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[bookmark: _Toc161586234]Introduction 
This Technical Report has been produced to show the improvement plan that was created to address a current production inefficiency recognized by the NPL (New Product Launch) team during the transfer of ownership of the Release Etch machine, the Monarch 25 from KLA in Allentown, US, to KLA in Newport, UK. The Elevator sub-assembly has an important role within the overall manufacturing system meaning the increase of lengthy production times since the transfer had to be prioritized. This sub-assembly is significant in the production of the Monarch 25 machines.
[bookmark: _Toc161586235]Current Problem 
Since the Sub-Assembly has arrived at our Newport site, it has become cursed with lengthy production times, complex technical drawings, and requirement of extensive training due to a skill gap at the Newport site. As a result, delays to production have occurred, labour cost have risen, and more Elevator products are going through to testing phase of its life cycle on the shop floor with defects. This has affected the operation departments employee morale and efficiency.
[bookmark: _Toc161586236]Objectives
There are numerous objectives that need to be achieved throughout the project. These objectives include looking into restructuring the engineering bill of materials (BOM) so that the kit of material will get picked by the stores, who kit all the material for a production assembly, in a more standardised format. Moreover, a SOP (Standard operating procedure) document will be used as a step-by-step instruction for the Elevator. This should improve the efficiency of the build engineers on the shop floor. Hopefully by carrying out these initiatives several important goals will be accomplished such as:
· Reduced Lead Time
· Lower Labour Costs
· Improvement of Employee Morale
This report will explore specific approaches used to analyse current difficulties, the selection and justification of basic quality tools, and the creation of a prioritized improvement plan. In addition, it will address predicted challenges to implementation and recommend ways for overcoming them. The final goal is to give a complete roadmap for improving the efficiency and effectiveness of the lift sub-assembly process for the Monarch 25 module.


[bookmark: _Toc161586237]Problem Identification and Analysis 
[bookmark: _Toc161586238]Overview of Elevator Sub-Assembly 
The Elevator is a critical component within the M25 (Monarch 25) system. It is used to handle the transportation of a semiconductor wafer shop when being processed inside of a confined, vacuum tight process chamber. The main use of the Elevator is to drive a 25-wafer cassette rack from the lower chamber to the upper chamber of the M25 module. Once the Elevator is set in the upper chamber, the cassette rack resides between the gas inlet and pumping port, resulting in efficient wafer processing. 
Furthermore, the elevator also serves as a function to the M25 of sealing off the lower and upper chamber from each other during processing, allowing the lower chamber to have controlled N2 levels during processing.
[image: ]
[bookmark: _Toc161579185][bookmark: _Toc161586224]Figure 1 - Elevator Sub-Assembly 

[bookmark: _Toc161586239]Overview of Monarch 25 module
The Monarch 25 is a HF Release Etch module that the NPL department has recently leaded the transfer of ownership from our site in the US. As explained on the SPTS website, "HF etching is a dry vapor (plasma-less) etch process to remove sacrificial oxide layers, primarily used to release silicon MEMS structures" (SPTS Technologies,2024). The M25 provides high throughput due to the ability of processing 25 wafers within a batch.
To conclude, both the Elevator and the M25 module, together are an essential part of KLA’s semiconductor manufacturing process that offer customers advanced processes that are proven reliable while operating efficiently. 
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[bookmark: _Toc161579186][bookmark: _Toc161586225]Figure 2 - Monarch 25 Module 
[bookmark: _Toc161586240]Data collection method – Check Sheets (Measure)
At KLA, DMAIC a six-sigma tool is used to structure continuous improvement projects, meaning check sheets are an ideal tool to capture quantitative information such as time spent on specific tasks during the measure phase. “Check sheets help to systematically collect and organize data and is useful in all phases of the Lean Six Sigma DMAIC (define, measure, analyse, improve and control) framework” (Kollengode, 2010). The use of check sheets as one of the basic quality tools employed throughout the project supplied important insights into the build touch hours having major variation across the 13 sub-assemblies produced as shown in figure 3. Using check sheets was a straightforward way to measure the project during the DMAIC phase. From using a systematic approach of recording the hours it took to assemble each Elevator, the check sheets revealed substantial variations in the touch labour hours of build, ranging from a low 8 to a high 16.5 hours over a small group of 13 sub-assemblies. This highlighted the importance of standardizing the process early on during the transfer of ownership to KLA UK as the variation could grow further otherwise. By employing check sheets to track and analyse KPI’S, it offers a simplistic and efficient method allowing prompt detection of issues and focused improvement endeavours to boost productivity and optimize operations.
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[bookmark: _Toc161579187][bookmark: _Toc161586226]Figure 3 Elevator - Check Sheet

