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Abstract 
In this thesis, we explore modifications to enhance the accuracy of NXP’s AutoSched Advanced Processing 

(ASAP) model, aiming to address stakeholders’ challenges in using ASAP effectively to improve operation 

efficiency of ICN8, NXP’s semiconductor plant in Nijmegen. Our analysis of operations at ICN8 revealed 

that inefficiencies in the operation rate represent the largest source of efficiency loss, while tool availability 

rate ranks as the third largest source of efficiency loss. These inefficiencies are areas where the ASAP model 

could drive improvement.  

As of 2023, NXP’s 72-hour ASAP model forecasts daily moves at ICN8 with an average absolute move 

deviation of 15.8 percent per cap group (groups of machines with similar capabilities) for the 35 largest 

cap groups. This large deviation limits the effectiveness of ASAP for improving ICN8’s operation efficiency. 

Especially ASAP’s potential for pinpointing future bottlenecks cannot be utilized as the stakeholders need 

an ASAP model that is able to forecast absolute moves per cap groups with a deviation of no more than 5 

percent to trust the model.  

To enhance the forecasting accuracy of NXP’s ASAP model, we implemented the process times per tool 

and tool idle times into the ASAP model. Validation of these modifications demonstrated an average 

reduction of 39.2 percent in forecasted move deviation across cap groups, reducing the average daily 

forecasted absolute deviation for the 35 largest cap groups from 19.1 to 11.7 percent in 2024.  

While this improvement does not meet the 5% deviation target necessary for accurately pinpointing 

bottlenecks and optimizing the overall efficiency of ICN8’s production process, it represents a significant 

step toward this goal. Further refinements could yield even better results. Additionally, these 

improvements could assist NXP in making better decisions regarding operator staffing, tool maintenance 

planning, and reducing the weekly maintenance time required for the ASAP model itself.  
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1. Introduction 

1.1. Company description 
The thesis project is conducted at the Industrial Engineering Department of NXP Semiconductors in 

Nijmegen. NXP Semiconductors is a global leader in secure connectivity solutions for embedded 

applications (NXP Overview, 2023). After separating from Philips in 2006, the company has expanded into 

a global organisation. Currently, NXP is active in more than thirty countries from which two sites are 

located in the Netherlands: its head office located in Eindhoven and a manufacturing plant in Nijmegen, 

where integrated circuits (ICs) are produced.  

Currently, NXP Nijmegen operates approximately seven hundred machines, each contributing to the 

production of various types of 200-millimeter IC wafers. These machines are distributed across two floors 

of the manufacturing plant ICN8, where they are operated in coordination to produce the IC wafers. 

Operators and robots transport lots (vacuum-sealed boxes that can hold up to 25 IC wafers) from machine 

to machine until the IC wafers are finished. Producing a single wafer involves a complex process and takes 

several days to complete.  

NXP Nijmegen strives to maximise profit by meeting quantity and quality targets at the lowest possible 

cost. The company continuously seeks to improve its production process by optimising resource 

distribution to achieve these goals effectively. Key factors that NXP can assign to maximise efficiency 

include the types and number of machines that must operate each day and the number of operators 

needed for those machines. However, assigning the right resources in advance is challenging due to the 

lengthy and complex production process, the variety of wafer types, and the movement of lots through 

approximately seven hundred machines, where numerous events can occur that disrupt the process. 

Nevertheless, NXP needs to distribute the resources, which is why NXP acquired the simulation program 

AutoSched Advanced Processing (ASAP) in 2016. 

1.2. The core problem 
NXP values the ASAP program for its ability to generate simulations that forecast the future behaviour of 

the production process at ICN8. By using accurate simulations, NXP can identify bottlenecks and solve 

them through resource allocation. This approach streamlines the production process, which increases 

overall efficiency and reduces costs. 

Despite ASAP’s potential, the current model falls short of accurately simulating the production process of 

ICN8, resulting in significant deviation from the actual output. These deviations lead stakeholders to make 

incorrect decisions regarding resource allocation. To improve decision-making, stakeholders require a 72-

hour model that simulates cap groups moves with an average absolute deviation of no more than 5% from 

the actual results. This level of accuracy is essential to identify and resolve bottlenecks before they cause 

problems in the production process.  

Thus, the core problem is: The ASAP model of NXP cannot forecast bottlenecks because it has an average 

absolute daily deviation of more than 5% from the actual moves. 

1.3. Research problem and objective 
Since 2016, several engineers have attempted to improve NXP’s ASAP model. Despite efforts, the model 

remains inaccurate, resulting in low stakeholder confidence. For shareholders to use the model effectively 
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and pinpoint future bottlenecks, it must forecast cap group moves with an average absolute daily deviation 

of no more than 5% in 72-hour simulations. Prior to the start of this thesis, the accuracy of the model was 

unclear, though it was known to be insufficient. To achieve the 5% target, NXP needs to identify the details 

that the existing model currently lacks and determine the necessary adjustments for more accurate 

simulations. This research aims to support NXP in this effort by identifying ways to validate and improve 

NXP’s ASAP model. 

1.4. Research questions 
To improve NXP’s ASAP model, potential changes that can benefit the model should be found and validated. 

The primary research question is: 

• How should the ASAP model be modified to improve 72-hour simulations based on daily moves 

per cap group? 

The main focus of the thesis is to understand and enhance the ASAP model for NXP’s entire production 

process and validate the impact of these changes on the its accuracy. To achieve this goal, the following 

sub-questions are stated: 

1) How can the ASAP model impact the production process of ICN8? 

a) What is ASAP? 

b) How does the production process of ICN8 work? 

c) How does NXP utilise ASAP? 

2) How does the ASAP model of NXP function? 

a) What data does the ASAP model of NXP utilise to simulate? 

b) How accurate is the current 72-hour ASAP model? 

3) What adjustments could improve the ASAP model? 

4) How do the results of the modified model compare to those of the older model? 

5) What benefits arise from the modified ASAP model? 

a) What impact does the modified model have on cost reduction? 

b) What impact does the modified model have on process optimisation? 
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2. Literature review 
Given the complexity of simulating the semiconductor manufacturing process, this section reviews key 

concepts necessary for understanding the context and scope of this thesis. The main areas covered in this 

section include the manufacturing process of semiconductors, modelling a production process, and the 

program AutoSched Advanced Processing. These concepts provide a foundational understanding of the 

practical and theoretical aspects necessary for modifying the ASAP model. 

2.1. Manufacturing process of a semiconductor 
Producing semiconductors is a complex process involving multiple manufacturing steps. The process 

begins with the creation of wafers, which are typically composed of nearly pure silicon(From sand to silicon 

"Making of a chip" illustrations, 2011). Silicon is extracted from sand, which contains about 25% silicon 

and is the second most abundant chemical element in the Earth's crust. Since sand consists of both oxygen 

and silicon, pure silicon can be obtained by melting the sand until the molten substance is nearly pure 

silicon. This molten substance is then formed into monocrystalline silicon ingots. These ingots are 

eventually cut into very thin plates and polished, resulting in the wafers. 

Once a wafer is prepared, an integrated circuit (IC) is fabricated on the wafer. NXP Nijmegen is one of the 

companies that is capable of producing IC wafers. IC wafers consist of multiple layers that are applied to 

the wafer one at a time. For each layer added on the wafer, the wafer passes through multiple tools, 

involving hundreds of production steps per wafer(From sand to silicon "Making of a chip" illustrations, 

2011). 

The process begins by applying an oxidation layer and a photoresist layer to the wafer (From sand to silicon 

"Making of a chip" illustrations, 2011). A mask with the designed circuits is then used to precisely remove 

the photoresist layer through photolithography. In addition to removing the photoresist layer of the circuit, 

the oxidation layer of the circuit design is also removed through dry or wet etching. Although both 

techniques achieve similar results, dry etching is more precise but is also more expensive(Geng & Zhou, 

2004). Once the etching step is completed, the remaining photoresist layer is removed, leaving behind a 

circuit pattern. 

After the etching process, the wafer undergoes the deposition and ion implantation processes to enhance 

the conductivity of the wafer (Geng & Zhou, 2004). The wafer then moves to the metal department, where 

metal wiring is added to enable electrical connectivity through the circuit on the wafer. After the wiring is 

adjusted, ions are placed on the layer and the layer is re-polished to ensure it is smooth enough. This 

process is repeated until all layers are added. 

Finally, the wafer is tested using electrical die sorting to verify if the wafer is fabricated correctly. This step 

is performed at NXP Nijmegen before the IC wafer is shipped to other facilities in Asia (Geng & Zhou, 2004). 

Outside of NXP Nijmegen, semiconductors are produced from IC wafers. This stage involves retesting the 

wafers, cutting them into pieces, and packaging them (Seon, 2017). The packaged semiconductors are 

then subjected to final testing before they are ready for use. 
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2.2. Modelling an IC wafer production process 
Modelling the IC wafer production process in a semiconductor plant can offer significant benefits to the 

company. Accurate modelling enables stakeholders to monitor the plant’s status and optimise resource 

utilisation, increasing production efficiency and reducing operational costs (Ramirez-Hernandez, Li, et al., 

2005). Given the substantial revenue generated by a semiconductor plant, even minor improvements in 

efficiency can lead to considerable profits (Hunter, Delp, et al., 2002). Additionally, since wafers are 

expensive products that can easily turn into scrap due to disruptions and delays, minimising bottlenecks 

through effective modelling reduces waste and increases profitability further (Bettayeb, Bassetto, et al., 

2014). 

