Page | 2

Introducing the largest product to the manufacturing shop floor
Lowri Williams 2014479

[image: Image result for KLA]

Independent Project ACMA6013
Lecturer, Andrew Thorn

[image: ]



Declaration of Authenticity
‘This thesis is the result of the author’s original research. It has been composed by Lowri Williams on 19th May 2023 and has not been previously submitted for examination which has led to the award of a degree.’ 
Lowri Williams 19th May 2023






















Acknowledgements
I would like to give thanks to my supervisor Arnaud Marotin for the support and guidance throughout the project. Many thanks to my colleague Jake Bett at KLA without whom I would have not been able to complete the research on this project. I would also like to express my gratitude to the Transportation Platform team at KLA for the support and allowing me to work alongside them to complete this project. 





















Contents
1.0 Abstract	6
2.0 List of acronyms	7
3.0 Introduction	8
4.0 Aims and objectives of the project	10
4.1	Jetstream overview	11
4.2 Manufacturing methods	11
4.2.1 Six sigma	11
4.2.2 Lean processes	12
5.0 Timing Plan	13
5.1 Project Planning	13
6.0 Research/Literature Survey	14
6.1 What are Semi-Conductors	14
6.2 How to process a semi-conductor	15
6.3 Where does KLA/SPTS fit into the process	17
6.4 How does NPI fit into the project	20
7.0 Work carried out	21
7.1 What is the Product Life Cycle (PLC) processes	21
7.2	What NPI team have done so far	26
7.3 NPI Major Deliverables	27
7.3.1 Process Flow	27
7.3.2	FMEA	28
7.3.3 Control Plan	30
7.3.4	Cycle time analysis	31
7.3.5	Characterisation and testing	34
8.0	Results	37
8.1 Were the aims achieved?	37
8.2	Manufacturing results	37
8.3 Phase Gate 3B	38
9.0	Conclusion	40
9.1 Review of the aims set	40
9.2	Reflection	42
10.0 Recommended further work	43
10.1 Completing the PLC process to gate 7	43
10.2	Bigger cluster tools	43
10.3	Outsourcing to stages	43
11.0 References	45
12.0 Appendix	51
12.1 Process Flow	51
12.2 FMEA	55























[bookmark: _Toc135325854]1.0 Abstract 
The SPTS technologies division of KLA have designed the largest new semiconductor transport product ever manufactured. This machine needs to be able to be built and tested in the facilities the company currently have. There are obstacles to be overcome and this requires the help from the NPI team using specific manufacturing tools to eliminate the risks and ensure a smooth production process. Throughout this report, the team will tackle all the risks associated and work along with the design team to ensure the result of building and testing the largest product is a success within manufacturing. Introducing this tool allows the company to expand to new markets and cost saving for customers in the long run as the tool can process more semiconductor wafer than ever before. It’s vital all issues are eliminated going through the product life cycle process to ensure hurdles are eliminated.


















[bookmark: _Toc135325855]2.0 List of acronyms 
· Alpha – First ever build 
· Beta – Second build
· BOM – Bill of Materials 
· CVD – Chemical Vapour Deposition 
· CFT – Cross Functional Team 
· DFMEA – Design Failure Mode Effect Analysis 
· FMEA – Failure Mode Effect Analysis 
· GTM – Generic Transport Module 
· HR – Human Resources 
· Jetstream – The largest tool/machine in question
· MEMS – Micro Electrical Mechanical Systems 
· MRM – Manufacturing Readiness Matrix 
· MOC - Management of Change 
· NPI – New Product Introduction
· PECVD - Plasma-enhanced chemical vapor deposition
· PFD – Process Flow Diagram 
· PLC – Product Life Cycle 
· PVD – Physical Vapour Deposition 
· R&D – Research and Development 
· Si – Silicon 
· SPTS – Semi-Process Technology Systems 
· VP – Vice President 









[bookmark: _Toc135325856]3.0 Introduction 
The SPTS Technologies division of KLA, designs markets and manufacturers wafer processing solutions for the global semi-conductor industries. SPTS delivers industry leading etch and deposition process technologies on a variety of single wafer handling platforms. End-market applications in the company contain micro-electromechanical systems (MEMS), advanced packaging, LED, high speed RF device IC’s and power semiconductors. SPTS is a section of the KLA Corporation which engineers industry-leading equipment and services that allow innovation in the electronics industry. SPTS deliver high end process control and process-enabling solutions for manufacturing wafers and reticles, integrated circuits, packaging, printed circuit boards and flat panel displays. In close partnership with leading customers across the globe, our skilled teams of physicists, engineers, data scientists and problem-solvers design solutions that advance the technology across the globe. 
SPTS delivers wafer processing solutions which include market-leading silicon ETCH, dielectric ETCH, dry-release ETCH, PVD, PECVD and molecular vapor deposition (MVD®), which are all obtainable with a range of wafer-handling options applicable to R&D, pilot production, or volume production surroundings said SPTS Technologies, 2023. Stated below in figure 1, the equipment that is manufactured by SPTS is used for making the below.
[image: ]
Figure 1, What SPTS equipment is used for making (C, Short., 2022)

Throughout this report, the New Product Introduction (NPI) team have got the responsibility of managing the introduction to the largest product in the manufacturing environment. This team manages the new products and designs of the company to ensure they’re fit for serial production to achieve customer satisfaction. This will be elaborated in more depth in section 5.0.






















[bookmark: _Toc135325857]4.0 Aims and objectives of the project 
Throughout the project, there were aims and objectives that needed to be met to enable the project to have a clear path for the team members which were involved throughout the process. The objectives that were set throughout are clearly stated below.
· Safe Implementation for the Alpha build in the manufacturing environment. 
- Correct lifting equipment for the necessary lifting operations. 
- Safe processes while operating.
- Material delivery is sufficient and arriving with material management.
- Size implications on the alpha build introduces new issues like transporting through the building lifting heavy equipment.
- Sufficient training to all operators working on the machine.
- Management of changes on all equipment. 

· Setting productivity targets of the build in manufacturing which is a key deliverable for the NPI team.
- The productivity is to allow the customers to achieve more products produced in shorter time scales.  
- Enabling the manufacture of the tool.
- Sufficient Bill of Materials (BOM).
- Operational sequences from a bottom-up approach. 
-Verification and validation which is a list of requirements for the machine to validate by running these through builds and tests. 
- Throughout the whole project, working and developing relationships with suppliers.
- Following through the Product Life Cycle (PLC) processes to successfully complete gate phase 3B which is the manufacturing stage of the products life cycle process (Ref KLA PLC chart Fig 3a).
- Quality of the build in manufacturing to a DMAIC approach.
- Allowing the product to be repeatable and reliable once the new product has been   introduced with sufficient knowledge and training for manufacturing. 
- Achieving customer satisfaction. 

· Achieving the characterisation criteria
       - Ensuring that the machine meets the set vacuum pressure criteria. This is due to the machine having to be set at high vacuum pressures to perform the duties. 
· - Creating the specification criteria set by the test engineers. 
· - Creating a baseline for what will be set for the testing of all machines going forward which is creating a standard going forward. 