[bookmark: _Toc161586241]Current challenges and issues (Cause-and-Effect Diagram)
To help identify issues such as the spike in build hours recorded from the check sheet, cause-and-effect diagrams were employed as they work well to identify and analyse root causes of the sub-assemblies’ problems. This is through sorting potential causes into easily visual categories (Lewis, 2020). For the manufacturing process, the following diagram helps give a systematic review of indicators of the root cause such as skill gaps and complex procedures. De Mast and Lokkerbol (2012) supported the use of cause-and-effect diagrams in manufacturing as it allows potential causes to be organised into areas such as manpower, methods, machines, metrics, materials and environment, producing a sufficient analysis of the problems to be dealt with.
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[bookmark: _Toc161579188][bookmark: _Toc161586227]Figure 4 - Cause and Effect template (Dmaictools.com)










[bookmark: _Toc161586242]Selection and Application of Basic Quality tools
It was important to utilise some of the ‘Seven basic quality tools’ throughout this project and improvement plan as they are techniques used to manage quality by identifying, analysing, and solving quality-related problems (Khawaja and Khan, 2022). Ishikawa famously promoted only the following 7 as they were a simplistic mean of addressing quality and are highly visible: Check sheets, Histograms, Cause and Effect diagrams, Scatter diagrams, Pareto analysis, Flow charts and Control charts. Ramu (2022) notes that Ishikawa “provided the roadmap to follow when first looking at a process that needs to be improved”.
[bookmark: _Toc161586243] Current vs Future state process flow charts (Define)
During the Define phase of the DMIAC project, current and future state process flow maps were applied as the first basic quality tool. Initially, the current state flow chart will give everyone a comprehensive understanding of the existing flow of work by identifying inefficient processes and areas of improvement. Contrarily, the recommended future state flow chart shows the ideal flow of work such as, simplified instructions and efficient kitting structures. The restructure of the kits should streamline the assembly process which will result in a simplistic build while eliminating extraneous tasks within the job. This flow chart expects decreased touch labour hours. These tools will aid the implementation of targeted improvements, ensuring increased productivity and quality of the product from visualising the shift from current to future state processes (Seth * and Gupta, 2005).
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[bookmark: _Toc161579189][bookmark: _Toc161586228]Figure 5- Current State Map
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[bookmark: _Toc161579190][bookmark: _Toc161586229]Figure 6 - Future State Map












[bookmark: _Toc161586244]Scatter graph (Analyse)
A scatter graph was utilised as one of the basic quality tools within the elevator sub-assembly improvement project. The graph provided a basic analysis of the relationship between assembly time and ownership of product. In particular, the positive correlation revealed on the scatter graph indicates an increase of hours per assembly build since the product has moved from the USA to UK, the UK performing significantly poorly. Highlighted in red on the graph is when the UK took ownership and started manufacturing the assembly at the Newport site. The R² value of 0.3851 refers to that around 38.5% of the fluctuation in assembly hours can be linked to the transition of ownership. By showing visual insights into the trends and relationships within a continuous improvement project, scatter graphs can provide databased decision making (Shinde, 2014).
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[bookmark: _Toc161586230]Figure 7- Scatter Graph


