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Introduction 
SPTS is a company that works within the Semiconductor industry, producing the world’s leading Semiconductor and microelectronic devices. SPTS has worked for 40 years to produce the industry’s leading Silicon etch, Dielectric Etch, Dry release Etch, PVD, PECVD, and MVD solutions.  As well as supplying our customers with the best semiconductor solutions, SPTS also offers a dedicated customer support network. ‘Demos’ are used to demonstrate the capabilities of SPTS’s semiconductor tools as well as to solve issues currently being observed by customers.  
The engineering project aimed to complete a Particle Vapour Deposition (PVD) demonstration which resolves an issue currently being observed by a customer. During this specific process, particles are observed on the front side of the silicon wafers post-processing. This has been identified as an adhesion issue, occurring during the back-side deposition process. This occurs due to the metal film insufficiently adhering to the outside edge of the wafer, leading to the flaking of the film. This leads to significant yield loss as any part of the surface that has been contaminated with particles will be unsuitable for use. The project aims to be able to provide a process that will allow us to deposit the metal film onto the wafer without depositing any film within a set edge exclusion from the edge of the wafer. 
To produce the required edge exclusion for the metal deposition process, a shadow shield was fitted to the tool to provide a physical barrier to prevent deposition within 0.5mm of the wafers edge. 





Code of Ethics in Engineering 
When practicing in the Engineering profession, it is vital that you uphold and advance the integrity, honour, and dignity of the engineering profession. There are 7 main fundamental canons of ethics in engineering, these are; 
1. Engineers shall hold paramount the safety, health, and welfare of the public in the performance of their professional duties.
2. Engineers shall perform services only in the areas of their competence.
3. Engineers shall issue public statements only in an objective and truthful manner.
4. Engineers shall act in professional matters for each employer or client as faithful agents or trustees and shall avoid conflicts of interest.
5. Engineers shall build their professional reputation on the merit of their services and shall not compete unfairly with others.
6. Engineers shall associate only with reputable persons or organizations.
7. Engineers shall continue their professional development throughout their careers and shall provide opportunities for the professional development of those engineers under their supervision.

As well as the 7 fundamental canons of ethics in engineering, these are 4 fundamental principles that an engineering must strive to adhere to, these are; 
1. Using their knowledge and skill for the enhancement of human welfare;
2. Being honest and impartial, and serving with fidelity the public, their employers, and clients;
3. Striving to increase the competence and prestige of the engineering profession; and
4. Supporting the professional and technical societies of their disciplines.
  	
There are several rules of practice that should be adhered to whenever completing engineering operations and designing new systems. This is to ensure the safety of others and the public; engineers are responsible for all of their professional activities and should always act to serve public interest and should avoid any practices that were to deceive the public.  All such rules should be considered during all engineering operations, it is also very important these are considered during my project to ensure I am operating correctly and truthfully. 
As well as adhering to engineering ethics on how to produce and act during activities it is also important when designing a product to ensure you are buying ethically sourced produces, these are those that in the process of manufacturing were obtained with responsibility, in ethical and sustainable ways. The product is to have very little of no negative impact on the human that produced it, the environment or society. It is therefore important to vet the places you source components from to ensure they do not partake in any unethical practices such as child labour, underpaid employees, non-responsibly sourced materials. 
When completing my project is it important, I ensure that all components used are sourced responsibly as well as do not have a large negative environmental impact to ensure that I am working ethically.

Feasibility study
Before beginning the project, a feasibility study was first completed to ensure that the project would be successful. Feasibility studies are used to determine the probability of a project being successful based on an analysis of the critical components of a project.  This looked at a variety of aspects of the scenario, including, whether the project would solve the initial problem, whether the project manager had sufficient technical knowledge to complete the task as well as looking at time and monetary constraints. After analysing these aspects, it was identified that the project had a 91% chance of success, as can be seen in the feasibility table. (Appendix 1) 


Gantt chart
 Extensive planning was completed before the commencement of the project, this firstly included a Gantt Chart (Appendix 2), which was completed to plan out each task as well as track the progress of the project. 
Fig.1
A Gantt chart is a project planning tool that is used to plan and keep track of the project tasks to be completed. This allows the project manager to keep track of their tasks on a visual scale, ensuring all tasks are completed on time, and in line with the project plan. 
An advantage of using Gantt charts is that as well as being a visual tool, each task is assigned a date, therefore it is easy to identify when each task needs to be completed as well as identify when tasks are falling behind or are overdue for completion. As well as allowing you to plan out each step of the project, a Gantt chart allows you to keep track of when each task needs to be completed as well as expected end dates for future tasks, to allow the project manager to plan and optimize the time spent on the project. A Gantt chart allows you to break a large project into smaller pieces, allowing the project manager to better allocate time and resources for each task, as well as plan contingencies for each task to prevent delays. 