4.1 [bookmark: _Toc135325858] Jetstream overview 
The Jetstream is the largest transportation tool that’s currently in the market being designed in the Semi-Conductor industry. This tool can allow a 30% increase in production of a semiconductor wafer chip from the previous model to allow more throughput when the machine is at a customer site. 
This tool is a specific handler for “Deposition” modules. Deposition modules are a brand of tool that will help create a semiconductor wafer chip. This machine will aid transporting the Semi-Conductor wafer from each module station to enable the deposition module to run the processes. Benefits of this project are being able to achieve a greater throughput of wafer chips in the manufacturing environment by having a larger tool with the capacity of producing a higher volume of products. The New Product Introduction team process in KLA is a new method, but now that there’s visually a new product that will be exposed to market soon, it will come with its own challenges and is something that needs to be developed with numerous risks associated. 
The relevance for KLA is to allow them to expand to new markets to beat competition. By developing new products, it allows the company to sell new product to new and existing customers and expanding relationships with current customers and to gain a competitive advantage and corner the target area of the market.  Additionally, introducing a new product has the advantage of defending against rival companies' competition. By doing so, this will help the business keep one step ahead of the competition. The internal teams that the business has within the employees will support this from conception through to production.

[bookmark: _Toc135325859]4.2 Manufacturing methods 
[bookmark: _Toc135325860]4.2.1 Six sigma
The Six Sigma manufacturing method is a set of techniques which can improve the companies process by reducing the probability that any errors or defects will occur. “The primary objective of Six Sigma is to reduce variations, in products and processes, to achieve quality levels of less than 3.4 defects per million opportunities (DPMO)” (A, Coskun,. 2012). Although methodology is applied, due to the volume, it’s difficult to apply the theory exactly as we don’t have enough data points. This process makes use of a statistical data analysis to analyse and reduce the occurrence of errors in the system. To decrease manufacturing faults, this study looks at minimising the cycle time, or the amount of time spent working on or producing a product. The NPI team works with this throughout the development of every new product that enters the market. The DMAIC approach is also used within Six Sigma. This stands for “Define-Measure-Analyse-Improve-Control and these phases lead a team logically from defining a problem through implementing solutions liked to underlying causes and establishing best practices to make sure the solutions stay in place” (George et al., 2011). 
[bookmark: _Toc135325861]4.2.2 Lean processes
Lean manufacturing consists of a production process which is based on an idea of maximising the productivity while at the same time minimising waste within a manufacturing process. This process looks at reducing the time within the process as well as the time that suppliers respond to the customers. Lean processes provide “a way to specify value, line up value-creating actions in the best sequence, and then conduct these activities without interruption whenever someone requests the, more effectively” (Womack and Jones, 2003). 
There are wastes which are targeted when working towards a lean production process. These include the basic characteristics such as shown below in figure 2,
[image: ]
Figure 2, Showing the wastes in the lean process (K, Rajesh., 2012)
It is said, “one of the ideals of lean manufacturing paradigm is visual communication” (Devadasan, 2012). This links into introducing the largest product to the manufacturing shop as the product needs to have high product quality and high efficiency so that it can be outsourced to sub-assemblies or bought in at the highest assembly level possible. By doing this, resources that would have been wasted earlier will be made available for innovation and quality control. This would decrease waste in the manufacturing process and enable the business to produce more goods with the same number of resources and time. Physical changes of lean in the manufacturing environment should “be done before turning attention to implementing the management systems” as this would allow (Mann, 2017).
[bookmark: _Toc135325862]5.0 Timing Plan 
[bookmark: _Toc135325863]5.1 Project Planning 
[image: ]The Gantt chart that has been developed over the course of the project is displayed below. This has specified the deadlines by which the tasks must be completed within the allotted time.
Figure 3, Gantt chart to show the development throughout the project from the NPI team.
The Gantt chart in figure 3 has been generated based on the deliverables and milestones of the project outlined in the product life cycle (PLC) process details in Section 7.1. The above actions are all tasks associated within the NPI team that needed to be completed to enable a successful introduction of the machine into manufacturing. This project primarily focus’ on the Phase 3B section of PLC hence the exploded view of this section. Phase 3B was initiated on 13th December 2021 and will continue until 1st June 2023. This is a major section of the PLC answering the key question “Does it work?”.





[bookmark: _Toc135325864]6.0 Research/Literature Survey
[bookmark: _Toc135325865]6.1 What are Semi-Conductors
Semi-conductors are a critical component of electronic device which enables the advances of communications, clean energy, transportation, military systems, healthcare, computing, and many others. Semi-Conductors, as shown in figure 4, are a substance which has specific electrical properties that allow it to serve as a basis for computers and other electronic devices. As said by Peter Van Zant, 2014,” The unique functions of semiconductor devices and circuits are the result of the electrical and physical properties of semiconducting materials”. The materials which are used in the semiconductor wafer have a high conductivity between the conductors, which are usually metals, and then the non-conductors or insulators which include most ceramics. It’s said, “most of the semiconductors used in science and modern technology are single crystals, with a very high degree of perfection and purity” (YU, P., Cardona, M. 2007). The best-known semiconductor is of course the element Silicon (Si). Together with germanium (Ge), it’s the prototype of a large mass of semiconductors with similar crystalline structures. Due to a semiconductor fabricating an electronic device, they play an important part in people’s lives. Without Semi-Conductors, there would be no TV, computers, video games, radios, cars, or medical equipment. This is due to the fundamental design which drives the working technology of these applications on the electronic circuit boards. 
[image: How Are Silicon Wafers Made?]
Figure 4, a processes semiconductor wafer. (Wafer World, 2019)
Below, figure 5 will elaborate on the size wafers used to process. Previously KLA founded processing on just using 100mm diameter silicon wafers, but within technology moving rapidly forward it’s been trailed and tested with bigger diameter wafers with a higher yield. 
	Wafer Size inch/mm
	area mm/sq
	ratio up
	ratio down
	Area sq/cm
	spec <0.2/sq cm >0.3um