Accurately modelling the production process of IC wafers is a complex challenge(Hunter, Delp, et al., 2002). 

Manufacturing a wafer involves hundreds of production steps, each performed by numerous diverse 

machines, making it difficult to get an overview of the entire production process. At ICN8, NXP's Dutch 

semiconductor plant, this challenge is even more complicated as only parts of the ICN8 fab are designed 

to optimise transport, due to the complex extensions of the factory over the years. This layout of machines 

causes lots to travel long distances across the plant, complicating the task of gaining an overview of the 

entire production process. 

ICN8 is especially interested in modelling both the plant as a whole and the individual cap groups. The 

advantage of modelling the entire plant is that such a model can provide relatively accurate results of the 

plant’s inputs and outputs. These data can be used to make informed decisions about ramping up or down 

production to meet demand (Klein & Kalir, 2006). On the other hand, simulating individual cap groups 

allows for identification of potential bottlenecks before they become problematic (Kusters, 2021). This 

information is beneficial because it gives the stakeholders the ability to take countermeasures to prevent 

disruptions. 

Both simulation models are difficult to develop, yet simulating at the cap group level requires a higher 

level of precision to be effective. Unlike plant-level simulations, where deviations can often offset one 

another, cap group level simulation demands highly accurate data, as even minor inaccuracies can obscure 

bottlenecks in the model. Achieving this level of precision is especially difficult because certain variables 

are almost unpredictable. As a result, assumptions play a significant role in determining the accuracy of 

the simulation results, which are crucial for identifying bottlenecks (Kiba, Lamiable, et al., 2009). 

2.3. AutoSched Advanced Processing 
As described in the previous subsection, large amounts of data are required to accurately simulate the 

production process of IC wafers. The vast amount of data is necessary due to the complexity of the 

semiconductor plant, where numerous variables influence the overall behaviour of the production process. 

This complexity, in combination with unpredictable data, poses significant challenges for an effective 

simulation (Taylor, 2005). 

While many simulation programs exist for general manufacturing processes, most cannot effectively 

simulate semiconductor plant operations due to the large amount of data involved (Taylor, 2005). This, 

causes the simulation models to produce outcomes that does not reflect reality and cannot be used. 

  



Simulating the Semiconductor Manufacturing Process through AutoSched Advanced Processing 
 

  14   
 

Applied Materials has developed AutoSched Advanced Processing (ASAP) specifically to simulate the 

complex production process of a semiconductor plant, providing more accurate and detailed results 

compared to general programs(Ping, Liow, et al., 2007). Multiple semiconductor factories worldwide rely 

on ASAP because it can handle the large volumes of data that are required to effectively simulate a 

semiconductor plant. Since 2016, NXP Nijmegen has utilised ASAP. While NXP's ASAP model can 

sufficiently simulate the production process of ICN8 at the overall plant level, it does not provide the 

individual cap group results needed for the stakeholder to proactively manage future bottlenecks (Kusters, 

2021)  

The data used for AutoSched AP can be extracted from Advanced Productivity Family (APF) (Tien, Teck, et 

al., 2006), a program that is also used by NXP for continuous data collection and updates. Each ASAP 

simulation run uses the latest information, enhancing the accuracy of the results. 
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3. Methodology 
This section outlines the research design, data collection methods, and analysis techniques used to achieve 

the study’s objectives. A methodology ensures that the research is systematically structured and reliable. 

A robust methodology not only enhances clarity and reliability of the paper but also ensures that the study 

is effectively managed. Given the large quantities of data involved, structuring these dataset are crucial as 

it minimises errors, thereby enhancing the credibility of the study. 

3.1. Quantitative research approach 
The research problem focuses on improving the existing ASAP model to identify future bottlenecks in the 

production process at ICN8. To improve the model effectively, research must be conducted on multiple 

areas, including ICN8’s production process, simulating a semiconductor plant, and the workings of ASAP. 

A quantitative research approach is beneficial for this type of research due to the vast amount of data 

used, the need for replicable results, and the necessity for statistical comparison (Creswell, 2014). The 

most suitable research method for this thesis is the experimental research method, as it evaluates how 

changes in variables within the existing model affect performance and can be used to determine how the 

model can be improved. 

3.2. The methods and data collection techniques 
To develop and validate the new model, several data collection methods must be applied. Important data 

collection techniques include literature research, observational studies, and experiments(Creswell, 2014). 

These methods are needed to gather information about NXP and ASAP. 

3.2.1. Literature research 
By conducting a literature study, knowledge can be obtained from other researchers who have conducted 

research in similar fields. This includes information about the production process of semiconductors, the 

workings of ASAP, and findings of other model engineers that work with ASAP. The literature research also 

aids in saving time by utilising prior findings, avoiding redundant efforts. 

3.2.2. Observational studies 
Observational studies will be conducted to analyse the performance of the existing ASAP model by 

comparing previous simulation outputs with real-world data from ICN8. Comparing the model and real 

data is necessary to identify the underlying causes of its poor performance. This step is critical for 

understanding why the existing model’s forecast deviates significantly from the actual moves. 

3.2.3. Experiments 
To analyse the new changes made to the older model, samples must be generated by running the new 

model under the same conditions as the existing model. The samples are necessary to compare the results 

of both models to reality. By comparing how the results of both models align with reality, the impact of 

changes to the new model can be observed. This experimental approach will provide the necessary data 

to determine the effectiveness of the model improvements. 
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4. ICN8 efficiency gaps and ASAP’s role at NXP 
The main objective of this thesis is to improve the forecasting performance of NXP’s ASAP model. To 

emphasize the importance of this project, the current inefficiencies in ICN8’s its operations are highlighted, 

along with an explanations of how ASAP is used to minimize these inefficiencies. These insights justify the 

need for carrying out this thesis and illustrate the potential impact on NXP’s production efficiency. 

4.1. The inefficiencies of ICN8 
Like many manufacturing facilities, ICN8 faces inefficiencies that prevent it from operating at its maximum 

capacity. These inefficiencies arise from factors such as tool breakdowns, human errors, and machine 

performance. By correctly allocating resources, which can be done with the help of ASAP, many of these 

inefficiencies could be mitigated. To determine the potential areas of improvement that can be impacted 

by ASAP, we examine the specific inefficiencies at ICN8.  

One effective method to measure process inefficiency for each machine is through the Overall Equipment 

Effectiveness (OEE) (Ferko & Znidarsic, 2007), which is calculated in equation ( 1 ). The OEE formula 

normally consists of three metrics:  

1. Operation rate (𝑂𝑟): The percentage of time the machine is actually processing. 

2. Performance rate (𝑃𝑟): The percentage of the actual processing speed compared to the optimal 

processing speed. 

3. Quality rate (𝑄𝑟): the percentage of successful executed process steps. 

𝑂𝐸𝐸(∆𝑇) = 𝑂𝑟(∆𝑇) ∗ 𝑃𝑟(∆𝑇) ∗ 𝑄𝑟(∆𝑇) 

( 1 ) 

NXP currently collects these data for each cap group (𝑐) and tool (𝑡) on both a daily and yearly basis. 

Because machine inefficiencies fluctuate daily, the annual inefficiencies per tool (∆𝑇)  is used. By 

calculating the OEE for each tool, we can gather the necessary information to determine the Overall 

Factory Efficiency (OFE) of ICN8 (Ferko & Znidarsic, 2007). This provides a clear and reliable overview of 

the facilities inefficiencies. 

The operation rate and the availability rate (𝐴𝑟)  are typically combined as part of the operation rate. 

However, NXP separates these metrics and uses the following formula to calculate the Overall Equipment 

Effectiveness per tool (𝑂𝐸𝐸𝑡) (Heukelom, 2020), as is stated in equation ( 2 ). Here, NXP refers to the 

availability rate as the percentage of time the machine is available for processing and the operation rate 

as the actual processing time of the machines against the available processing time. 

𝑂𝐸𝐸𝑡(∆𝑇) = 𝐴𝑟𝑡(∆𝑇) ∗ 𝑂𝑟𝑡(∆𝑇) ∗ Prt(∆𝑇) ∗ 𝑄𝑟𝑡(∆𝑇) 

( 2 ) 

The following formulas are used by NXP to calculate all necessary metrics in equation ( 2 ) (Heukelom, 

2020). 

Availability rate 

The availability rate, displayed in equation ( 3 ), is the average percentage of available time across all shifts 

(𝑠) for a tool. Here, the equipment time is the total time of a shift, whereas the available equipment rate 
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(𝑎𝑒)  refers to the percentage of time the machine is available for operation, which is calculated in 

equation ( 4 ). 