FMEA
Prior to the commencement of the engineering project an FMEA or failure mode and effects analysis was completed to identify possible issues throughout the PVD demonstration. This identified several aspects which could potentially become an issue throughout the project. this also assigned a severity rating and occurrence rating to each potential issue so each could be prioritised. Any issues identified during the FMEA were assigned a recommended action to prevent them from occurring. 


Plan of action 
A plan of action is a project management tool used to lay out each task of a project that needs to be completed. It allows the project manager to break the project up into small tasks, each with a deadline and timeframe to better allocate time and resources, as well as ensure ample time is allowed for each task to keep the project on schedule. A plan of action is also beneficial in organizing tasks to identify a clear path of critical tasks throughout the project. 
A plan of action (Appendix 3) was completed before the commencement of the project, this was done to visualize each step of the project, as well as plan deadlines and timeframes for each stage of the project as well as the entire project as a whole. This also allowed for resources to be allocated to each step of the project, be this materials, time, or engineer allocation.
Time Scale 
There were 5 months allocated to complete the initial research, planning, and implementation of the project.  This is shown within the Gantt chart (Appendix 1), This details all my deadlines from the start date in February 2024 to the deadline in May 2024.  My Pert Chart (Appendix 4) shows the stages of the project and the time allocated for each task. 
I managed my time throughout the project using a variety of methods including my Gantt chart, Pert charts, and my time document (Appendix 5) which details the time Each stage of the project will take and the overall hours to complete the tasks. This ensured that enough time was allocated to complete all tasks, preventing the project from going off schedule and ensuring It was on target for on-time completion.
The proposed time Is feasible and should allow for delays within the project without compromising the May 2024 deadline. Utilizing the various time management and planning tools should ensure that ample time is allowed for the various tasks required throughout the project as well as prevent the project from straying from the schedule as each task has been meticulously planned to prevent delays. 
Aims of reflective analysis
The reflective analysis of the project aims to gauge the successful completion of the PVD demonstration, based on various factors, such as whether tasks were completed on time, how issues were handled and mitigated during the project, and whether the budget was adhered to. 
Once the project is completed, the reflective analysis aims to identify areas of improvement throughout the project and to identify aspects to improve if a similar project were ever completed again.  
The reflective analysis aims to systematically analyse whether the project was successful, to better ensure this a feasibility study was completed before the commencement of the project to ensure it had a good chance of success. This identified whether the project would be achievable based upon several factors including, technical knowledge, material and resource availability as well as budget and timescales. 
The plan is to use project analysis which is the process of assessing the efficiency of the process or project manager to ensure they have sufficient skill to complete the project efficiently and if not, identify processes that can be used to make the project more efficient or what can be done differently next time to ensure the project is completed more efficiently by identifying resources or processes which will improve the process such as identifying automated processes to replace lengthy tasks.. (Indeed, 2023)
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The tool that would be used to complete the PVD demo is tool 3P0050. This is a 300mm Sigma® FxP PVD metal deposition tool. This specific tool uses; 2 Load Locks, an Atmospheric Robot, Deposition Chambers,  Roughing pumps, Hi-Vac and Cryopumps, ‘Mimic’ software, Single wafer processing technology and Improved handling for thin wafers  (SPTS, n.d.)

Sigma® FxP PVD metal deposition tool 
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An example of the PVD Sigma® FxP ‘Mimic’ software is shown here. 