	3"
	75
	4417.86467
	1
	0.56
	44.1786467
	8.835729339

	4"
	100
	7853.981635
	1.78
	0.44
	78.53981635
	15.70796327

	6"
	150
	17671.45868
	2.25
	0.56
	176.7145868
	35.34291736

	8"
	200
	31415.92654
	1.78
	0.44
	314.1592654
	62.83185308

	12"
	300
	70685.83472
	2.25
	1.00
	706.8583472
	141.3716694


[bookmark: _Hlk129851792]Figure 5, table to show the wafer sizes KLA handle. These go from 3” to 12” depending on process and customer specifications. (M, Day., 2023)
Looking at the surface areas, 4” to 8” is three times the size of the area. The semiconductor wafer has surface areas which are shown above, gain is non-linear. The double the size of the wafer, the double the area (3.142^2 Area of a circle). The cost is dominated by process steps in which the machines produce the semiconductor wafer chips. When there is more surface area on the semiconductor, this enables greater processing opportunities due to the increased surface area therefore better the results for processing on the top of the wafer. Now, the more throughput that can pass through the tool, the better the productivity time. Therefore, the corporation are investing on creating the largest transportation tool to allow for greater throughput through the whole process this will allow for a higher production in reduced time ratio. 
[bookmark: _Toc135325866]6.2 How to process a semi-conductor
The process of creating a semi-conductor starts with a silicon wafer. Wafers are sliced from a cylinder bar of pure silicon known as an ingot and then it gets polished for smoothness. Silicon makes up around 80% of KLA’s processed wafers. The reason it’s used is because silicon is one of the most abundant materials on planet. It’s very semi conductive and it has a certain “band gap”. The band gap on a semiconductor is “the minimum energy required to excite an electron that is stuck in bound state into a free state where it can participate in conduction” (Bowden, 2013). The element is very thermally stable, it can get the same characteristics when it’s heated up. The silicon wafer forms Silicon oxide easily and it’s the dielectric (insulator) needed to build transistors. Silicon is easily doped, it has a crystalline structure and forms an own native oxide. Doping is the ability “to increase its ability to conduct electricity” within the semiconductor wafer (AK Lecturers, 2022). Silicon “it has the conductive properties of metal as well as being an insulator, so silicon can conduct and block electricity. This ability makes silicon ideal as a switching mechanism” (Morrison, 2022). 
Moreover, going into the process of a semiconductor, the films of semi conducting materials are deposited onto the wafer to allow the first layer to be printed on. This is known as the deposition process. As the structures on the microchip decrease in size, the process of ‘patterning’ the wafer becomes a lot more difficult. “Process called deposition, etching, and lithography enable the shrinkage of the pursuit of Moore’s Law” (Timings, 2021). Moore’s law states that “the number of transistors in a dense integrated circuit (IC) doubles about every two years” (Gianfagna, 2021). After patterning, the wafer is covered with light sensitive coatings called a photoresist (resist). These hold positive and negative charges. The difference in these is the chemical structure of the material and how it reacts with light. The positive is exposed to ultraviolet changes in light and made a lot more soluble which allows it to be prepared for etching and deposition on the wafer chip. For negative, this is where areas that are hit by light become polymerize which allows them to become stronger and dissolving becomes difficult. 
For the processing of a semiconductor, a positive resist is used more frequently, and this is because it has a higher resolution which makes it a better choice for the next stages of the processing which is lithography. Lithography looks at how small the transistors on the wafer chip are. This is a “highly complex circuit patterns drawn on a photomask made of a large glass plate are reduced using ultra-high-performance lenses and exposed onto a silicon substrate known as a wafer” (Nikon, 2023). The chip gets put into a lithography machine where it is then exposed to ultraviolet (Ritter,1801). Ultraviolet is used because it can produce very fine details of patterning of different materials on the wafer chip, some material deposited can be thousands of times smaller than a grain of sand. This is to enable the precise engineering of the films produced. The UV light is projected onto the wafer through a reticle which is used to hold a blueprint of the pattern which is going to be printed onto the chip. The optics in the system is used to focus and shrink the decided pattern onto the layer of resist. “When the light comes into contact with the resist, it then makes a chemical change that allows the pattern from the reticle to be replicated onto the resist layer” (Timings, 2021). Throughout this process, interference from particles or other physical and chemical defects can take place throughout the process. So, therefore the pattern needs to be optimised by distorting the blueprint so it is left with the pattern which is needed. Furthermore, into patterning, it’s investigating into removing the degraded resist to reveal the underneath pattern. The etching process is where the wafer is baked to allow the wafer to achieve the optimum temperature for etching (depending on the process) and then some of the resist is washed away to show the 3D pattern of the open channels which most call ‘cities. Following on, the “The pattern is defined by a mask that is resistant to the etching process. Once the mask is in place, etching of the material that is not protected by the mask can occur, by either wet chemical or by "dry" physical methods” (MKS, 2023). The wet method of etching is used by putting the wafer into chemical baths to wash it. 
Wafer chips are made from many layers. Therefore, it’s extremely important that when it’s going through the etching process that it is very controlled so that none of the layers that are underlying from the previous processes are damaged. When etching, the cavities which are created need to be the correct depth as if it’s not, it can cause disruption and in turn a rejection
Furthermore, once the pattens have been created in the wafer chip by etching, it can become overly conjected with negative and positive ions to modify the electrical conducting properties in parts of the pattern on the wafer chip. Throughout this process, the electrical properties from silicon are directly in between the patterns. Then, electrically charged ions are directed into the silicon crystal which allows the flow of electric current which is controlled by the transistors. These are the electrical switches that are the basis of the microchips that are to be created within the ion implanting. Once the ions are planted into the layers, the remaining protective resist areas shouldn’t be removed. 
The process of creating a semi-conductor wafer chip consists of numerous steps and can take long periods from perfecting design in research and development, to the production in mass. Now the process of creating the patters and etching is complete, it’s now on to getting the chips out of the wafer. It goes through a process where it is typically diced with diamond saws into the individual final chips. From a 300mm wafer which is the average size of most used in manufacturing, these dies come in all sizes. Some of the semi-conductor wafers can contain thousands of chips, whereas others which maybe 100mm wafers can contain just a few. 
Once the wafer has gone through inspections, it is then ready for the application. These can include applications such as “enabling advances in communications, computing, healthcare, military systems, transportation, clean energy, and countless other applications” (dcadmin, 2018). Furthermore, semiconductor manufacture includes lots more than just these steps. The chips also must get inspected and measured, electroplated, and tested. Each chip goes through hundreds of these procedures before it becomes a part of a device. Moreover, this research backs up introducing the largest tool to the manufacturing shop floor, as the transportation tool which is being manufactured enables the transport of the wafers into each process module where it undergoes etching, packing and deposition.
[bookmark: _Toc135325867]6.3 Where does KLA/SPTS fit into the process
KLA, SPTS equipment is used to generate “the semiconductors, micro-electromechanical systems (MEMS) and other microelectronic devices used in many of the consumer electronic products, domestic appliances and automobiles that touch and improve our daily lives” (SPTS, Technologies, 2018). With a range of wafer handling transportation platform systems available for customers to purchase, SPTS supply semiconductor wafer processing systems for high end mass production, Research and Development (R&D) and pilot production environments. The served markets that are closely worked with are high speed radio frequencies, power semiconductors, MEMS (micro-electrical mechanical systems) and advanced packaging. 
KLA mass produces smaller tools and have a proven track record in doing so, but the new venture is being able to do this with one of the largest tools that the company have had to Design, Develop, and build which will come with difficulties throughout the process that need to be overcome. Competitive advantages of KLA machines are the robustness of the vacuum rates, especially for PVD. KLA Newport are successful in the market as the vacuum on the tools is very good with low leak up rates. Leak up rates are the rate at which the vacuum pressure rises toward atmosphere once vacuum pumping is switched off. It’s important to prevent contamination to the wafer because if air leaks into the chamber, it could oxidise the wafers and scrap them.
Moreover, what will be discussed below is the products that KLA produce throughout the manufacturing shop floor. The process module machines that get manufactured on the shop floor of KLA’s manufacturing factory are stated below. 
An ETCH process module
An ETCH machine shapes a thin film into required patterns on the semi-conductor wafer chip. This is done by using liquid chemicals, ion chemical reactions or reaction gases. These patterns can be requested by customer and be processed to what types of materials are going to be deposited from the other processes throughout the cycle to become a manufactured chip. Plasma Etching involves running an RF-Excitation of a selected customer specific gas mixture to create a plasma with the correct reactive type to etch any un-masked areas on a wafers surface. These reactions form a volatile by-product which are removed by vacuum pumping (SPTS, Technologies, 2017). 
A Deposition (PVD/CVD) process module
The Process Vapour Deposition (PVD) process “involves carefully depositing thin metallic film coating onto a substrate in order to yield specific material properties” (Bedolla, 2022).  This process includes a range of molecular or atomic levels of a thin layer deposited onto the wafers surface which contain electrical properties. KLA Newport are experts in the gas plasma field ,other than deposition processes, that are currently in the semi-conductor market. PVD tools need to be super clean and leak tight due to high vacuum pressures in processing. This includes the correct process controls in place to ensure cleanliness of sealing surfaces and assemblies e.g., cleaning with the correct chemicals like IPA which removes all dirty residue off O-rings and sealing surfaces. Physical vapour deposition does not include any chemical reactions, although Chemical Vapour Deposition (CVD) does. CVD happens when “particles from the chemical reaction of gas are deposited in the form of vapor activated by an external energy source” (Samsung, 2015). KLA’s PVD and CVD tools are a very popular customer choice and are high demand for manufacture.
Transportation Tools
Transportation tools at KLA are an octagonal cluster system, capable of supporting up to six Process Modules. The vacuum transfer chamber body is manufactured from a single aluminium billet to minimise vacuum leaks and maximise structural integrity. A hinged lid on the chamber provides access to the robot arm and dual end-effectors. These robot arms with the end effectors allow the wafers to travel in between each process module in the system to perform the processes in each station as pictured below in figure 6. The Dual End-Effectors of the vacuum robot deliver high throughput by minimising robot movements from station to station, thereby reducing the wafer idle time upon process completion. (SPTS Publish Bulletins, 2023). An end effector is an accessory that fastens to a robot's wrist and enables the robot to interact with its task. It allows the robot to pick up and deposit wafers in and out of each machine to run the processes. With the drive in the semi-conductor industry, there is a need for more throughput of manufacturing a wafer in customer sites. There is a gap in the market which KLA will be attempting to fill and will enable KLA access to more market competition and more customer acknowledgement. 
[image: ] 
Figure 6, Pictures to illustrate the fitment of the robot in the largest handler and how it will be positioned ready for the production line (Williams, 2023).
The PVD tools are the processing machines that will be the process tool on the largest product that is working progress in KLA, this will enable the introduction of this larger transportation tool to aid wafer production by transporting a up to 50% increased throughput of wafers being processed. Moreover, there will be more PVD process throughput with this new transportation system to fulfil customer requirements.
Furthermore, the biggest transportation tool that KLA currently own and manufacture is a 6-module capacity GTM as discussed previously in this chapter. Now, there is going to be a 30%-50% increase with the Jetstream, the biggest tool KLA have ever manufactured. This is because it’s a gap in the market which KLA, SPTS are attacking. With the maximum wafer throughput of a 300m GTM, this large transportation tool will increase this throughput by 50%.
[bookmark: _Toc135325868]6.4 How does NPI fit into the project
To understand the New Product Introduction team fitting into introducing the largest product to the shop floor, the process needs to be understood on what the team do. Creating a new product means numerous components moving simultaneously. The team involved needs to ensure that communication is effective so that all the aspects of the design and manufacture goes according to plan. A systematic approach to analysing a new design is needed to ensure they’re fit for production. The goal in the NPI process is “to eliminate information silos and know exactly what each department or individual is doing to move the project forward” (Labs, 2020). The six steps of a NPI process are to define, feasibility develop, validate, implement, and then evaluate. Taking a product through all these processes eliminates many issues before a product is manufactured or released to a customer site. Some benefits of delivering an NPI product with the correct team can achieve “a better understanding of the market and target audience, improved product quality and durability, lower overall development cost, enhanced risk management plan, quick speed to market and improved manufacturability” (Cephas, 2017). 
The NPI are aiming to drive lean manufacturing standards with this product and to achieve fast time to market, competitive costs, high quality products, lean manufacturing, and a safe working implementation. As this product is the first that KLA have ever manufactured, it is imperative that the NPI team is involved to ensure with all the preparation work, it is able to  be a smooth and effective process.