[bookmark: _Toc161586245]Improvement Plan Development 
The following Improvement Plan was developed for the Elevator Sub-Assembly within the manufacturing system. Involving key steps aiming to enhance efficiency and address current issues. Collaborating with key stakeholders allowed the plan to guarantee successful execution while keeping improvements sustainable.
1. Standard Operating Procedures (SOPs) creation: To guarantee consistent good quality and efficiency in terms of the Elevator operations, the work procedures must be standardised. SOPs include easy to follow instructions, and quality control techniques to aid the operator during the build process. 
2. Assembly Kits Restructured: The engineering bills of materials (BOM) were redesigned so that the way the elevator got kitted for operators was restructured. Benefits of this included streamlined material handling and inventory management optimisation. The kitting process now ensures that operators have access to the necessary components and tools at each stage of assembly, minimising downtime and enhancing productivity.
3. Operator Training Development:  Operators received extensive training to improve their abilities and knowledge in putting the elevator subassembly together. To enable operators to carry out their jobs successfully and efficiently, training sessions concentrated on technical skills, procedure adherence, and problem-solving strategies.
4. Timeline/Actions: DMAIC tools such as project charters were used to establish a timeline of each implementation activity and improvement initiative, with clear deadlines. Across the cross-functional team, specific jobs were assigned to workers involved within the improvement phase of the project ensuring responsibility and accountability. This information is referenced in figure 8.
Concluding on the improvement plan, SOPs, optimised workflow, and training development investment is proof that the organisation tried to obtain substantial improvements in build hours, productivity, and overall manufacturing performance.

[bookmark: _Toc161586246]
Improve phase of DMAIC – Prioritization
Prioritising improvement actions during the DMAIC stages involved determining areas for improvement based on an assessment of their possible influence on the efficiency of the Monarch 25 manufacturing system's elevator sub-assembly.
· Priority 1: To streamline and optimise workflow within the Elevator build process was the priority of the improvement project. To justify this being top priority was that it would reduce assembly time resulting in enhanced productivity on the shop floor. By addressing certain bottlenecks and inefficiencies within the Elevator process, the improvements made lead to better operational efficiency and throughput of the sub-assembly.
· Priority 2: The next priority was to restructure the way the sub-assembly got kitted. Initially, this took some investing to redesign the bill of materials. The fact it allows better managing of inventory systems hinted that it was a good priority for the team to focus on. This priority allowed the operators to receive the necessary parts at each stage of the Elevator assembly. Manufacturing at the UK site can expect major material and downtime wastage improvements. In all, this results in a more efficient and cost appropriate manufacturing system for the Elevator.
· Priority 3: Training development enhances operator’s skillset in assembly of the elevator which results in overall organisation improvement of quality, faults/ need for rework, more efficient sub-ASSY, and reduced defect costs. The third focus to kick start required a lot of manufacturing resource in terms of time, which meant that it was hard to get the buy in from certain stakeholders but when informed of the potential future benefits it could bring, they agreed of its prioritisation. 
It is important to sort through the improvement opportunities as the project then considers the feasibility and cost benefit of each initiative. Resources are effectively allocated based on the prioritization of each initiative to solve the most problematic cases first. The timeline for implementation of the improvement plan is highlighted in the project charter (Fig.8).
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[bookmark: _Toc161586231]Figure 8-Project Charter














[bookmark: _Toc161586247]KPIs (Progress Control)
It is extremely important that as well as implementing the improvement plan, performance of the Elevator sub-assembly is tracked during and after the changes have been made. This allows analysis of the Elevators current vs future process for effectiveness of the improvement initiatives. Below will highlight the plan of how the organisation will carry this out with in house methods and systems.
The software used by operators at KLA in the UK to access build instructions is called Shop Floor Online (SFOL). Currently, the elevator sub-assembly is a part of the Monarch 25’s SFOL job page meaning that the kit gets routed to main build where most technician level workers operate. 
There is a specialist build department that deal with these types of assemblies, so to follow standard practice a sub-assembly job page will be created in SFOL so that the kit gets routed to specialist build. This will be easier to track performance of the Elevator as the specialist build department is a smaller team so it should eliminate some result irregularities. 
Furthermore, at KLA performance metrics in SFOL can be tracked by creating a separate job page for the Elevator. This will end the process of manually tracking the hours (as it is no longer a part of the Monarch 25 build job) and the software will record the hours each operator spends logged onto the sub assembly job. The SFOL software stores build hours in its system and can generate SPC charts upon request. One of the KPIs used to track the progress made from the improvement initiatives will be the reduced sub-assembly hours. This allows the wider organisation to track whether the sub-assembly efficiency has improved by comparing the new assembly hours against pre improvement initiative hours. 
Another function of SFOL is that operator can raise faults of material/assemblies through the software tool called QFR’s (Quality fault reports), which gets sent to relevant personal. This allows the organisation to track the reduction in rework required post improvement initiatives. If the wider workforce that will touch the elevator build are unhappy with any process implemented, they tend to also use the QFR function to provide feedback which allows the organisation to gauge on workforce morale and competence. Regular surveys could also be employed to gain insight on the true perception of the workforce’s opinion of the changes made which could result in continuous improvement tasks.