‘Mimic’ Software Example


The tool has been fitted with a modified 296mm shadow shield and a 298mm shadow shield. 
[image: ][image: ]Fitted Shadow Shielding
Shadow Shielding Diagram 




Analytical tools 
[image: LOT-QuantumDesign]
TOHO FLX Thin Film Stress Measurement tool 

TOHO FLX Features
·  Available temperatures range from -65 °C up to 500 °C.
· Patented dual wavelength technology for optimal signal readout.
· Calculation of coefficient of thermal expansion and biaxial modulus
· 3D mapping of sample deflection/stress distribution      TOHO FLX Analytical tool

(TOHO Technology, 2024)
The TOHO FLX is used to premeasure the stress of Si wafers, then used to measure the wafers post deposition process. By comparing these 2 measurements it allows the tool to create a ‘stress map’ to show how the stress is distributed across the surface of the metal film. These maps show a pictorial representation of the film stress as well as giving the figures for the minimum stress, maximum stress, and the average stress. From this, the stress range can be calculated as well as showing if the film stress is compressive or tensile. (TOHO Technology, n.d.)
[image: ][image: ]A laser beam is shone onto a mirror surface this is shone onto the surface of the wafer and deflected onto a detector. The angle in which the laser beam reflects off of the surface of the wafer is Theta(Ɵ), this is used to calculate the film stress.

The film stress is calculated using the equations. 

                                                                          

(Quantum Design)
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CDE ResMap

The CDE ResMap Model 273 – for up to 12” Wafers, is used to measure the electrical resistance of Silicon thermal oxide (TOX) wafer films. This is done using a 4-point probe which measures the Rs directly and with a 0.5% accuracy. (CDE, n.d.)

The varying resistance across the wafer film can then be used to calculate the thickness of the film on top of the wafers surface. This is beneficial as film thickness cannot be measured optically as the film is not transparent to light. (Creative design engineering, 2002)    ResMap 273 Analytical tool 


If we assume the resistivity of the film will not be consistent throughout the entire surface of the film, the film thickness can be calculated using the equation.



Where   = Bulk sensitivity

Where  = Armstrong 
The ResMap will also produce a map, showing each point value as well as a contour map showing the distribution of thickness across the surface of the wafer. From these values, you can determine if the wafer is centralized when it is being processed as well as see if the magnetron speed will need to be changed. For example; if there are high points towards the centre of the wafer if the magnetron speed is increased, these high spots will be pushed out towards the edge of the wafer.
(Creative design engineering, 2002)[image: ][image: ]                                                                        ResMap Examples 

SEM microscope 

[image: Scanning Electron Microscope (SEM) Facility | The University of Edinburgh]SEM or Scanning Electron Microscope is a tool used to look at the surface topography of a wafer. This is used to look for any pitting or tunnelling on the surface as well as surface texture. It is also possible to get an accurate thickness of the metal film by taking a side on view of a wafer sample.
                            SEM Microscope

(Nanoscience, n.d.)


When operating the SEM, a small piece of wafer is 
cleaved and then is placed onto a stage. This is then inserted into the machine, and it is pumped down to a vacuum before it is transferred into the chamber with the microscope. By working at a vacuum, it prevents contamination of the wafer surface. 

The microscope can then be used to zoom in and focus on tiny features on the surface of the wafer, an example of this can be seen here.
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Material research was completed prior to the commencement of the project, this can be found in Appendix 6. This identified the types of wafers which will be used throughout the PVD demonstration as well as the associated cost of each one. This information was used within the budget to ensure that all costs associated with the project were included. 
[bookmark: _Toc167294839]Implementation 
The implementation of the project was the process of depositing metal film on wafers in the Sigma FxP tool and after deposition, using analytical tools to test them. Once results for stress and thickness are found, the recipe can be adjusted until the desired characteristics are observed. This process will be completed many times until each process has achieved the correct specifications. This will be repeated for the Titanium film, Nickel Vanadium film, silver film, and stack processes. The implementation section also required several tables and graphs to be produced to represent data. 
An overview of the implementation of the project can be seen in Appendix 7. 