[bookmark: _Toc135325869]7.0 Work carried out 
[bookmark: _Toc135325870]7.1 What is the Product Life Cycle (PLC) processes
The KLA PLC process provides the company with a systematic, predictable and an effective method to develop new products within the business and bring them to market. This process provides guidance on product management from idea through to the servicing. The elements or parts of the process can include the people, hardware, software, policies, facilities, and various other PLC deliverables used for the products documentation. Furthermore, these are all things that are required to produce indispensable products for the customers.
The PLC process provides the structure and guidance to manage a new product development risk and to establish the necessary relationships with colleagues, suppliers, customers, and other key stakeholders. This process is designed to ask the correct questions at the right times, and have the right people involved in the discussions and decisions to increase the probability of developing the product that wins and meets the customers’ requirements and needs. Figure 7 shows the whole PLC process from business investigation of launching a new product to the end of service at phase gate 7. 
Having a PLC process enables the company with a common language and a framework for a products development. The common language and framework allow the products development team to effectively communicate with each other, management, customers, corporate, sales channels, suppliers, manufacturing organisations, servicing teams and others. 
[image: ]
Figure 7, PLC Process KLA. (Ankiel, 2021)
Currently, the team at KLA are working at phase 3B which includes the manufacturing stage. Throughout this report, it will be examined how to get the machine through the manufacturing process successfully. The team have worked through the new programme launch, the product investigation and then the plan of record and product definition. Therefore, the machine is undergoing the manufacturing stage of the phase 3b process which entails manufacturing. Throughout this stage, it is emphasised that the system development along with the integration and testing is the most important step to pass. This stage is referred to the engineering test or prototype stage. It is in this stage of the PLC process that designs are completed, parts are ordered, tested, and assembled to build a complete system. At the end of this phase gate processes, the team must be able to answer the question of “Does this machine work and is it able to ship to the customer?”. This can be answered once all the issues have been resolved through the design and NPI teams. There are deliverables that will have to be reviewed, selected, and assigned, and this should be done not just in this phase but every phase the tool is going to be going through. The documentation which has been created is the primary way the machine or product is passed on from one group to another i.e., build and test documentation that will be created by the design and NPI teams to be passed onto manufacturing to enable mass production. 
A Manufacturing Readiness Matrix (MRM), as shown in figure 8, is a major deliverable of the PLC 3B process. This defines all the next steps for the FMEA and control plan within the work done to achieve the manufacturability. An MRM plays the purpose by assessing “the maturity of a manufacturing process throughout the conception, development, deployment and support progression phases” (TWI Global, 2023). Below is the MRM that’s been completed for the Jetstream project within the NPI team. This looks at all aspects of the project in different areas with actions and evidence of the work done. The colours indicate the importance of each subject matter e.g., green easy to red difficult. 
[image: ][image: ][image: ]
Figure 8, MRM to show the tasks associated with each department to give accuracy when the tool hits manufacturing.
To enable the production of a tool in manufacturing, a Bill of Material (BOM) needs to be created. The BOM is a list of parts and procedures that are needed to build the system and should be completed by the end of PLC gate 3B. A BOM is a detailed description of all the components, raw materials, and instructions needed to build, produce, or fix a given good or service. A BOM “usually appears in a hierarchical format, with the highest level displaying the finished product and the bottom level showing individual components and materials” (Grant, 2020). A BOM is a central source of information that is used to create a product in manufacturing. It is theoretically a list of items that is needed to create the machine along with the instructions on how to build it. Manufacturing builds this product by the BOM which includes all the assembly drawings to create the final finished product. Inside the BOM, there are several ‘option classes’ which are picked by the customer on the specific needs i.e., loom lengths and particular components that are needed to perform the specific function. To aid picking the BOM from the design department, the cycle time analysis helps this. This helps by controlling how much material can go into each stage of manufacturing. For example, what is built on day 1, day 2 and day 3 etc. BOMs will also include sub assembly components which are components of a larger assembly that are manufactured separately and assembled to form a final product. This will “allow for better control over the quality of components and assemblies and can help reduce waste and improve product reliability” (Deskera, 2023). By outsourcing sub-assemblies into the BOM with outside suppliers, it will achieve the build times to deliver on time and allowing the build to be more efficient. 
The BOMs are held in an engineering database called ‘Enovia’. This software supports the “Business Modelling & Planning, Quality and Compliance Management, and Product Configurations” (Durham, 2021). Moreover, the goal is to direct the product through every stage of the lifecycle. This kind of software is a product data management solution that enables businesses to organise and coordinate the administration of product data. Data is available in a variety of disciplines, throughout a company, and along the whole supply chain. It is important that “maintaining properly structured, accurate bills of material during this constantly changing business environment is an essential element to meet this competitive goal” (Garwood, 2004).
Supplier demand was an aspect that needed support with introducing new suppliers to the business. For example, the design and NPI team supported the chamber machining at Buttner, Hungary to inspect the first off machine parts they were going to receive. For the design team, this was inspecting all design details were actioned and it was going to be a manufacturable part before it enters the shop floor for production. For the NPI team, this sparked issues before it was arriving on the shop floor. Tasks such as logging jigs, fixtures and tooling that were required for build. All these issues were actions added onto the PFMEA, so all points address were issues and rectified. As it was considered and included in the PFMEA prior to manufacture, this was considered a success.