𝐴𝑟𝑡 =
∑ (𝑎𝑒𝑡,𝑠 ∗ 𝑒𝑞𝑝𝑡𝑖𝑚𝑒𝑠)𝑠

∑ (𝑒𝑞𝑝𝑡𝑖𝑚𝑒𝑠)𝑠
 

( 3 ) 

The total equipment uptime can be divided into unscheduled downtime ( 𝑢𝑑𝑡𝑖𝑚𝑒 ) and scheduled 

downtime (𝑠𝑑𝑡𝑖𝑚𝑒). Unscheduled downtime refers to the tool downtime caused by unplanned events, 

such as machine breakdowns and maintenance delays. Scheduled downtime, on the other hand, refers to 

the time a tool is unavailable due to planned maintenance for inspection and repairs. 

𝑎𝑒𝑡,𝑠  =
𝑒𝑞𝑝𝑡𝑖𝑚𝑒𝑡,𝑠 − 𝑢𝑑𝑡𝑖𝑚𝑒𝑡,𝑠 − 𝑠𝑑𝑡𝑖𝑚𝑒𝑡,𝑠

𝑒𝑞𝑝𝑡𝑖𝑚𝑒𝑡,𝑠
=  

𝑒𝑞𝑝𝑢𝑝𝑡𝑖𝑚𝑒𝑡,𝑠

𝑒𝑞𝑝𝑡𝑖𝑚𝑒𝑡,𝑠
 

( 4 ) 

Operation rate 

The operation rate is the average percentage of uptime during which the equipment is actually processing 

( 5 ). The rate of the actual processing time is calculated for each tool based on its assigned shift. Equipment 

uptime refers to the time a machine is able to process, and lost time refers to the time a machine is not 

processing, while it could process.  

𝑂𝑟𝑡 =
∑ (𝑒𝑞𝑝𝑢𝑝𝑡𝑖𝑚𝑒𝑡,𝑠 − 𝑙𝑜𝑠𝑡𝑡𝑖𝑚𝑒𝑡,𝑠)𝑠

∑ (𝑒𝑞𝑝𝑢𝑝𝑡𝑖𝑚𝑒𝑡,𝑠)𝑠
 

( 5 ) 

Performance rate 

The performance of a machine is influenced by the processing speed and the average size of the batch. 

When batches are incomplete or machines process below the optimal (gold) standard, the machine is 

performing below its maximum potential. NXP calculates the performance rate for each tool using the 

performance rate formula ( 6 ). 

Prt =
∑ (𝐵𝑎𝑡𝑐ℎ𝑠𝑖𝑧𝑒𝑡,𝑠)𝑠

∑ (𝐺𝑜𝑙𝑑𝑒𝑛𝐵𝑎𝑡𝑐ℎ𝑠𝑖𝑧𝑒𝑡,𝑠)𝑠
∗

∑ (𝐺𝑜𝑙𝑑𝑒𝑛𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑡𝑖𝑚𝑒𝑡,𝑠)𝑠

∑ (𝑃𝑟𝑜𝑐𝑒𝑠𝑠𝑡𝑖𝑚𝑒𝑡,𝑠)𝑠
 

( 6 ) 

Quality ratio 

In ICN8, processes can be incorrectly executed, leading to rework, where wafers must undergo the same 

process. These reworks cause delays which can be calculated using the quality ratio in equation ( 7 ). 

Effective equipment time refers to the total time the machine is effectively processing, while rework time 

refers to the time a machine has to do rework caused by quality delays. 

𝑄𝑡 =
∑ (𝑒𝑞𝑝𝑒𝑓𝑓𝑡𝑖𝑚𝑒𝑡,𝑠 − 𝑟𝑒𝑤𝑜𝑟𝑘𝑡𝑖𝑚𝑒𝑡,𝑠)𝑠

∑ (𝑒𝑞𝑝𝑒𝑓𝑓𝑡𝑖𝑚𝑒𝑡,𝑠)𝑠
 

( 7 ) 
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In summary, NXP calculates the OEE for each tool and cap group by multiplying all loss factors together. By 

analysing efficiency metrics at each step, it becomes evident where the inefficiencies in ICN8 lie. For the 

cap groups, the OEE is determined by summing the fractional inefficiencies of each tool within the cap 

group and multiplying these summations. Using the same mathematical approach for all machines of ICN8 

(N), the Overall Factory Efficiency (OFE) can be calculated. This results in the following equation ( 8 ):  

𝑂𝐹𝐸 = ∑(𝐴𝑟𝑡

𝑁

𝑡=1

∗ 𝑊1𝑡) ∗ ∑(𝑂𝑟𝑡

𝑁

𝑡=1

∗ 𝑊2𝑡) ∗ ∑(𝑃𝑟𝑡

𝑁

𝑡=1

∗ 𝑊3𝑡  ) ∗ ∑(𝑄𝑟𝑡

𝑁

𝑡=1

∗ 𝑊4𝑡) 

( 8 ) 

Equation ( 8 ) is complex but essential for calculating efficiencies based on the fraction of remaining 

possible moves per tool. The calculation is crucial for two main reasons: 

1) Tools vary in their ability to execute moves. As a result, the number of possible moves per tool 

differs. For example, if a fab consists of two tools where machine A could potentially execute 1000 

moves per day while machine B can only handle 10 moves per day, an inefficiency in machine A 

would have a larger impact on the total number of executed moves in the fab. To address this, a 

weight is assigned to each machine based on the maximal number of moves it can perform. 

2) The inefficiencies are based on the remaining efficiency of the machines. For example, in a fab 

where machine A is capable of making 1000 moves per day and machine B of 10 moves per day, 

machine A would account for approximately 99 percent of the total amount of moves, while 

machine B would account for just 1 percent. If the availability rate of machine A is 1 percent and 

machine B is 100 percent, then machine A would only be available to make 10 moves, matching 

the 10 moves that machine B can execute. As the remaining number of possible moves is equal 

for both machines in this case, the operator efficiency of both tools would have an equal effect on 

the overall fab efficiency. This example illustrates the importance of continually updating the 

fractions for calculating each efficiency level.  

The fraction of tools in the fab, denoted as (𝑊), is calculated using the formulas in equations ( 9 ), ( 10 ), 

( 11 ), and ( 12 ) and must be updated as efficiency changes: 

𝑊1𝑡 =
𝑚𝑜𝑣𝑒𝑠𝑡

𝑡𝑜𝑡𝑎𝑙 𝑚𝑜𝑣𝑒𝑠
 

( 9 ) 

𝑊2𝑡 = 𝑊1𝑡 ∗ 𝐴𝑅𝑡  

( 10 ) 

𝑊3𝑡 = 𝑊2𝑡 ∗ 𝑂𝑟𝑡 

( 11 ) 

𝑊4𝑡 = 𝑊3𝑡 ∗ Prt 

( 12 ) 
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By using these formulas, the OFE of ICN8 can be calculated. The results obtained illustrate the financial 

benefit and importance of ASAP, though specific values remain confidential. Instead, inefficiencies are 

listed in order from largest to smallest, as shown in Table 1. 

Table 1 Inefficiencies ICN8. 

Efficiency factor Efficiency ranking 

Quality rate (most efficient) 1 

Availability rate 2 

Performance rate 3 

Operation rate (least efficient) 4 

 

Table 1 shows that the largest contributor to inefficiency at ICN8 is the operation rate, mainly due to 

operator inefficiency and underutilised machines caused by the product mix (different types of 

semiconductors produced) (Yon-Chun & L. Hsuan, 2000). The second-largest contributor to overall factory 

inefficiency is the performance rate, which is impacted by incomplete batches and delays from aging 

machines. Availability ranks third, which is impacted by equipment breakdowns and maintenance delays. 

Lastly, there are some inefficiencies in the fab caused by rework. 

4.2. NXP’s use of ASAP 
A simulation program such as ASAP that forecasts future process behaviour is especially useful for 

improving planning and resource allocation. Enhancing these areas can significantly boost the availability 

rate and the operation rate, leading to a positive impact on the efficiency of ICN8. The operation and 

availability rates represent the largest and third-largest inefficiencies of ICN8, as shown in Table 1.  

The availability rate is influenced by both unplanned and planned maintenance. Although ASAP cannot 

directly address inefficiencies caused by machine breakdowns, it can assist in optimising maintenance 

planning. By scheduling machine maintenance at optimal times, additional bottlenecks can be prevented, 

resulting in a more efficient production process. Currently, ASAP helps determine the best timing for 

machine maintenance to minimise disruptions to ICN8’s production process. 

Moreover, ASAP also positively influences the operation rate. During the daily CRITO (Critical Tools) 

discussions, stakeholders allocate resources, such as operators and machines, to optimise production and 

meet targets. The 72-hour model of ASAP is one of the programs that provide insight into ICN8’s upcoming 

performance. The model currently forecasts the daily future number of moves per cap group, the daily 

completed number of lots, the placement of the lots, and the WIP (Work-in-progress) per cap group, which 

indicates the number of lots that are waiting to be processed by a cap group. The more accurate the ASAP 

model, the better-informed stakeholders’ decisions become, resulting in better resource distribution and 

a higher operation rate.  
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5. The working and performance of NXP’s ASAP model 
Since 2016, NXP has focused on developing an ASAP model to simulate the production process of ICN8. 

The program ASAP was chosen, as it is specially designed to model the production processes of a 

semiconductor plant using real-time data. ASAP is particularly valuable due to its ability to identify 

potential bottlenecks before they occur, providing NXP with crucial insights to address these issues 

proactively, which increases overall efficiency. 