[bookmark: _Toc108517155][bookmark: _Toc167294840]Testing 
The wafers were all tested using the Toho Flexus film stress tool as well as the ResMap film thickness tool. As well as this SEM images were taken of various wafers to check the texture of the surface of the film. These tests were all completed various times throughout the project to track the progress of the process. Final product testing showed all films to be within customer specifications, including the stack process. As well as this SEM images showed that there was a consistent edge exclusion seen around the outer circumference of the wafer. Therefore, we were successful in preventing edge deposition. SEM images showed that this successfully prevented the peeling of the film after the back-side deposition process. 
[bookmark: _Toc108517156][bookmark: _Toc167294841]Conclusion
Ultimately, I would consider the project a success, this is due to the fact that I managed to complete all aspects of the project, including the research, planning, and implementation sections on schedule and all to a high quality. This can be seen in the Gantt chart; it shows that all deadlines throughout the project were completed on or ahead of schedule, showing that the project management throughout was successful in keeping the project on track. As well as this the implementation of the project was a complete success and met all the needs of the customer as set out at the beginning of my project. 
The project management throughout the project was effective and all tasks were completed as set out by the project manager and all deadlines were met. By completing several different planning tasks such as PERT charts, a Gantt chart, and also a Plan of action It was ensured that ample time was allowed to complete all tasks to a high standard. As well as this, it was possible to visualize all aspects of the project, so it was possible to easily prioritize tasks to ensure all critical aspects were completed on time. This was possible due to the good timekeeping skills and effective project management throughout the project. 
The final results were all within customer specifications and they were satisfied with the results and the quality of the work, Therefore, the implementation of the project can be considered a success, as the customer's opinion was most important for this section of the project. All of the testing throughout also went well and was categorically important to the success of the PVD Demonstration. 
At the beginning of the project, there was no strict budget set, the only costs considered were the project manager's hourly wage and the cost of wafers that would be required to implement the project. This was estimated to be £7800; this is to complete all the research planning and the implementation of the project. This section could be considered a success as the hours spent on the project would easily come within the budget that was set at the beginning of the project. This was possible as I worked efficiently and did not waste time while working on my project and ensured it was all completed within a reasonable time frame. 
I believe I was proactive during the project, ensuring that all work was completed early to ensure it was of a high quality, which would meet the expectations of the company as well as the customer. Therefore, I would consider the project management throughout the project a success. Several project management tools were utilized to not only plan the project but also throughout to ensure it was on track. This included a Pert chart, to plan the order in which tasks needed to be completed and a critical path of tasks which were required for the project to be completed. As well as a Gantt chart, which allowed for the entire project to be visualized, allowing for deadlines to be estimated. This was also updated throughout the project, to keep the project plan up to date, based on current completion times. 
Communication was not an issue throughout the project as only one person worked on the PVD demonstration, therefore there was no delays in the project due to poor communication. This however could be a consideration in future project which would require multiple engineers working simultaneously.
A benefit of this project is that there were several feedback channels to determine how the project was progressing and at the end, whether it was successful. I received feedback from both, my manager as well as from the customer directly, therefore, allowing me to determine how successful the project was overall. I received positive feedback from the customer, as all films were within specification and work was completed on time. As there was a specific film specification for each film, it was easy to receive feedback on each aspect of the project. Once data was sent to SPTS as well as the customer, the project was signed off based upon the film results presented. 
If I were to complete the project again, ultimately there would be little I would change about how I implemented the project as I think that overall, it went very well. The project went very smoothly, and I experienced no issues throughout, therefore, I would consider it a success.
However, some changes could be made to the management of the project in order to improve the efficiency of the project planning. As well as this, I would implement contingencies into future projects for possible issues that may occur. 