The Impacts of successfully passing Phase 3B is emphasised in figure 9:
1.	Accept Purchase Orders from customers for beta shipments with a beta agreement once happy with the alpha build.
2.	Make specification commitments to prototype customers.
3.	Recognize beta bookings per policy.
4.	Operations can buy materials into inventory for pilot production and spares.
5.	Move pre-released materials from engineering and suppliers into inventory with reserves.


Figure 9, PLC Process KLA. (Ankiel, 2021)

“During the introduction stage, there is often little-to-no competition for a product, as competitors may just be getting a first look at the new offering” (Kopp, 2023).
The NPI team plays an important role in the success of a PLC process and introduction stage. The team enables the right resource to come together at all the same time to create opportunities for innovation by using the correct resources more effectively. To get the fundamentals, the NPI team “need to work on a standard approach for launch excellence and successful implementation would depend on the required skills existing in cross functional team” (Forum, 2019).
7.2 [bookmark: _Toc135325871]What NPI team have done so far 
The New Product Introduction team deliverables have been defined by the KLA process in the previous section. The PLC process is a cross functional team, phase style project management process which is a 7-phase process. The objectives are having to pass each phase before working on the next. All the key teams have different deliverables for each phase like the design business units, NPI, Commodity, Purchasing and Manufacturing. Moreover, the NPI team has key deliverables in gate 3B that need to be covered for the team to pass the 3B gate process, the NPI team need to deliver crucial steps in the PLC process in figure 10.
[image: ]
Figure 10, Table to show the Phase 3B steps that the teams need to achieve to pass this stage. (SPTS, KLA,. 2021)
Although the aim of introducing the product to the manufacturing shop floor is critical in phase gate 3B, the gates 2 and 3A have been supported by the team. The impacts that NPI were involved in were the programs direction decision, assigning the PLC team, involved in engaging with strategic customers for market validation, the materials budget approved for both the machines material the jigs and fixtures that are required and having the opportunity to work with the strategic suppliers. Since the beginning of the new programme, design reviews have been held regularly, and all PLC team members have participated. The prototype Alpha build has been supported throughout allowing the team to evaluate the manufacturing processes which will support the deliverables that need to be met. 
[bookmark: _Toc135325872]7.3 NPI Major Deliverables 
While in the phase gate 3B stage of the products life cycle, the NPI department have major input to help assist the design and manufacturing teams. Additionally, the key requirements that must be addressed to successfully introduce the new product's design to the factory floor will be covered.
[bookmark: _Toc135325873]7.3.1 Process Flow
A process flow diagram is a high level and more specific way of looking into the process of a risk analysis task. “Process Flow Diagrams (PFDs) are a graphical way of describing a process, the constituent tasks, and their sequence. A PFD helps with the brainstorming and communication of the process design” (Bijan Elahi, 2018).  This process flow diagram forms the process areas that need to run the FMEA (Failure mode effect analysis) on. This tool gives the user a top-down view of building and testing in manufacturing, so it is known when help and support is needed actioning from the NPI team. The advantages of a process flow diagram are that it is “Easy to make, Communication becomes effective and easy to understand, mistakes can be easily identified, Analysis becomes effective, Synthesis becomes effectual, Debugging becomes possible, and Logics can be easily interpreted” (Prasanna, 2022). 
Below, figure 11 shows a standard process flow that KLA flow for NPI products. This process flow shows the build sequence that the engineers must follow from start of operation to the end of operations, it illustrates the operational sequence in operation 1000 to 2000. These numbers indicate the allocation of material according to what can be built in a manufacturing shift is directed by operation sequence. this is assigned as such: OP sequence 1000: shift 1, operation sequence 2000, shift 2. The benefit that operational sequence is assigned correctly is that it could affect the timeline for build as well as ensure that shortages are avoided, and material is delivered to site on time. “With proper process and task sequencing, you're less likely to skip steps. Having an overview of your project will help you make sure you don't leave anything out” (Herold, 2019). The benefit of this process flow is that it provides documentation of the procedure for improved comprehension, quality assurance, and staff training.
[image: ]
Figure 11, Diagram to show the process flow operation sequence 1000 to 2000. To access the remaining processes in the flow, please see in appendix.
7.3.2 [bookmark: _Toc135325874]FMEA
The failure mode effect analysis (FMEA) is a key tool for the stages of manufacturing that show risk identification and mitigation. A FMEA “enhances good engineering by applying the knowledge and experience of a Cross Functional Team (CFT) to review the design progress of a product or process by assessing the risk of failure” (Quality One, 2015). This tool investigates where the failure modes are in the system and allows the user to have actions to act upon to make processes easier and safer for the technicians and engineers that will be building this now and, in the future. The advantages of creating a FMEA is that it “improves product/processes reliability and quality and has Early identification and elimination of potential product/process failure modes” (DRM Associates, 2015). FMEA’s are a part of the PLC process and expected by customers when they purchase the tool. This is to ensure all safety aspects of the tool are resolved before it is put into production. The PFMEA actioned for this project is illustrated below in figure 12.
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Figure 12, PFMEA to investigate the failure modes that would occur on the build in manufacturing. Please see remaining PFMEA in the appendix.
In KLA, the company use a specialised software called ‘Relyence Corporation’ (Relyence Corporation LTD, 2023) which generates a live PFMEA document that evolves overtime. This is due to the design changes and the process control changes within the manufacturing build. For example, the master mover has removed failure mode of not being able to move the machine safely. “The FMEA process needs a complete list of tasks that comprise the process under analysis. The level of detail can be decided by the team. Including more detail takes time, but it reduces the probability of missing Failure Modes” (Bijan Elahi, 2018).
The DFMEA (Design failure mode effect analysis) is the first tool that is actioned. The design team lead the DFMEA which is cross functional across different departments. If tasks are scored high, then the design can be changed. Although not all designs can be changed, so processes need to be put into place and this would be going through the PFMEA (Process Failure Mode Effect Analysis). The PFMEA is comparable to an FMEA, however it covers all business operations. The main differences are that an “FMEA looks at potential failure modes in systems, such as operations management and product development” (Upkeep Tech, 2018) and then the PFMEA functions similarly but covers all business activities.
As stated in the PFMEA above, the floor was unable in the manufacturing build bay. To overcome this, the team needed to investigate whether the machine gets moved to a new area in the manufacturing shop or the floor in which its currently going to be located gets reinforced. The floor needed to be reinforced due to the tiled flooring not being able to withstand the weight of the machine and there was a high risk of this flooring failing under load. To rectify, a new flooring was fitted by an external company with the facilities team to change the old load capacity of 4.5 KN point load on a 25 x 25mm tile to a new 8 KN point load capacity on a 25 x 25mm floor tile.
[bookmark: _Toc135325875]7.3.3 Control Plan
The control plan is a document that tells the user what parts of the process that needs controlling. The inputs can be special characteristics like torque values and what are the correct tools to enable the user to drive this. A control plan outlines the procedures for reducing product and process variation to create parts of the highest calibre that satisfy customer needs. The reason the control plan is so popular is because it offers structural data for process control. It helps the owner to “control the performance of a process and to determine influenced characteristics when product/process changes” (Hartwell, 2018). This tool gives the user a direct output from the controls in the PFMEA, so the plan picks up the design issued that need to be rectified. The input of the control plan is to get the information from the sources such as a process flow diagram or the DFMEA/PFMEA to define the control in the process steps of the products characteristics. As soon as the process design phase begins, the team should begin creating the control plan and finish it before trial production.
[image: ]
Figure 13, Control Plan to show the controlled analysis from the PFMEA.
The table lists the process steps and products that need to be controlled. Then it lists the reaction plan of what needs to be done if there are deviations that are detected.  For example, the Reid Porta Gantry listed within Figure 13. The reason and relevance for this gantry was to enable safe manual handling processes that are followed. This device was implemented to ensure the risks were minimised and the process was controlled. Without this gantry, there would be a chance that the user would sustain serious injuries since the blanking plates would likely fall, harming the machine and placing the user in danger. Another control method listed above is the fitment of the fibre cover plates. Without the control method of a torque wrench, this could result in the M3 fixings snapping therefore the quality team would have to step in to rework the machine which could reduce downtime of the tool being built.
For over tightening and under tightening, all drawings need torque settings and have the correct tools. These tools should be available next to the tools always on a tooling shadow board or a tool cupboard. This needs to be worked on to allow NPI to work on a golden sample.
7.3.4 [bookmark: _Toc135325876]Cycle time analysis 
Furthermore, the cycle time analysis that was carried out for the project will be discussed and how the user uses and interoperates it. Cycle time is the amount of time it takes to complete one manufacturing operation on one unit, or multiple at once, from beginning to end, indicating the amount of time a product spends in one stage of production. Cycle time is a pure manufacturing theory. It’s a very common tool used within the manufacturing environments, and it looks at the bottlenecks in the cycle time analysis. As shown below, this is the industrialisation production timing tool that was used for this project. It was carried out that the data that was gathered from the manufacturing build was inputted from the NPI engineers carrying out the analysis on the build. This is cycle time analysis tool estimates the cycle time analysis if verified before the production and validates on the actual as shown on the bar graphs below in figure 15. It indicated the bottlenecks in the manufacturing build time so it can be looked to improve the issues raised.
Users may get confused with Cycle Time ‘vs’ Takt time, this can be seen in figure 14. Takt time is a manufacturing phrase that refers to how long it takes to assemble a product to meet demand and is a simple calculation that can be done. This is the customer demand/time available e.g., 10 units in 10 days means 1-day takt time per unit. Therefore, the unit cycle time should always be less than the calculated takt time. Otherwise, the lead times will never be achieved by the delivery date (time available). Cycle time and the takt time are different. The difference in each is listed below on the table shown.
	Takt Time
	Cycle Time