5.1. Working of ASAP 
The goal of ASAP is to simulate the maximum possible number of moves within a production system while 

meeting targets and respecting constraints. Using the provided input data, ASAP conducts a single 

simulation over a defined period to determine the daily number of moves made per machine. 

ASAP operates through multiple interconnected text files that contain information about the initial status 

of the plant and anticipated future events, such as breakdowns, maintenance, and production targets. The 

core file in this setup is the “option.rdf” file, which directs ASAP on which files to use and how to interpret 

their data.  

Essential files that are required for a simple simulation include the order.txt, part.txt, route.txt and stn.txt 

files. These files, like all files within ASAP, are connected to each other, for example: 

• The order.txt file outlines the production targets by specifying the types of products that need to 

be produced. 

• The part.txt file determines the route of processes required to produce each type of product.  

• The route.txt specifies the individual processes that are included within each route. Here the 

recipe, process time and cap group are assigned to each step. 

• The stn.txt file contains information about which machines are capable of executing the processes. 

The connections between these files are illustrated in Figure 1.  

 

Figure 1 Connection between ASAP files. 

Other important files contain information about tool status, number of tools, process capacity, tool failure 

probability, tool repair time, tool types, chambers per tool, rework levels (child lots), wafer priorities, 

operator efficiency, number of available operators, storage size, lot size, lot status, plant layout, product 

mix, process capability, planned maintenance, wafer arrival rate, production step time, wafer type recipe, 

travel times and holds (Ramirez-Hernandez, Li, et al., 2005) (Miller, 1990). The files in which these 

functions are assigned can be found in Appendix A.1. 

After running the ASAP model of NXP, the output data will include the key performance indicators (KPIs) 

necessary to make effective decisions. These KPIs include work in progress (WIP), cycle time, machine 

utilisation and moves per cap group(Ramirez-Hernandez, Li, et al., 2005). 
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5.2. Generated input data 
At NXP’s ICN8 plant, real-time data are collected from all machines, lots, and orders. Initially, this raw data 

is unstructured and lacks explanations. Over time, employees convert this raw data into a structured, 

readable format suitable for modelling purposes. Eventually, the data can be automatically converted, 

updated and stored in APF. The existing ASAP model used by NXP relies on the information stored in APF, 

which provides the organised and up-to-date data necessary to execute simulations. Figure 2 shows the 

data files, totalling approximately 55 MB, required to run a single ASAP simulation. 

 

Figure 2 Input data existing ASAP model. 

5.3. Output data 
By running a single simulation on NXP’s ASAP model, multiple sets of output data are generated that can 

be used by stakeholders. This includes information on the predicted behaviour of machines, lots, work-in-

progress (WIP), and on-time deliveries, as shown in Figure 3. The simulated output is then converted into 

a format usable by stakeholders to make decisions during the CRITO discussion. The capgroup.rep file is 

particularly important for this thesis, as this file shows the number of forecasted moves by ASAP per cap 

group. 

 

Figure 3 Overview output files. 

In addition to the report files, data can also be observed through a Gantt viewer, as can be seen for 

machines in Figure 4. The Gantt viewer is an additional function that continuously displays the status, 

process and placement of lots or machines over a specified period. The legend is described in Appendix 

A.2. 
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Figure 4 Gantt viewer example ASAP. 

5.4. The accuracy of the existing model 
Before improving the ASAP model of NXP, it is essential to evaluate its current effectiveness in simulation. 

Here the simulated moves for both ICN8 as a whole and the individual cap groups of ICN8 are compared 

to the actual moves, as these simulation results are most valuable for NXP. Stakeholders who use ASAP 

have reported that, while ASAP provides sufficient results for ICN8 as a whole, its simulations for individual 

cap groups are insufficient for identifying bottlenecks. 

To assess the accuracy of the ASAP model, the daily number of simulated moves by ASAP over a 72-hour 

simulation period during 2023 will be compared to the actual results of 2023 for both ICN8 as a whole and 

individual cap groups. Due to IT issues encountered during the generation of the 72-hour model, the first 

three days of the historical 14-day model are used as an alternative to the 72-hour model. According to 

NXP, the models are the same but are configured slightly differently. Therefore, the results are comparable 

and valid for use in the validation process. 

To calculate the model’s accuracy, we exclude the worst 5% of samples. This decision is based on the fact 

that some samples are influenced by events such as fab stops and voltage dips, which cause extreme 

outliers that the ASAP model does not take into account. 

We evaluate the model’s accuracy based on its ability to forecast the daily number of moves per cap group. 

Because the scales of moves vary greatly between cap groups, the mean absolute percentage error (MAPE) 

(Khair, 2017)method will be used, as can be seen in equation ( 13 ), to calculate the accuracy of the model 

for each cap group (c) on each day (d). 

𝑀𝐴𝑃𝐸𝑑,𝑐 =
|𝑟𝑒𝑎𝑙 𝑚𝑜𝑣𝑒𝑠𝑑,𝑐 − 𝐴𝑆𝐴𝑃 𝑚𝑜𝑣𝑒𝑠𝑑,𝑐|

𝑟𝑒𝑎𝑙 𝑚𝑜𝑣𝑒𝑠𝑑,𝑐
∗ 100% 

( 13 ) 

The downside of using MAPE is that it cannot handle zeros and can exaggerate the impact of outliers. 

Although the most extreme 5% of events, such as fab stops or voltage dips, are excluded, smaller cap 

groups may still encounter situations where the number of moves is very small or zero. For example, if 

only a single actual move is made and 51 moves are forecasted, MAPE would yield a 5000% error, making 

the impact of the result on the average out of proportion.  

To counteract this issue, the total deviation of ICN8 is based on the average cap group, with a weight added 

to all cap groups based on the number of moves made in 2023. The weight ensures that the average 

deviation is based on the number of moves made rather than on the deviation per cap group. Furthermore, 

the focus is placed on the results of the 35 cap groups that make the most moves, which together 

accounted for 80% of the moves made in 2023. The remaining cap groups make too few moves, leading 
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to excessive extreme deviations in the MAPE calculations, causing the results of the smaller cap groups to 

be disproportionate (Goodwin, 1999). 

Since no validation model is perfect, the average daily number of deviated moves for the fab as a whole, 

along with the average sum of deviations per individual cap group, is also calculated to provide further 

insight. While this result does not directly indicate the model’s accuracy, it offers additional insight when 

comparing this model to future modified versions. 

The accuracy model with the calculations and results are detailed in Appendix B. The most valuable results 

are stated in Table 2. 

Table 2 ASAP result 2023. 

ASAP performance over 2023 
Average absolute total moves deviation per day (all data) 843% 
Average absolute total moves deviation per day (best 95% data) 15.1% 
Average total moves deviation per day (best 95% data) 14.7% 
Average number of over forecasted moves per day (best 95% data) 1983 
Average absolute moves deviation per cap group for 35 largest cap groups (best 95% data) 15.8% 
Average absolute number of moves deviated per cap group for 35 largest cap groups (best 
95% data) 

3183 

Median absolute moves deviation per cap group for 35 largest cap groups (best 95% data) 14.9%  
Median absolute moves deviation per cap group for all cap groups (best 95% data) 17.3% 

 

As anticipated by NXP stakeholders, the ASAP model failed to meet the target of a 5% average absolute 

move deviation per cap group. For 2023, the model demonstrated an absolute deviation of 15.8% per 

cap group for the 35 largest cap groups, which is three times higher than NXP’s target. 

Additionally, while the daily move deviation of ICN8 as a whole is slightly better than the cap group 

deviation, it still has a deviation of 15.1%. This is concerning because engineers had previously assumed 

that these deviations would be much smaller due to the fact that the overshoot and undershoot of cap 

groups would balance each other out. However, this assumption proved to be inaccurate. 

Furthermore, using the median values of the results, it is evident that the remaining 20% of moves increase 

the overall deviation from 14.9 to 17.3 percent. Although this significant difference is influenced by the 

exaggeration of some cap groups, it indicates that smaller cap groups are more difficult to forecast 

accurately compared to the larger cap groups. 

Lastly, the necessity of excluding the worst 5% of data becomes apparent. When including all data, the 

extreme deviations cause the model to have an average accuracy that is out of proportion (843% for whole 

fab simulations). By excluding the 5% worst data, the average deviation of the largest cap groups is 15.1%, 

which is close to the median cap group deviation of 14.9%. This indicates that it is unnecessary to exclude 

more data as the most extreme deviations are removed for the largest cap groups. 

In figures 5 and 6 below, the deviations per sample per cap group of the 35 largest cap groups in the 2023 

model:  
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Figure 5 Absolute deviation biggest cap groups. 

 

 

Figure 6 Deviation biggest cap groups. 

Figures 5 and 6 illustrate the deviation results for each cap group, with the largest cap groups on the left 

to the smallest cap groups on the right. As can be observed, the model’s performance varies significantly 

across different cap groups. Especially the cap groups MV00 and MP12 exhibit extreme deviations. The 

data indicates a clear trend: The smaller the cap group, the worse the simulation results produced by ASAP. 

