consistency. In the pilot, shadow boards were implemented in 1 section of the clean room to test their efficiency. Tools were obtained from stores to supply the shadow board for the tests. 
	
	Time measured (s) 

	Person 1 
	531.4

	Person 2
	532.0

	Person 3
	531.8

	Person 4
	531.5


[bookmark: _Toc197262759]Figure 9
The average time calculated during the trial was 531.6 seconds, an approximate 211 second saving compared to the initial measurement. This is a 28.39% time saving compared to the initial test. This time was saved by a massive reduction in wasted time and movement during the process. This improvement can be seen in the future state spaghetti diagram which shows the flow of movement during the process. 
[bookmark: _Toc197262039]Future state diagrams
Another visual representation of the improvement of the project can be seen by using a future state spaghetti diagram, this shows the flow of movement throughout the task. Compared to the previous state diagram, this shows significantly improved movement, reducing the amount of wasted movement and time within the project. Allowing for a much improved ratio of value added time in the process. 
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When looking at the future state of the value stream map, there are few differences, other than the process time in the initial states as well as the overall process time. The overall process remains the same. Therefore, the only quantifiable difference is the process times, however, this shows a significant improvement from the initial diagrams and timings.
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[bookmark: _Toc197262040]Lean metric velocity 
Previously the lean metric velocity was 14.59 steps per hour based on 3 value adding steps taking approximately 743 seconds. Based upon the current improvements with 3 value adding steps taking approximately 532 seconds, the updated lean metric velocity is 20.28 steps per hour, a 39% increase. 
Based on the improvement in time as well as the decreased wasted movement as can be seen in the current state spaghetti diagram, as well as the improvement in the lean velocity, the implemented solution has had a beneficial effect and is worthwhile in implementing throughout the business unit. The implementation cost was low at £343, this resulted in a large improvement in time, therefore, it can be considered worthwhile. With the current time saving, the project should recuperate its cost within approximately 2 months, therefore, this improvement should begin saving the company money very quickly after implementation. 
The ‘musts’ for this project were to reduce the time it takes to complete the task, and a secondary ‘want’ was to reduce costs. The project has resulted in a saving in both of these areas, therefore, based upon this criteria it can be considered a success. 
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AI-generated content may be incorrect.]An updated FMEA was also created to ensure the ongoing success of the project, to help prevent any potential issues from arising.  This detailed potential problems as well as the recommended contingencies that can be implemented. 
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Control 
To ensure the continued success of the project, control measures will be put in place to ensure the process continues to run smoothly and prevent any predetermined issues from occurring. This step is crucial for ensuring the objectives of the project continue to be met, it also allows for monitoring of the process so it can be compared to the benchmark performance.  The most common solutions identified can be seen as follows, as well as the control measures that can be implemented to prevent the occurrence of these issues.
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The best known method (BKM) procedure documents as well as the training documents will be updated with the new tool storage location and the new operating procedure. These will be printed and hung near the tools to ensure all engineers are aware and that they can be referenced where required. As well as this other visual displays regarding the new tool organisation and rules will be posted to ensure the new procedure is clear and concise. By using visual displays this will be easy for everyone to understand and also will be a constant reminded of the changes, which will help to ensure the process is followed. However, with any human process, it cannot be controlled 100%. To help with this aspect, the tool storage was implemented as a shadow board, so all tools can only be placed in one spot, therefore, people will be forced to place them back correctly. This should hopefully contribute towards encouraging staff to replace the tools after use and ensure the area is kept clean and tidy.  
If issues were to arise, these should be reported to the facilities team, they have overall responsibility for the area as a whole as well as tool availability. The facility teams email can be added to any documentation posted in the area to ensure engineers are aware who to contact. This aspect can also be mentioned in any training to ensure that it is clear who is able to assist with issues in this area and who should be contacted in the event of an issue or emergency. 
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SIX SIGMA PROJECT CHARTER
GENERAL PROJECT INFORMATION

PROJECT NAME

PROJECT MANAGER
Annefiese Edwards

Business Unit cycle fime redluction

EwaL PHONE ORGANZATIONAL UNT
Anneliese edwards@klo.com - Customer Senvice
Resources Asianed EXPECTED START DATE SXPECTED COMPLETON DATE
Annefiese Edwards [CVD Applications Engineer] 011272025 01/04/2025
BLACK BELTS ASSIGNED EXPECTED SAVINGS EsTMATED COSTS
None £15001n fist year 2500
PROJECT OVERVIEW
PROBLEM Wasted fime and movement during regular fasks, leading fo increased cycle fimes. This s delaying complefion of customer
OR ISSUE demonstrations, leading fo customer dissafistaction.
PURPOSE
Reduce the cysle fime of standord processes fo increase fhe capacity of the worklorce.
OF PROJECT V ® pecty
BUSINESS. The decreased customer safifaction willlead o less refurning customers, which will impact income and proff. Business aimis
CASE fo reduce the cycle fime in order fo improve fhroughput and overal customer safisfaction
GOALS /
Grifical to schedule, secondery - Criical fo cost
METRICS i
EXPECTED

DELIVERABLES

A minimum 10% reduction in cycle fime by he end date of the project