	Takt time is the average time that passes between the beginnings of two successive product units being manufactured.
	Inventory cycle time is a term used internally to describe how long it takes to turn raw materials into finished goods.

	Takt time = Available Production Time / Number of Ordered Units (Customer demand)
	Cycle Time = Net Production Time / Number of Produced Units.


Figure 14, Showing the difference between Takt Time and Cycle Time. (Verma, 2013)
Figure 15 below illustrates the industrialization production timing tool that was completed for the first ever Jetstream transportation tool that was manufactured on the shop floor.
[image: ]Figure 15, Cycle time analysis to show the manufacturing operation of the first Jetstream transportation product before adjusting the operational sequence.
Moreover, the data gets inputted into the weekly work schedule. The modules operational sequences are inputted to what is worked on in each shift. This is calculated by the operational sequences that range from operation 1000 to 4000. It then calculates the work content times and the total cycle times in each operational sequence. The Takt time, as previously researched, is also calculated in minutes for each of the stages. 
As seen in figure 15, there is a bottle neck at operation 3000 and very little work in operation blanking and 1000 to 4000. This shows the operation stages are not balanced, i.e., too much work in one area and not enough in another. This shows a bottleneck in the process and that the operations are not balanced. This can be seen by the bars in the graphic being different sizes. This tool is an excellent way to quickly see this and identified an unbalanced process. Thus, the work content and be moved from one operation to another to create a more balance process as seen in figure 16. The graphic shows that the bars for each stage are now approximately equivalent and all under the required takt time. The team now knows this product theoretically can achieve the delivery time. Although, this tool does not allow for issues outside of the process such as material flow or resource constraints.
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Figure 16, Cycle time analysis to show the manufacturing operation of the first Jetstream transportation product after adjusting the operational sequence. 
To conclude, the work content and the total cycle time is calculated to then generate a graphical representation for the industrialised build in manufacturing that was taken place. Overall, this tool was successful in showing graphically how well the actual work and the cycle time based on the actual was preformed and would be good for improving build times in the future to see at what operation stage the cycle time needs to be improved on. This could be improved by outsourcing certain assemblies or moving certain assemblies into different operations i.e., different day shifts. 
7.3.5 [bookmark: _Toc135325877]Characterisation and testing 
Testing and characterisation are essential steps in the production process. Characterisation is the testing process flow used to evaluate a device's electrical performance before the specification is finalised. Engineering characterisation in the semi-conductor industry investigates the process of measuring and estimating the electrical, physical, and the chemical properties of a semiconductor wafer chip and the devices that it is currently operating under. To learn how a material or technology responds to various operating and environmental conditions, a series of tests and experiments must be carried out. This procedure is essential in the semiconductor business since it aids engineers to optimise a device's reliability, performance, and compliance with standards. This testing needs to hit certain specifications, and these standards are set by the software and design engineers to enable the tool to fulfil duties. Engineering characterisation requires the use of a variety of instruments and methods, including temperature analysis, spectroscopy, microscopy, and electrical testing. By running characterisation tests, it allows to form a complete manufacturing process by testing and evaluating out findings from the build stages. 
The characterisation that took place on the Jetstream was completed by running various tests to analyse and define the machines capability of achieving high vacuum. This was done by meeting the certain criteria for vacuum testing and the electrical inputs and outputs that were able to be achieved hit the certain specifications. The base pressure specification that needed to be met was < 3E-08 Torr. This is the minimum pressure required to process. The Jetstream is super high vacuum, so it needs to be as clean as possible. Therefore, it’s difficult to reach such small pressures which such a big volume of chamber which is around 1800 Litres of atmospheric air that needs to be ejected from the system. Below in figure 17 and 19, is an actual representation of the tests that were taken place.