Additionally, as shown in Figure 6, most cap groups tend to overpredict, which further explains why the 

simulation results of ICN8 as a whole have a large move deviation.  
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5.5. Findings from the original model 
Since 2016, NXP engineers have made significant efforts to improve NXP’s ASAP model, implementing 

multiple changes over the years. These enhancements have resulted in a model that even the program 

developer, AMAT (Applied Materials), finds impressive. However, the results indicate that the current ASAP 

model falls significantly short of meeting NXP’s 5% target for simulating absolute moves at the cap group 

level. The following conclusions can be drawn from the findings: 

1) Simulation ICN8 as a whole: Excluding the worst 5% of outliers caused by circumstances such as 

fab stops or sudden breakdowns during 2023, the 72-hour simulation model of ASAP was able to 

simulate the total number of daily moves with an average absolute deviation of 15.1% per day. 

 

2) Simulating individual cap groups: Excluding the worst 5% of outliers caused by circumstances such 

as fab stops or sudden breakdowns during 2023, the 72-hour simulation model of ASAP was able 

to simulate the moves per cap group with an average absolute deviation of 19.7% per day. 

 

3) Overprediction tendency: The model tends to overpredict. During 2023, the model forecasted, on 

average, 14.7% more moves than the actual moves. 

 

4) The smaller the cap groups, the larger the deviation: There is a clear trend that shows the fewer 

moves a cap group makes, the larger the deviation between the simulated moves of ASAP and the 

actual moves. 
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6. Assessing modifications 
The primary goal is to improve the forecasting accuracy of NXP’s ASAP model. By analysing and comparing 

potential areas for improvement, the most promising components are identified and validated for further 

development. These components are expected to have a positive impact on the model within the available 

timeframe. 

6.1. Possible modifications 
We identified several components of the existing ASAP model that, if modified, could significantly enhance 

the model’s accuracy and performance. The areas for improvement were determined through research, 

discussions, and observations of the input data. Enhancing these components is expected to improve the 

model’s forecasting accuracy. The identified components include operator behaviour, tool process time, 

lot order, tool chambers, and tool placement (Kusters, 2021). Each of these potential modifications is 

briefly discussed in this subsection. 

6.1.1. Operator behaviour 

The ASAP model of NXP does not account for operators and instead moves lots instantaneously to the next 

machine once the process is completed. This causes the model to overestimate the total number of moves 

made. Previously, engineers tried to forecast operator behaviour through the implementation of idle times 

for each machine. This approach ensures that the machine cannot process while it is idle. However, 

incorporating idle time files has not yet led to an improvement in the model. 

6.1.2. Tool process time 
Currently, the ASAP model assigns process times to production steps based on the average process time 

per cap group. However, there are significant variations between the process times required by different 

machines to perform specific process steps. By incorporating tool process times, the model will more 

accurate simulate tool behaviour. 

6.1.3. Lot order 
The model chooses the lot order to maximise the daily number of moves executed (Rahim, Ahmad, et al., 

2013). This approach results in a relatively high number of forecasted moves on the first day, as the faster 

processes are executed. However, the faster and slower processes are more evenly distributed over the 

days. By implementing changes in how the lots are chosen, the model would better reflect actual 

conditions. 

6.1.4. Tool chambers 
A large number of tools at NXP consist of multiple chambers in which a process can be executed. Most of 

the time, these chambers have distinct characteristics and cannot execute identical steps (Kusters, 2021). 

Currently, the model does not take different chambers into account and instead assigns all functions of 

the tool to all its chambers. Additionally, the model does not account for the possibility that a separate 

chamber can break down, instead assuming that the entire machine is either operational or broken. 

6.1.5. Tool placement 
Producing an IC wafer involves multiple processes, which require the wafer to travel between various tools. 

The time needed to move a wafer depends on the distance between these machines. Currently, the ASAP 

model uses travel times between large areas to estimate the actual travel times between individual 
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machines. Because these areas are relatively large, using historical travel times between specific tools 

rather than entire areas would more accurately reflect real conditions. 

6.1.6. Most promising modifications 
Due to the complexity of the ASAP model and the limited time available, the focus has been placed on 

developing and implementing tool process times and tool idle times. These adjustments are expected to 

improve the model’s forecast accuracy while being feasible within the available timeframe. Despite 

previous unsuccessful attempts to integrate the idle time file, the new effort aims to explore the combined 

impact of idle and process times more effectively. The foundation of the idle time methodology is 

developed in combination with Herwin van Hoof. 

6.2. Process time per tool 
The process time per tool currently used in NXP’s ASAP model is based on the average process time across 

all tools within a cap group. Previously, the decision to assign the average cap group process time to tools 

was based under the assumption that this generalisation would minimally affect the model while 

contributing to a more simplified version of ASAP. 

6.2.1. Potential benefits of incorporating tool process times 
Each machine within ICN8 possesses a unique set of properties, including its location, the number of 

runnable types of processes it can execute, the number of chambers it contains, and process speeds for 

different types of processes. These properties directly influence the machine’s capacity to handle a certain 

volume of moves, making the performance of each machine distinct. 

Currently, ASAP assigns the average process times per cap group to all machines within that particular cap 

group. The effect of generalising process time is neglectable in cases where the difference in process times 

between tools is minimal. However, upon closer examination of historical data, significant differences in 

process times between tools can be observed. This variation is primarily caused by newer machines, which 

often execute certain processes much faster than older machines. Figure 7 illustrates the process times of 

different machines performing the same process step. 

 

Figure 7 Different process times between machines (measured in seconds) as recorded in the SFC file. 

The impact of varying process times becomes especially significant during tool disruptions, such as when 

machines break down or undergo planned maintenance. A disruption of a newer machine with faster 

processing capabilities and more chambers significantly impacts overall process flow compared to a 

disruption of an older, slower machine with fewer chambers within the same cap group. This 

generalisation in process times can lead to an averaging effect within the simulation, causing the impacts 

of individual machine disruptions to be either too small or too large. 

The potential benefit of including tool process times into the ASAP model lies in the ability to better 

capture the effects of the individual tools and allow the model to forecast moves more effectively. 

6.2.2. Input data tool process times 
NXP continuously collects data related to its manufacturing process in ICN8. Among these data are the 
tool process time per process for each machine, which is necessary for the new model. The data is 
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currently stored in a single Excel file named “SFC_date”, which includes detailed information such as the 
process time per machine, the type of process, the number of chambers, and the specific cap group. 
 
The process times in the SFC files are based on the average duration it takes for a lot or batch (group of 
lots) to enter a particular machine successfully, complete its processing, and exit. These data are then used 
to update a single Excel file, which contains the most current process times. As new data are added, older 
data are overwritten, so only the most recent data are stored. 
 
The older ASAP model, which relies on average cap group process times, consistently uses the latest data. 
To ensure the new model remains accurate and consistent, it must also incorporate the most up-to-date 
tool process times. This approach improves forecast accuracy and ensures the model’s replicability. 
 
Although there is no historical data for these process files due to ongoing data overwriting, since July 5 th 
2024, NXP has implemented a new feature within APF to save the older process file versions. Consequently, 
the new model’s sample size is limited to data collected after July 5th 2024. 

6.2.3. process.txt 
According to the beginner’s class notes from Applied Materials (AutoSched AP Beginning Class Notes, 

2007), ASAP allows for the implementation of a so-called process time matrix. This matrix enables the 

specification of process times for each step based on predefined criteria, making it possible to assign 

different process times to individual machines. In addition, the process time matrix is also beneficial as it 

overrides the cap group process time implemented in the route file. As a result, there is no need to modify 

the route file of the older model, as ASAP will automatically prioritise the process time of the process file. 

Furthermore, if a particular step is not incorperated into the matrix, ASAP will use the cap group process 

time from the route file, preventing significant errors. 

The process file is constructed according to the following details, as illustrated in Figure 8: 

• STEP: Specifies the product and the corresponding process step, separated by a colon (“:”). This is 

necessary as different products may have varying times for the same step. 

• STN: The machine (or station) capable of executing the specified step. 

• PTIME: The process time required for the machine to complete the step, using historical process 

data as described in 6.2.2. 

• PTUNITS: The units in which the process time is measured. 

The functionality of all columns is explained in Appendix C. 

 

Figure 8 Process time matrix example. 

Additionally, to enable the use of the process.txt file, the option.def file must be modified accordingly, as 

shown in Figure 9.  
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Figure 9 Turn on process.txt in option.def. 

6.2.4. Preliminary testing of the process.txt file 
To verify the functionality of the process.txt file, we conducted initial testing using a simplified version of 

the ASAP model. This version includes two identical machines, each responsible for processing a large 

number of IC wafers, with each wafer requiring a single processing step for completion. We assigned 

identical properties to both machines, including equal processing times for this step. 

In order to assess the model’s impact, we first ran it without a process.txt file. As shown in Figure 10, both 

machines completed 120 moves in 24 hours, consistent with the route file’s specification that each move 

takes 12 minutes per machine. Additional details of the simplified ASAP model are provided in Appendix 

C. 

 

Figure 10 Simple ASAP result. 