[bookmark: _Toc161586248]Anticipated Barriers and Challenges 
It is important that before the improvement initiatives begin, all potential barriers and challenges are considered. Failure to do so may hinder the success of each initiative (Deichmann and Ende, 2014). 
The most common barrier faced when implementing improvement projects, is the resistance to change (Torres Jr and Gati, 2011). If the changes made to the Elevator process disrupt the operators’ current routines or require new training, some convincing may be required to get the wider workforce to buy in. Clear and effective stakeholder engagement plans will effectively manage this challenge to make sure employees appreciate and understand the reasoning behind improvement initiatives. This also makes them feel appreciated as they can contribute to the implementation of the changes. Furthermore, if employees receive the correct training, their confidence within themselves to adapt to new processes will improve.
A further barrier that could be faced is limited resource. As the improvement initiatives start, the project may exceed a set budget or not have the adequate manpower to push some tasks through. It was important that the initiatives were prioritised before implementation. This allowed the organisation, to review the feasibility of each improvement in the plan so that initially high impact, low cost driven initiatives could be focused on. Making the most of cross-functional teams will help this potential manpower barrier. 












[bookmark: _Toc161586249]Conclusion       
This report focused on an improvement plan that would enhance productivity, standardise assembly processes, and upskill operators. Using basic quality tools and analysis of potential barriers and challenges, hard-impacting improvement initiatives were identified. Continuous improvement and operation targets will be carried out because of the implementation tasks from the improvement plan. 
Resources can be allocated and optimised from the prioritisation of initiatives. A plan is created based on cost-effectiveness and the potential benefits each initiative can bring to the organisation. 
In the end, this report serves as a template for improvement initiative plans for the sub-assembly process at KLA.