[bookmark: _Toc108517157][bookmark: _Toc167294842]Recommendations 
When completing my project, I found it difficult to find information for my initial research as it is a very specialized area, this would not have been a problem if I had chosen a more mainstream project such as creating a product that would have easier research availability. However, this issue could also be resolved by improving my background knowledge, speaking to more experienced process engineers, or by having them collaborate on future projects. Due to the fact that this was the first full demonstration I solely completed It is reasonable to say that I lacked some prior knowledge and experience which could have been beneficial throughout the project. An advantage of this is that I was able to develop several new skills such as presenting quantitive data and use of several different metrology tools. However, at the same time this caused delays in the project due to my inexperience. Going forward, in future projects, this should become less of an issue as I develop more skills and experience both personally and professionally. 
There were no serious causes for concern when completing the research and planning sections of my project as they were all completed on time however, because of my chosen project I found it more difficult to complete certain tasks such as the materials research and the standards research as there was very little information to research as the only material required for the project was Silicon and TOX wafers, leaving little room research as it was a very specialised topic.  
The implementation of my project was overall a success as it met the requirements of the company as well as the customer. However, If I were to complete the project again, I would leave more time for me to complete the implementation section. After calculating the time required to implement the project it was set at 4 weeks, and there was little room left for error, therefore in the future, it would be important to allow a certain amount of leeway in this timing in case any unexpected issues were to arise throughout the project. To prevent delays in the project it would also be useful to implement contingencies into the project. 
Several issues could have arisen throughout the project, including the single project manager becoming ill or unavailable. If this were the case, no other engineer was available to complete the work. Therefore, in future projects, a contingency would be to inform other capable engineers of the project and what work is being done so, if need be, they can take over the project to prevent it from being delayed. 
Another contingency that could be implemented going for is extra time in the event of delays in the project, such as late deliveries, broken metrology tools, or issues during processing. All of these aspects could lead to the project being completed late if no time allowances were given, therefore, in future projects extra time should be allowed to account for possible time delays. 
Another contingency to prevent delays in project completion is ordering wafers in advance, this can be done by informing stores of the upcoming important project, they can then be held until the project needs to begin. It would also be beneficial to inform other engineers and stores of the upcoming project to ensure that all tools and machinery that are required for the project will be available during the required timeframe.
Several other issues and possible contingencies were identified in the failure mode and effects analysis completed prior to the commencement of the project. It would be beneficial in future projects for these contingencies to continue to be implemented. Including, ensuring constant contact with the customer to prevent delays in receiving customer information, double checking all recipes prior to running the tool to prevent mistakes leading to material loss and completing handling checks prior to running customer wafers to prevent potential issues such as mishandling and loss of wafers in the chamber. These contingencies and potential issues can be found in the FMEA (Appendix 8).
 By ensuring constant contact with the customer this should prevent delays in data exchange leading to a delay in project completion due to lack of communication. When there is a lack of communication between the customer and the company this can lead to delays in specifications or customer wafers being sent out. It is imperative that the company keeps in constant contact to ensure speedy communication throughout the project. 
Another aspect that should be considered in the completion of future projects is the limited experience and knowledge of the project manager, as this will directly affect all tasks throughout a project. Including, incorrect timing to complete tasks due to inexperience as well as delays in task completion due to having to develop new skills during the project. 
Going forward in future project, the project manager will be more experienced due to the completion of this project, however, lack of experience could possibly be an issue continually going forward until I have sufficient experience in the field. In order to improve this issue, it would be beneficial to do background research in the area of expertise in order to improve foundation knowledge in process engineering. As well as this it would be beneficial to work with experienced engineers from KLA who can provide expanse knowledge in the area, to help with future projects to ensure they are completed successfully. As well as this they will be able to expand my knowledge in the area by helping to complete more complex projects. 


[bookmark: _Toc167294843]Reflection 
I believe that by completing the project it has helped to develop a wide range of personal skills, as well as help me understand what is involved in a professional engineering project. By completing the project and presenting my ideas, it has allowed me to become more confident in my work. As well as this, I believe completing the project has allowed me to improve my personal performance as I was able to complete primary research, evaluate the results, and act upon them. I have learned several new skills during the project which will help me going forward with my career as an engineer. As well as improving my skills, I have developed knowledge in a variety of topics, including types of data, types of research, and how to present data. By completing the project, it has helped to improve my professional confidence, making me feel more able to complete projects within my work environment. I am now more familiar with the process and would therefore feel more comfortable completing a similar project in work, as well as the fact I feel I would work more efficiently now I am aware of the process.
As I now have experience completing a project, I feel I would waste less time when completing the task again as I would be less likely to take unnecessary steps. As well as this I feel like I would manage my time more effectively, allowing me to provide work with accurate and realistic time scales for the work to be completed. I currently work in applications, which see me completing individual tool demonstrations for customers. These are essentially mini projects, therefore, the skills and experience gained during the project will be directly beneficial to me professionally. 
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Implementation - Initial Observations
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Ag - Modified 296mm SS Edge Deposition Profile

Edge Deposition Profile vs Plasdielding Gap
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Adhesion Check Ti & Ti/NiV Stack

= Films deposited onto wafers for adhesion test:
= Adhesion 100% pass

Ti / NiV Stack on SPTS Si Ti on SOG wafer Ti / NiV on SOG wafer

T

SPIS
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Edge Pull Test- Ti Only

= With very well adhered tape, we were able to observe small amounts of debris stuck to the tape upon
removal

= This was very hard to spot with the naked eye and does not strike SPTS as abnormal or unexpected

. SPTS)
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Implementation

= Full Stack process was run on customer wafers, therefore process results cannot be
shown due to confidentiality.
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