Next, we integrated the process.txt file with updated process times into the simplified ASAP model. In this 

configuration, we set the process times for “LASER_SCRIBE_1” and “LASER_SCRIBE_2” to 10 and 15 

minutes. As shown in Figure 11, the simulation results indicate that the number of moves aligns with the 

specified settings: “LASER_SCRIBE_1” completing 144 moves and “LASER_SCRIBE_2” completing 96 moves 

over a 24-hour period in ASAP. This outcome confirms that the process.txt file correctly overrides the route 

file timings, ensuring machine-specific process times are accurately applied. 

 

Figure 11 Simple ASAP result with process.txt file. 
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6.3. Idle time 
The current ASAP model used by NXP does not incorporate operators. In the model, lots are moved 

instantaneously from one machine to another as soon as processing is complete. However, in reality, 

delays occur in the movement of lots between machines due to human errors and other delays. 

Simulating operator behaviour is challenging because human interactions are difficult to predict. Over the 

past several years, model engineers have made multiple attempts to incorporate operator behaviour into 

the simulation. Despite these efforts, these attempts did not lead to robust improvements in the model’s 

forecast accuracy. Therefore, this subsection focusses on incorporating machine idle times of machines as 

a more effective and robust option for incorporating human influence into ASAP. 

6.3.1. The potential benefit of implementing idle time 
As illustrated in the 2023 results in Figure 6, the model tends to overestimate the number of executed 

moves. This overprediction is primarily caused by the model’s failure to account for operator behaviour, 

leading to the unrealistic assumption that lots move instantaneously between machines. 

In reality, lots often experience delays in movement, contributing to increased idle time for machines. Idle 

time is defined as the percentage of a day when a machine is capable of processing but remains inactive. 

This idle time can fluctuate significantly from day to day and between different machines.  

At ICN8, machines that process quickly and have a relatively high number of chambers tend to experience 

lower idle times. NXP prioritises these machines to maximise their utilisation. In contrast, machines that 

process more slowly and have fewer chambers are given lower loading priority, resulting in a higher idle 

time. 

To address this issue in ASAP and better capture the impact of operator efficiency, we propose 

incorporating idle time into the model. By doing so, we expect the model to generate more accurate results, 

as it now incorporates tool process times, leading to a more realistic representation of machine utilisation 

and cap group performance. 

6.3.2. Input data idle time 
Since 2020, NXP has been continuously gathering machine performance data to create an idle time data 

file. These data are stored in APF, from which the necessary data can be extracted. Figure 12 provides an 

overview of the data from APF that is needed to generate the idle time files. These data includes machine 

Availability Efficiency (AE) and historical idle times. The machine efficiency represents the percentage of 

time the machine is able to operate on a daily basis, whereas the idle time reflects the percentage of time 

the machine is not processing even though it could have been.  

Although the idle time data has been collected since 2020, data on tool process times have only been 

gathered since July 5th 2024, making the process time the limiting factor for generating samples. 
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Figure 12 Historical idle time per machine. 

The idle time data contain outliers due to daily fluctuations and interruptions, such as machine breakdown 

or fab stops. To ensure that the idle times used for the model are reliable and representative, the average 

idle time is calculated over multiple historical days, excluding the outliers. The steps taken to exclude the 

outliers are further highlighted in subsection 7.1.2, which is developed in combination with Herwin van 

Hoof. 

6.3.3. cal_reducecapacity.txt & reducecapacity_attach.txt 
The method for implementing idle time into the ASAP model involves incorporating two new files into 

ASAP: “cal_reducecapacity.txt” and “reducecapacity_attach.txt”.  

In the “cal_reducecapacity.txt” file, the idle time for each machine is specified. These data are entered in 

the MTTR (Mean Time to Repair) column, which represents the amount of time, relative to MTBPM (Mean 

Time Between Preventive Maintenance), during which the machine cannot be used in the model. By 

setting the MTBPM value to 1, the model turns the machine off for an amount of time corresponding to 

the value in the MTTR column. The value in MTTR must be positive and less than 1 (relative to MTBPM): 

• 0 means the machine is never idle and is continuously used for processing. 

• 1 means the machine is always idle and cannot be used for processing. 

The value 1 is chosen for MTBPM as it serves as a convenient reference point, representing the machines 

entire available time or 100 percent.  

Figure 13 illustrates how the file is structured for two machines, where “LASER_SCRIBE_1” is never idle 

and “LASER_SCRIBE_2” is idle for 50 percent of the time. 

 

Figure 13 cal_reducecapacity.txt example. 

The “reducecapacity_attach.txt” file functions as the file where the correct idle time is assigned to the 

appropriate machine. This file is necessary for ASAP, as ASAP needs to know which delays are associated 

with which machines. If the machines within NXP remain the same, the data in this file do not need to be 

changed. Figure 14 shows the structure of the file as it must be written. Here, the names in the CALNAME 

field must match the names in the PMCALNAME field from Figure 13. The explanation of the remaining 

functions of the columns can be found in Appendix C. 
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Figure 14 reducecapacity_attach.txt example. 

6.3.4. Preliminary testing idle time 
To verify the functionality of the idle files, preliminary testing is conducted using the same simplified 

version of the ASAP model without including the process file, as described in subsection 6.2.4. For the 

verification of the idle time effect, an idle time of 0.5 hours per hour is implemented into the 

“LASER_SCRIBE_2” machine, while the “LASER_SCRIBE_1” machine has none, as shown in Figure 13.  

By running the model with the idle time files, where a 50% idle time is assigned to the “LASER_SCRIBE_2” 

machine, the “LASER_SCRIBE_2” machine executed significantly fewer moves. The results, shown in Figure 

15, confirm that the “LASER_SCRIBE_2” machine executed 60 moves instead of the previous 120 moves, 

as expected with an idle time of 50%. Upon closer inspection in the Gantt viewer, in Figure 16, it can be 

seen that “LASER_SCRIBE_2” machine is idle for 50% of the time (indicated in yellow), proving the correct 

functioning of the idle files.  

  

Figure 15 Simple ASAP result with cal_reducecapacity.txt & reducecapacity_attach.txt files. 

 

Figure 16 Gantt viewer idle time. 

6.4. Additional implementations 
In the ASAP model of NXP, step names which are used in the process.txt file include an extra colon for 

readability, separating the step name from the step flow. However, the process.txt file only supports a 

single colon, causing errors when the additional colon is used. To resolve this, after consulting with the 

model engineers, we replaced the extra colon in the step names within the process.txt, wip.txt and 

route.txt file with the “@” symbol. This adjustment allows the ASAP model to function correctly while 

preserving the readability of the step names. 
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7. Implementation modifications into NXP’s ASAP model 
After developing and validating potential modifications in a simplified version of the ASAP model, as 

outlined in section 6, the changes are implemented in NXP’s operational model. This section details the 

integration of tool process times and idle times into the model, describing the steps taken throughout the 

modification process. 

7.1. File generation for the process and idle times 
Generating the process file and idle time files for NXP’s model presents a complex challenge. While the 

simple model of section 6 worked with fabricated input data in a specific scenario, real historical data is 

now used, processed, and applied to all possible cases.  

7.1.1. Implementing tool process times 
To generate an up-to-date process.txt file, data of the process step names, types of products, tools, and 

process times must be integrated. The required input data are stored in two daily-updated files, namely 

the route.txt file and the newly generated SFC file.  

The route.txt file, containing 34713 lines of data, specifies the required cap groups and recipes to execute 

each process step of a product. The SFC file, which contains 25778 lines of data, consist of historical process 

time per machine per recipe, including details about the cap group and number of chambers. To determine 

the time required for machines to execute a particular process, the appropriate machines must be 

matched with the corresponding process. Both the route.txt and the SFC files contain information about 

the recipes and cap groups, enabling ASAP to link the cap group and recipe for each process to the 

machines of that cap group that are capable of performing it. For each combination, all the necessary data 

is available to generate a single line of data for the process.txt file. Once all matches are found and correctly 

placed into the process.txt file, it is complete and ready for implementation. 

Given the large quantity of data involved, we developed a Visual Basic for Applications (VBA) script to 

generate the process.txt files. The code compares each line in the route.txt file with the SFC file to match 

cap groups and recipes. Comparing all possible data points would require the script to go through (34713 

* 25778 = 895 million checks) per process.txt file, which would be time-consuming. Therefore, the SFC file 

is first sorted alphabetically by cap group. The code then narrows down the search within the cap groups.  

By narrowing the search area to the 134 different cap groups, the code now needs to make approximately 

6.3 million checks to find all matches. (895 million / 134 = 6.7 million). With these adjustments, along with 

some other optimisations, the laptop used in this research generates the process.txt file in about 10 

minutes, which is a acceptable timeframe, considering that multiple samples need to be generated for 

validation. 

Whenever there is a match between the two files, the following steps are executed in the code: 

1) The code verifies that the data are error-free. Specifically, the runcard of the SFC file may not 

contain the value “na”. If the runcard entry is “na”, the corresponding data is excluded from the 

process.txt file. 

2) The code ensures that the SFC file contains at least one chamber. Although these data points 

should have already been filtered out during step 1 (removing “na”), this additional check is 

necessary as a safeguard to eliminate any remaining errors. 



Simulating the Semiconductor Manufacturing Process through AutoSched Advanced Processing 
 

  34   
 

3) The historical processing time in the SFC file must be batches-based (average historical process 

time per groups of lots). This batched-based data accounts for almost all data. Exceptions are not 

taken into account due to limited research time. 