[bookmark: _Toc161586250]References
Deichmann, D. and Ende, J. van den (2014). Rising from Failure and Learning from Success: The Role of Past Experience in Radical Initiative Taking. Organization Science, 25(3), pp.670–690. doi:https://doi.org/10.1287/orsc.2013.0870 [Accessed 13 Mar. 2024].
de Mast, J. and Lokkerbol, J. (2012). An Analysis of the Six Sigma DMAIC Method from the Perspective of Problem Solving. International Journal of Production Economics, [online] 139(2), pp.604–614. doi:https://doi.org/10.1016/j.ijpe.2012.05.035. [Accessed 8 Feb. 2024].
Dmaictools.com. (2019). DMAIC Tools - The Proven Method for Process Improvement. [online] Available at: https://www.dmaictools.com/. [Accessed 8 Feb. 2024].
Khawaja, U.A. and Khan, Dr.S.A. (2022). 7QC Tools’ Scope, Limitations, and Implications for Organizational Quality. International Journal of Social Science & Entrepreneurship, 2(2), pp.477–493. doi:https://doi.org/10.58661/ijsse.v2i2.81. [Accessed 16 Feb. 2024].
Kollengode, A. (2010). The Check Sheet: A Simple and Effective Way to Display Data. [online] Process Excellence Network. Available at: https://www.processexcellencenetwork.com/lean-six-sigma-business-performance/columns/the-check-sheet-a-simple-and-effective-way-to-disp#:~:text=It%20is%20a%20handy%20tool. [Accessed 9 Feb. 2024].
Lewis, S. (2020). What is a Fishbone Diagram (Ishikawa Cause and Effect Diagram)? [online] WhatIs.com. Available at: https://www.techtarget.com/whatis/definition/fishbone-diagram. [Accessed 8 Feb. 2024].
Ramu, G. (2022). The ASQ Certified Six Sigma Yellow Belt Handbook. [online] Google Books. Quality Press. Available at: https://books.google.co.uk/books?hl=en&lr=&id=GuqiEAAAQBAJ&oi=fnd&pg=PT5&dq=Ishikawa+famously+promoted+only+the+following+7+as+they+were+a+simplistic+mean+of+addressing+quality+and+are+highly+visible:+Check+sheets [Accessed 17 Mar. 2024].
Seth *, D. and Gupta, V. (2005). Application of value stream mapping for lean operations and cycle time reduction: an Indian case study. Production Planning & Control, 16(1), pp.44–59. doi:https://doi.org/10.1080/09537280512331325281. [Accessed 16 Feb. 2024].
Shinde, r. V.B. (2014). Application of 7 Quality Control (7 QC) Tools for Continuous Improvement of Manufacturing Processes. International Journal of Engineering Research and General Science Volume 2, p.369. doi:https://d1wqtxts1xzle7.cloudfront.net/43340061/SEVEN_TOOL_OF_QUALITY-libre.pdf?1457076470=&response-content-disposition=inline%3B+filename%3DApplication_of_7_Quality_Control_7_QC_To.pdf&Expires=1710073601&Signature=M0VWN0EPIyeRbsglgkZNk27FnePNBno3TYAOxGarj9PD2Vc1g7clD47RsrrbuU4xN9lxuv5HRqefBFZvsga1f5Zidqjvxu0~JYmR0ul1RkBnulQiRCD215BC2pqqap355LHcPcI7vtB~b5x4bTpJ6uHfYzdbNvr5NZDrpjz2m7QdJc7vCN2KpxqxBltg7FZXoNxUdtDM8l4T9CZfcLUfTOCZqYBZMTyWzhjFdwe2wwAI7tfyFVFCIgGSnHVMIgsQ8TroaO77WSx61Bkd69wCM3zpbavZKKbinfRG4hW7kC0x8S04TFvAnMCkVVqpBbgjePxQpLnNOdMlz080ZO0WrQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA [Accessed 10 Mar. 2024].
SPTS Technologies (2024). Introduction to HF Vapor Etch | SPTS. [online] Available at: https://www.spts.com/resources/tech-insights/hf-intro [Accessed 7 Feb. 2024].
Torres Jr, A. and Gati, A.M. (2011). Identification of Barriers Towards Change and Proposal to Institutionalize Continuous Improvement Programs in Manufacturing Operations. Journal of technology management & innovation, 6(2), pp.94–109. doi:https://doi.org/10.4067/s0718-27242011000200007.

image2.png




image3.png




image4.png
Name of Data Recorder:
Location:
Data collection dates:

Charlie Richards

Allentown, USA & Newport, UK

01/23 - 06/23
No. of hours spent per day building Total hours spent
Module number [Day1 |Day2[Day3 [Day4 |Day5 per assembly.

1707191 6 s 11
1660150 5.5 9.5
1660106 6 2 8
1660126 5 2 8
1660116 6 4 10
1660117 7 9
1660118| 5 3 8
1660119 5 9
1660115 6| 6 45 16.5
1660134 5 0.5 125
1660125 6| 6 2 14
1660124 6| 6 0.5 125
1660122 6 6 1 13





image5.png
Fishbone Diagram
Completed by: Charlie Richards Date: 06/02/2

Vethods

Lack of Training
€— Availbility of Necessary Tools
N€— Lack of Standard
Operating

Procedures (SOPs)

Skill gaps

Increased Build Hours
During Transfer of M25
Module
Accuracy of Build Time =3,
Recordings (Check

Sheet)

Management
Practices

transfer (Team
relatinships)

Shop Floor =3,

Layout and
Organisation

.
. Materials
Metrics

Kitting structures =3
- BOM related





image6.png
Current build process map

YES

received from

Receive .
Material e Demand

booked into sl raised on

stores sap
suppliers

Material
demand

Module audits
caried outby
‘techmician

Build complete

Shop floor
Onlne hours
o

Picing st
reatza by
storesfor

manufactuing

i

NO

Monarch 25 build

Stores
workers pick

partsand
issue to jobs

canbuibe
progressed

Nt proc.
esting for

purchasiog to witn
shorages?

investgate

Complex
techmical
dravings
followe:

Elevator
stanedin
buidin

manufacturin

Madule
placed on
stop

NO

Training/support
Required
(ncreased fabour
ours)

[r—
sinue with

Unproductive section of the
current process map

Added touch labour hours as a
result of a complex sub-assembly
procedure. This means more time
being spent on labour which
decreases the efficiency and
throughput of Monarch 25
Module on build




image7.png
Future build process map

received from

Receive .
Material e Demand

booked into sl raised on

stores sap
suppliers

Material
demand

Module audits
caried outby
‘techmician

Build complete

picking

YES — S

workers pick

— =

nufactuing

Shop floor
Onlne hours
o

NO

= parts and
issue to jobs

canbuibe

Nt proc.
esting for

purcrasing o
investgate

Level 5.0 and
iting.
implemented

Madule
placed on
stop

[r—
continue ith
Monarch 25 build

Unproductive section of the
future process map improved

No more inefficient complex sub-
assembly job due to simple to
follow 5.0.P and kitting
restructure which has reduced
build touch labour hours and the
requirement for technician
training.





image8.png
03851

Ri=

Elevator build times

ot

raiosst

stio91

retosst

stiosst

stiosst

sctosst

sotosst

ostosst

tsicot

18

16

14

8 o8 e e

(s1n0H) Aiquiasse sad juads awiL.

Assembly serial numbers




image9.png
Project Name (From Project Register): [Standardising an NP1 sub-assembl
| Project sponsor: [xevin Cadogan
1 probiem Defiition
Chate Richarde-Manufacturing The cortent oroblem nvlves n neffcient a0 cutdate sub-ssembly proces fo an levatoron 3 Monrch 25 module,
athew powell anutacturing resuting i engthy buldtimes, complicated techicl Grawings,and th need o g,
our aliams: L 13imto/mprove the bl ffcency ofan NP1 ub-assembly b eorganaing bl ki o levels and implemerting
e comprehensie tandard Opersing Pocedure (07) dided no four evels o simpllythe processandredce aning
Can Fage-sOM. cequremens
2 o-rejes n ey
Fhase Acion Who | wWhen oate
mprove buldeficiency/Recuce uld hours Joetine __|oefineroject and develo poject charte rom ation 110 10, cn | agjos/aoas| 1a/oaunsourabor hous betor/atter Elevatoron onaren 25
Stangarsationof an ssembly process Joetne [oefine poject scope andvoceofcstomer G/ |22 ay]o5/os/a0sfneduced costof ouch bor
[create processmap cn | ajos/a0zs] oojor/avzfoetect e arrs)
[Collct b time data “cniow | 12/06/2003]aajon/203f rechnicin eedbock
Iosta hroughcrars cn | ujora0zs] aajo/aunsstandardstion asesment
[Anayse —[review proces snslyis metnods cn [ sv/or/a0es | /on/ 202 7. enetts
Redce Hecstrtooch nbour hours [ansyse—Jiookt itingstrctue oA | asjor/aons|_sojon/aosfimproved auaiy
[Alows more opportutyfo incress trovghputof
Alouing igher throughputof onarch mocules _|analyse _|igenityanysources of varaton i bu times cn | aworaons]  aossauzsotnersubsssembies
revseas 00 Jansise o vsusa. a4/07/2025]a1/08/ 202 Recuction nead tme.
Simpityting Srvere [ceste emer G fos/ana] oo 2uaicostsavings
[ceste g ogamiation “cn | oyjora0zs]_10/01/2023improved morsleandstsiation
Cinscope [oevelopand Implement Revised 507 e[ osforaons] _ojorjau S outof scope.
Sub ssembly process ot esting e, ajor/202 1o other Monareh 2
Cting restrcture [conductaing cr | 10/01/2023] /0172023 [changes o ub-sssembly design
500 aestion ool ool vty et ot “cn | aojoa0zs]_a4jor/auzsventory mansgement
Scus measures o put i place t conrol proces e 5 5een
Tsining ortechnicians Jcontet oww orzo Joutsoure sub-sssem
Date collection thiough GBIervetons. [Control —etseblish Performance Wetrs snd Deshboards "eRAW Jar 2028 [Data collection through SFOL_





image1.emf