[image: ]
Figure 17, Showing the test method that took place on the Jetstream to achieve vacuum. Also showing the locations that the vacuum pressure switches were located. 

[image: ]
Figure 18, Graph to show the 6-hour pump down of the tool when the vacuum pumps are running. The green line indicates the desired unit of pump down after an hour. 
[image: ]
Figure 19, Table to show the criteria that was set and how long it took to achieve the typical pumping times to achieve the desired result.
As the result shown in figure 18, the team were able to reach the desired pressure and set out by the process development teams and achieve all the typical pumping times above. This is the desired result; as shown on the graphs the vacuum gauges all achieved below average and this is deemed as a success in the semiconductor industry. Although it was challenging, there were minimal roadblocks for the characterisation and testing, so the team were able to hit the targets set to introduce this new product to the manufacturing shop floor.
8.0 [bookmark: _Toc135325878] Results
[bookmark: _Toc135325879]8.1 Were the aims achieved?
Both achievements and failures have occurred within the first few months of establishing processes in manufacturing. Throughout the first few months of build, all the stages of build following the BOM were completed successfully. The prototype was built and tested in manufacturing and enabled the risks to be assessed and therefore analysed the area with the unfamiliar large machine.  Although, there has been issues encountered throughout which have been overcome by completing the many analyses throughout in section 7.0. This has enabled the engineers within the design and NPI team to collaborate to work through the issues that arose. For example, there has had to be flooring reinforcement as once the tool was integrated into the test bays, it was identified during the analysis that the floor weight capacity wouldn’t take the weight capacity of the machine, this was identified in the PFMEA. To overcome this, the floor was reinforced to sustain the weight of the largest tool to enable the engineers to work on the test bay facilities. Now, the machine was able to complete the first build. There has been tooling (e.g., the A frame, torque wrenches, all identified in the FMEA) that has been introduced to enable a safe and stable working environment to maximise safety. 
For the system's design to be safe, feasible, constructible, operable, and maintained, design reviews were held. The purpose of the regular design reviews that took place around the tool and with the design teams were to assess, improve and question all aspects of the design. All faults were tracked to ensure all issues were rectified to allow the machine to run to full potential and to achieve customer satisfaction when it arrives. Furthermore, quality audits and tests were conducted all around the tool to ensure that it met KLA standards before being shipped to the customer. These were discussed and documented for present and future improvements that were worked on by the design team as soon as issues arose. For example, a vacuum line was too short. This was then discussed with the design department to add a longer line into the BOM to ensure this issue isn’t repeated. As the team wanted effective data management and streamline product design, digital analysis with 3D models took place on a weekly basis with all representatives from specific departments. This was deemed as a success as there was a significant input from each department to give structured views where some couldn’t. 
8.2 [bookmark: _Toc135325880]Manufacturing results 
Throughout section 7.0, all key failure modes were identified. There were numerous safety issues that needed to be overcome throughout the whole prototype stage There was a mitigation to reduce or remove all failure modes so that there were efficient and effective manufacturing methods which was the aim of the NPI teams’ objectives. The team were able to identify high risk lifting parts, therefore the specific lifting gear was brought in. For example, to move the machine required a team of up to 8 people so the NPI team were required to come up with a solution to minimise the risk injury. After research and development, a ‘master mover’ was ordered which acted like a tug to transport the tool to any area in manufacturing. These issues were then de-risked, and it was a two-man job rather than a team. With tooling like this that was identified throughout the FMEA, it allowed the tool to be built through all the operational sequences with issues rectified throughout.
Trials were held to hold the process modules onto the system to identify issues before hitting serial production. This will enable less issues arising with quality and production time. If it wasn’t trial fitted, it would put delays onto the build and decrease issues when the tool is being fitted at customer sites all over the world. If the team didn’t go through these processes, there would not be the release of some of the equipment needed and some of the designs wouldn’t be verified. So, these failure modes have been identified before serial production and stopped issues arising at customer sites.  These risks identified in the manufacturing build generated a balanced build to achieve the balanced cycle time needed throughout the operational sequences. The NPI team were able to integrate tools into manufacturing that were specialist to the build of the largest tool. Some of these tools that were introduce are i.e. A frame, master mover, jigs and fixtures identified throughout the FMEA. These tools were then introduced by the new product introduction team and change management processes were created to ensure a safe working process for the engineers on the shop floor. A management of change is an evaluation of a new process introduced to a build in manufacturing to “minimize unintended safety, health, & environmental consequences of the change and the process to design out hazards of a project during the planning phase” (Dame, 2023).
From the PFMEA, there were 8 failure modes identified, but there were 13 failure mode effects defined in the analysis. The team were able to put action plans in place to re score these risks to re analysed 12 of the risks to reduce or remove the failure modes. To ensure the manufacturing team are aware, the team were able to create a control plan that was identified from the PFMEA to ensure all failure modes are controlled during the manufacturing process.  
For testing, the machine exceeded the base pressure targets, falling in a better target than it was set. The tool was leak tight to rough vacuum, which was base pressure 3 millitorr and the cryogenic pump which helps the tool achieve high vacuum got to a value of less than 3 x 10^-7.
[bookmark: _Toc135325881]8.3 Phase Gate 3B
To pass phase gate 3B in the product life cycle process, the project needed to have approval from the Vice President (VP) of the company, which in KLA’s case is the director of operations. Said person will be involved in all aspects of manufacturing and NPI’s involvement to ensure the tool meets all the aims that were set on the PLC cards. To ensure everything is in order, evidence will also be marked.
This phase gate was preprepared and completed with evidence to back this up. The development of the alpha first build of the largest tool was completed in manufacturing, and the test was not only prepared, but it was also completed successful exceeded all targets with the characterisation results. The BOM was created and released into Enovia which is a system that KLA must hold all the materials and drawings for all systems previously discussed. The preparation to service the tool in the customer field was achieved by completing the build, test and introducing a PVD module onto the system and allowing it to run the processes with the robot handler. The MRM tool was one of the main drivers for adherence to the PLC requirements. This was achieved by completing the required documentation to enable the build progression inside an evidence portfolio.  
Throughout the phase gate 3B, weekly PLC pulse meetings were held to ensure the team were on track to actions in time for the phase exit in line with the project plan. This gave the team multiple opportunities to problem solve in an open table and getting all involved aligned regarding the subject matters.