4)  The process name (or step name) and product are added to the STEP column in the format: 

(stepname:product), which can be extracted from the route file. As noted in in subsection 6.4, the 

step name must not contain a colon. 

5) The corresponding machine is added to the STN column. 

6) The historical processing time from the SFC file is multiplied by the number of units per batch 

(column UNITS in the SFC file) and then added to the PTIME column. The historical processing time 

reflects the average processing time per lot (multiple lots can be processed at once), but the actual 

processing time per lot should be used instead. For example, if a batch requires 4000 seconds to 

process four lots, the process file indicates that each lot takes 1000 seconds on average. However, 

in reality, each individual lot spends 4000 seconds in the machine. 

7) Lastly, because the processing time is measured in seconds, the term “SEC” is added to the 

PTUNITS column. 

Eventually, whenever the script is executed, it generates a process file containing approximately 120,000 

lines of data. The file must then be saved in the input data list, see Figure 2. Additionally, the option.rdf 

file must be adjusted accordingly, see Figure 9, after which the ASAP model is ready to forecast using the 

tool processing times. A complete description of the code can be found in Appendix D. 

7.1.2. Implementing idle times 
To effectively include idle time in NXP’s model, the idle time file must be developed and updated daily. At 

first, both the cal_reducecapacity.txt and the reduce_capacityattach.txt files need to be developed. Once 

the files are developed, the MTTR column of the cal_reducecapacity.txt must be updated daily to ensure 

the latest data is used to calculate the idle times.  

Although the framework for these files and the option.rdf file has already been incorporated into NXP’s 

model, both files currently lack data and, therefore, have no impact on the model’s outcome. To populate 

both files correctly and apply idle times that reflect real-world conditions, we will use the idle time 

calculations provided by our colleague, Herwin van Hoof. 

The input data for the new model will be similar to that used in the simple ASAP model, as illustrated in 

figures 13 and 14. However, the new model will use stations from the stn.txt rather than the LASER_SCRIBE 

machines. Besides, the MTTR column, which reflects idle time per machine, must be updated daily. 

The forecasted idle time implemented in the MTTR columns will be based on 28 days of historical data 

extracted from APF, as illustrated in Figure 12. The process for updating the idle time for each machine is 

executed by a VBA script and requires the following steps: 

1) Gather historical idle time data from 28 days prior to the simulation for a particular machine with 

an efficiency availability of at least 50%. Historical data samples where the machine availability is 

lower than 50% are excluded as they may represent abnormalities such as breakdown. 

2) Calculate the 80th percentile of the remaining data. This threshold is used to exclude abnormally 

large idle time samples caused by factors such as insufficient operators or variations in IC wafer 

types processed in the fab. By using the 80th percentile, we establish a more realistic and 

representative idle time for the model. 
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3) The maximum idle time per machine that can be implemented into the idle files is capped at 20%. 

Machines with high idle time samples are typically used less frequently and exhibit greater day-

to-day variability. Including these high idle times can negatively affect the model’s performance, 

potentially forecasting unnecessary bottlenecks if the machine usage increases.  

By developing the cal_reducecapacity.txt and reduce_capacityattach.txt files and updating the MTTR 

column on a daily basis, the idle time files will represent accurate data that can be used to increase ASAP’s 

forecast accuracy. The whole code is written in Appendix D. 

7.2. Running the ASAP model 
The next step is to transform NXP’s ASAP model and running the modified version. For this, we use the 

model transformer to modify the 14-day models. Due to IT errors in generating the 72-hour model, we 

used the first 3 days of the 14-day model for testing the samples, as is described in subsection 5.4. This 

approach maintains consistency with the project scope and provides results comparable to those of the 

intended 72-hour model. 

After running both the original and the modified models, no additional errors were encountered. The 

capgroup.rep file, which contains the data used to test moves, as can be seen in section 5.3, was 

successfully updated. Furthermore, a difference in running time between the two models can be observed 

in figures 17 and 18: 

 

Figure 17 Running time old 14 day model. 

  

Figure 18 Running time new 14 day model. 

The new model takes approximately 7% longer to run simulations. However, this is not an issue for NXP as 

the total daily simulation time is still neglectable. Currently, NXP runs 9 required simulations per day, 

totalling a simulation time of around 480 seconds. A 7% increase would add only 34 seconds to the daily 

runtime, which has no impact on operations. 

7.3. Verification of model integrity 
To prevent the introduction of unintended effects on the model from the new files, such as disregarding 

essential data from other files, it is crucial to validate the results. In the case the interactions between the 

files in the new model are unplanned, unwanted results can appear which can lead to misinterpretations, 

and therefore to inaccurate conclusions. Verifying the model’s integrity increases reliability while 

minimising the risk of misinterpretations. 

To confirm that the modified files interact as intended, we configured them to use the same input data as 

the older model. If the simulation results of the new model are identical to those of the older model, it 

confirms that the new files have the intended effect on the model. 
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In the process.txt file, we adjusted the process times for each machine to the average time per cap group 

as stated in the route.txt. Additionally, the idle times in the MTTR column of the cal_reducecapacity.txt file 

are set to zero, indicating that there is no idle time. These modifications ensure that the new model’s files 

contain the same input data as the older model. 

 

Figure 19 Calculated cap group times used in the tool process time file (PTIME). 

 

Figure 20 Set MTTR values to zero. 

After running the new model with adjusted input data, we compared the results in moves per cap group 

with those of the older model. As shown in Figure 21, both models produce identical output results for 

the moves per cap group.  

 

Figure 21 ASAP results old model left and new model with process and idle files right. 

The identical results confirm that the use of the modified files in the model does not introduce unintended 

effects. This verification ensures that the new files function as expected, thereby enhancing the reliability 

of the results. 
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8. Validating the modified model’s results 
We validate the new model’s performance by comparing it against both the old model and real-world 

results. To do this, we generate 30 daily samples from 25 July 2024 to 24 August 2024 using the modified 

14-day model and analyse each sample. Here, we compare the daily deviations in moves for the first three 

days of each sample to ensure the results align with the scope of the 72-hour simulation performance. 

Our assessment focuses on the daily deviation in moves at both the individual cap group level and the 

overall fab level. By examining these deviations, we aim to determine whether the adjustments have led 

to improvements, quantify the impact of the improvements, and identify which cap groups are benefitting 

or adversely affected by the changes. This analysis will offer deeper insights into the new model, 

supporting its implementation and justifying the replacement of the older NXP model. 

8.1. Comparison of the new and old models 
To compare the performance of the new model with the old model, the accuracy of the simulated number 

of moves per cap group in both the new and old models must be compared with the actual executed 

moves per day. We have required data for both the old model, the modified model and actual performed 

moves in identical environments. We have developed a script to automate the process of extracting, 

filtering, and organising the data from multiple sources into a single Excel file for efficient analysis. 

By systematically storing the data from the selected samples, the deviation in moves can be easily 

compared at both the cap group level and the fab level. We present the deviated number of moves from 

the first three days of the validation period at both levels in the following table: 

Table 3 Results 30 samples of 2024 for old and new model. 

Comparing new and older model (best 95% data) Old model New model 

Sum of daily average number of absolute moves deviation 
per cap group for all cap groups 

3811 2307 

Average daily number of total absolute number of 
deviated moves per day 

3099 644 

Number of large cap groups better 7 28 

Number of cap groups better 30 104 

 

When comparing the average performance for both the individual cap groups and the fab as a whole, the 

new model has, on average, 2307 deviated moves, while the older model has 3811. The new model shows 

significantly less deviation compared to the older model. The average deviation per sample shows a 39.2% 

reduction at cap group level and a 79.4% reduction at fab level. The formulas are stated in equations (14) 

and (15), where N is the total number of machines.  

𝑐𝑎𝑝 𝑚𝑜𝑣𝑒 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 =
∑ (1 −

𝑡𝑜𝑡𝑎𝑙 𝑐𝑎𝑝 𝑑𝑒𝑣 𝑛𝑒𝑤 𝑚𝑜𝑑𝑒𝑙𝑡
𝑡𝑜𝑡𝑎𝑙 𝑐𝑎𝑝 𝑑𝑒𝑣 𝑜𝑙𝑑 𝑚𝑜𝑑𝑒𝑙𝑡

)𝑁
𝑡=1

𝑁
= 39.2% 

( 14 ) 
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𝑓𝑎𝑏 𝑚𝑜𝑣𝑒 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 =
∑ (1 −

𝑡𝑜𝑡𝑎𝑙 𝑓𝑎𝑏 𝑑𝑒𝑣 𝑛𝑒𝑤 𝑚𝑜𝑑𝑒𝑙𝑡

𝑡𝑜𝑡𝑎𝑙 𝑓𝑎𝑏 𝑑𝑒𝑣 𝑜𝑙𝑑 𝑚𝑜𝑑𝑒𝑙𝑡
)𝑁

𝑡=1

𝑁
= 79.4% 

( 15 ) 

To further demonstrate the effect of the modifications, the cap group improvement per sample is 

displayed in Figure 22. This indicates that the modifications have a positive impact, with even the least 

successful achieving a 28 percent improvement. 