9.0 [bookmark: _Toc135325882]Conclusion 
[bookmark: _Toc135325883]9.1 Review of the aims set
Throughout the review of the results, it can now be concluded to critically analyse what has been achieved. it’s now possible to draw a critical analysis of what has been done and what hasn't throughout the results review.
For the aim of delivering the safe implementation for the first build (alpha) in the manufacturing environment, all aims where met and delivered to enable a safe working space. The correct lifting equipment for the necessary lifting operations was managed by producing the FMEA to categorise all operation issues to allow safe processes while operating. The material delivery was sufficient when it was received by stores and goods in which allowed it to arrive with material management by the NPI team. Each material trolley which arrived from stores was inspected to ensure high quality parts and to assess if there were any damages while the parts were transacted from the supplier sites. Moreover, the size implications on the alpha build introduced issues. Transporting the machine through the manufacturing areas was difficult at first and required a lot of resource. This was overcome by introducing the Master Mover tug which enabled the tool to be moved with minimal labour and hazards. For this, sufficient training to all operators working on the machine took place throughout the design, manufacturing and NPI teams which allowed management of changes (MOC’s) to be generated on all equipment. 
Productivity of the build in manufacturing was a key point in the whole process for the NPI team. This was to allow the customers to achieve more produced products in shorter time scales. To achieve this, the team needed to make the tool manufacturable. There needed to be a sufficient Bill of Materials (BOM), and this was created and set up in Enovia by the design team in operational sequence. These operational sequences were created to remove bottle necks due to cycle time analysis and as seen throughout the work done section. These operational sequences were changed in the BOM to enable the correct amount of work to be achieved in each 8-hour shift. As seen in the cycle time analysis, at the start of the operational sequences there wasn’t a balance in work throughout the shifts. To enable the build engineers to be effective and enable a flow of work throughout, this was altered to allow the precise quantity of work for each shift.
Working with vendors to establish relationships was a priority throughout the entire project. From the team's trip to Hungary to examine the machine's billet material to their subsequent excursion to regional vendors that perform the electrical work, every trip was successful. Through these links, the two industries have developed a sense of mutual trust, and KLA has had the opportunity to work with suppliers who may be unfamiliar with the industry altogether, which has opened new opportunities.
Upon review, it is concluded that the product is at a state where it is repeatable and reliable. The build teams have sufficient knowledge and training which allows them to be mentors for other engineers and even expose the tool to apprentices and graduates to further knowledge and allow opportunities within the company. This will also allow for prospect to have exposure on a PLC processes tool as the team have successfully completed to gate phase 3B, which is the manufacturing stage of the products life cycle process. 
Throughout this review, the NPI team needed to work with the design team to achieve customer satisfaction. The tool was successfully built throughout each operation sequence, but the NPI team believe that to get true customer satisfaction on the first ever tool being built, the customer needs to inspect and audit the tool at the manufacturing site before delivery. This is done to help identify issues early and aids effectiveness of the company. The customer will then be able to see the product before it enters the mass production site. If a new product is being manufactured for the first time, the design and NPI team need to consider this for future reference. 
Furthermore, the next aim which was set was achieving the characterisation criteria the team needed to ensure that the tests run met the set criteria. These criteria were laid out in section 7.3.5. The baseline was established for pumping the machine down to attain the set vacuum pressures, and even better outcomes than what was established that was successful were obtained. The 6-hr pump down results were set on the graph and as shown the 3 sections on the Jetstream pumped down to under specifications. This will show the customer when they come forward to buy the tool what high vacuum pressures that KLA can achieve which will boost sales and improve processes. Overall, throughout the testing, the team were able to create and achieve the baseline test targets and hit the target times set within the project timeline. 
To conclude, although the overall phase gate was completed and the NPI team were able to introduce this tool to the manufacturing shop floor successfully, the timeline could’ve been a lot more structured from the design team. For example, the looming to be fitted wasn’t designed in time so therefore had to wait for this to be delivered. For future builds to introduce to manufacturing, the deign team need to ensure that all BOM material is ordered before starting initial builds within manufacturing to stop effecting the labour hours as to optimise efficiency, the build needs a constant flow.
Finally, throughout all these aims, verification and validation was needed to ensure that the machine was able to fulfil the purpose. These list of requirements for the new product were determined throughout the FMEA and control plan to ensure the build was a safe and stable environment in manufacturing. Training the engineers on the new prospects and introducing new materials with new opportunities was achieved by running risk assessments on all new equipment and ensuring the heath and safety team where present during these activities by validating the actions. 
9.2 [bookmark: _Toc135325884]Reflection
Upon the reflection, it has been deemed that an improvement in systematic approaches could have been incorporated. Another action that could’ve been incorporated is with different teams like the field engineers having an increased input into the design and manufacturing. This would have enabled speeding up of processes with installations of the modules onto the handler machine in manufacturing. Also, an improvement could have been made where teams were involved at the wrong time. Having an input from more NPI engineers on the project would be an improved as more eyes creates better results.
· 















[bookmark: _Toc135325885]10.0 Recommended further work 
[bookmark: _Toc135325886]10.1 Completing the PLC process to gate 7
Completing the PLC process to phase gate 7 would take a great deal of time which would therefore be a long-term solution. A company can only average how long this process will take and it’s all dependent on customers’ requirements. For example, a customer may want a tool that has an even higher throughput of wafers in the next 5-10 years, and this is all dependent on the market. Although, if the product can successfully go from design to downturn in the market making the machine obsolete, it is evident that the product was successful and newer models will be able to go through the same process as the older models have experienced. By achieving the process gates, this allows for greater efficiencies in the process to refinement. The MRM allows efficiency within the PLC process as it gives a targeted focus for inputs in the PLC for manufacturing engineering 
10.2 [bookmark: _Toc135325887]Bigger cluster tools
Now there is a tool that can create a higher throughput by 30%-50%, for further recommended work KLA can look at investing in designing an even bigger percentage transportation module machine. This could have an even bigger footprint which can be put into a cleanroom to enable even more wafers to be processed. This can spark more interest from different types of clients. Investing in producing a larger tool than the one present would not only increase interest in wider global customers, but it would also present an image to competition within the semiconductor field. This would help the company gain competition in the global market and increase job opportunities within the South Wales region for the skilled and non-skilled workforce. Semiconductor industries would be able to assemble to result in multi diverse projects to seek help and guidance where it is needed. 
10.3 [bookmark: _Toc135325888]Outsourcing to stages 
During validation and verification stage, it needed to validate the design from a manufacturing perspective for fit form and function. Therefore, key assemblies had to be identified so that it can be outsourced into the supply chain to significantly reduce the cycle times which then links to the cycle time discussed earlier on in the project. Benefits of outsourcing manufacturing to suppliers will result in a greater scalability, maximise the process efficiency, have reduced overhead expenses and therefore create lower labour costs as there will be less hands on resource needed. When manufacturing builds are outsourced, the business doesn't just lower labour expenses on the shop floor; it also minimises expenditures for HR resources, training, management time, overtime pay, sick and holiday pay, and other labour costs. This will then allow the company to focus on the core business activities that need to be worked on. The outsourcing will commence with the NPI team and Commodities team to work together to decide what is the best way to minimise build times. For example, outsourcing the facilities tray as there are suppliers capable of doing this and it reduces our build time by 16 hrs therefore increasing efficiency on the manufacturing shop floor. Opportunities will also become available for local suppliers to increase their workload which not only benefits KLA but benefits the local economy and workforce. 
The team are not going to be able to change the work content because the part quantity is the same but can move the work content to the supply chain to reduce the cycle time therefore increasing our build throughput on the shop floor. NPI involvement here is to make sure that the BOM is correctly structured to support the outsourcing opportunities. For example, operation sequences, NPI are a consultant to ensure there to make sure it doesn’t affect teams downstream which creates more work in the future. 
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[bookmark: _Toc135325890]12.0 Appendix 
[bookmark: _Toc135325891]12.1 Process Flow
Below is the full process flow that manufactruing followed to build the Jetstream in manufacturing. Expanding on Figure 11.
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[bookmark: _Toc135325892]12.2 FMEA 
Below is the full PFMEA that was carried to to ensure risks of injury were dected and rectified before build commenced. Expanding on Figure 12.
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