 

Figure 22 Comparison of deviation in moves between old and new model across samples. 

8.2. Analyse new model performance 
In addition to comparing the new and old models, it is important to analyse why the modified model 

performs better than the older model. The focus will be on visualising the forecast’s accuracy for each cap 

group and evaluating why the modified model achieved better results by comparing the results to the 

older model. For this, the 35 largest cap groups will be compared to each other just as is done in the 

accuracy model in subsection 5.4. 

When comparing the results from the 2023 model, 30 samples of the 2024 model and the 30 samples of 

the modified model, new data are obtained, as can be seen in Table 4. 

 

Table 4 Improvement of modified model. 

Comparing 72-hour model results using best 95% of samples Model 2023 Model 30 
samples 2024 

Modified model 
30 samples 2024 

Average absolute total moves deviation per day (all data) 843% 23.2% 5% 

Average absolute total moves deviation per day (best 95% data) 15.1% 22.3% 4.1% 

Average total moves deviation per day (best 95% data) 14.7% 22.3% 2.2% 

Average number of over forecasted moves per day (best 95% data) 1983 2945 277 

Average absolute moves deviation per cap group for 35 largest cap groups (best 
95% data) 

15.8% 19.1% 11.7% 

Average absolute number of moves deviated per cap group for 35 largest cap 
groups (best 95% data) 

3183 3811 2307 

Median absolute moves deviation per cap group for 35 largest cap groups (best 95% 
data) 

14.9%  19% 10.6% 

Median absolute moves deviation per cap group for all cap groups (best 95% data) 17.3% 21.6% 15.2% 

 

The following conclusions can be drawn from the table: 
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1) There were no voltage dips or fab stoppages during the sampling period. As a result, the model 

did minimally benefit from removing the worst 5% of data since no disruptions occurred during 

the 30 samples. 

2) The model NXP made less accurate forecasts in 2024 compared to 2023. This is caused by frequent 

changes in the fab, leading to periods that were relatively easier or more difficult to forecast. In 

2024, the plant underwent other changes compared to 2023, which caused increased idle time. 

Nevertheless, the modified model performed better than the older model did with the 2023 data. 

3) The modified model showed significant improvement in both the plant level and the cap group 

level. These improvements are also better than the results of the older 2023 model. 

4) The median of the 35 largest cap groups with 95% data is relatively close to the 95% median data. 

This assures that extreme deviations do not exaggerate the MAPE results. 

By visualising the results, we can clearly see how each cap group is forecasted and whether the forecasted 

samples are too high or too low. The comparison of absolute accuracy between the models, illustrated in 

figures 23 and 24, reveals that the modified model forecasted most cap groups significantly better.  

 

Figure 23 Old model absolute deviation for biggest cap group. 
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Figure 24 New model absolute deviation for biggest cap group. 

A comparison of the average MAPE values per cap group, shown in Table 5, demonstrates that 28 of the 

35 cap groups show improved results. While most cap groups are now better forecasted, the model still 

cannot forecast cap groups with an average absolute move deviation of less than 5%. 

Table 5 Comparing absolute MAPE moves per cap group. 

 

To further analyse the deviations across cap groups, we examine both the undershoots and overshoots of 

the models. As illustrated in figures 25 and 26, the older model, similar to what is shown in Figure 6, over-

forecasts the moves of almost all cap groups, leading to an overprediction of the entire fab targets. In 

contrast, the modified model does not consistently over-forecast, aligning much closer to the real moves. 

This leads to a significant improvement in the accuracy of the entire fab simulation results.  
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Figure 25 Old model deviation for biggest cap group. 

  

Figure 26 New model deviation for biggest cap group. 

When comparing the average deviated MAPE per cap group, it becomes apparent that most cap groups 

still tend to over-forecast. In addition, all cap groups that performed worse due to the modifications now 

under-forecast on average. 

Table 6 Comparing MAPE moves per cap group. 
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9. The value of ASAP 
To further highlight the need for implementing the modifications into ASAP, we analyse the financial 

impact of both the short-term and long-term effects of modifying NXP’s ASAP model. The short-term 

analysis evaluates the implementation of the modified ASAP model, examining costs, risks, and expected 

benefits. In contrast, the long-term analysis focuses on the potential benefits and costs associated with 

further improving the model until it can effectively pinpoint bottlenecks. By evaluating these two 

perspectives, we can estimate the return on investment (ROI) for the modified model and the potential 

future version of ASAP, thereby justifying this thesis and supporting future research on ASAP.  

We calculate the ROI based on the values and costs associated with ASAP. Since the benefits and some 

costs can only be determined once the model is implemented, which is not done during the writing of this 

thesis, various estimates are necessary. These estimates are supported by input from stakeholders and the 

2016 business case, which provides data that justified the decision of purchasing ASAP in 2016. Due to the 

sensitivity of the data, all monetary values in this section are expressed in units, where one unit represents 

the engineering costs per hour. 

9.1. Short-term costs and benefits 
In the short-term, modifying ASAP is expected to enhance its performance. Although the modified model 

will not fully realise its potential for identifying bottlenecks that are used during CRITO discussions, these 

modifications represent a significant step toward that goal, and are expected to yield other short-term 

benefits. 

9.1.1. Short-term costs 
The costs of modifying the model primarily stem from the human resources needed for developing, testing 

and implementing. The costs for modifying ASAP include: 

Developing and validating costs 

Approximately 70 hours of engineering time was spent in meetings, validation, data preparation, and 

feedback to modify NXP’s ASAP model. 

Implementation costs 

The modified ASAP model is implemented into APF, the program used to run NXP’s existing ASAP model. 

This implementation is necessary as APF automatically generates new samples alongside NXP’s ASAP 

model. Once the decision to replace the old model is made, switching between the two models can be 

performed easily. Implementing this modified model required approximately 24 hours of model engineers’ 

time. 

Testing and validation 

The modified model’s accuracy in forecasting moves is validated using 30 samples. Although these samples 

already indicate that the modified model outperforms the older version, additional samples and WIP data 

are needed before full implementation. Over time, more samples will be automatically generated through 

APF, which will resolve the issue of sample scarcity over time. However, validating the effect on WIP is 

more challenging, as there was no model developed to validate the WIP results of new ASAP models. We 
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estimate that developing and validating such a model requires approximately 40 hours, though it can be 

reused for future adjustments. 

Implementation risk 

In the event that the modifications are improperly implemented, or if stakeholders misinterpret the results 

due to the prior model’s over-forecasting, this could lead to misallocation of resources and project delays. 

Although unlikely, this risk must be considered. To mitigate this risk, approximately 25 hours will be needed, 

divided among multiple stakeholders, to ensure everyone is informed of the changes. 

The total estimated short-term costs for developing, testing and validating the model are approximately 

165 units. 

9.1.2. Short-term benefits 
While the modifications do not unlock the full potential of ASAP, they offer several other immediate 

benefits. These are: 

Improved staffing decisions 

Firstly, the modified model is much more accurate in showing whether targets are achieved. A better 

understanding of targets allows NXP to reduce the likelihood of overstaffing and understaffing. Hiring a 

full-time flexible operator from Randstad currently costs NXP around 1500 units per year. While the exact 

financial benefit is uncertain without full implementation, the improved accuracy of the model is projected 

to save NXP the costs of hiring a full-time flexible worker for six months, resulting in annual savings of 

approximately 750 units. 

Reduction in maintenance workload 

Secondly, up to 9 hours of maintenance are required weekly for ASAP, with most of this time spent 

investigating unexpected results from the model. A more reliable model is expected to reduce these issues, 

potentially saving about 1 hour of maintenance time per week, or 52 units annually. 

Improvement in tool maintenance planning 

ASAP is currently used to plan preventive maintenance of tools. As mentioned in subsection 4.1, 

availability efficiency is the third-largest inefficiency at ICN8, suggesting that better planning could help 

reduce this loss. While machines can always break down and require preventive maintenance, the loss 

cannot be reduced to 0%. Although the exact impact ASAP will have on the availability efficiency through 

better maintenance planning is unknown, it is expected to lead to improvements. 

The total short-term value is estimated at approximately 802 units per year, derived from improved 

resource allocation and reduced maintenance time. 

9.2. Long-term costs and benefits 
While the expected short term benefits are significant, the real value of ASAP lies in its ability to pinpoint 

future bottlenecks. To achieve this, the model must forecast absolute moves with an average deviation of 

less than 5%. This thesis showed that the modifications reduced the average deviation from 19.1% to 

11.7%.  
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To estimate the costs necessary to develop a model capable of achieving the 5% deviation, we assume 

that the costs to improve the model in terms of percentage reduction in move deviation will be similar to 

those outlined in this thesis. Our analysis focuses on the 2024 results, as the data necessary to reproduce 

the 2023 samples using a modified model have been deleted and cannot be recovered. Additionally, the 

2024 results are worse than those of the 2023 model, providing a more conservative estimate.  

9.2.1. Long-term costs 
The long term costs will be incurred as NXP continues to refine the model to improve its accuracy from 

11.7% to the target of 5% to forecast bottlenecks. If students will take over the project in the future, we 

assume that the costs are approximately 165 units to achieve a similar percentage improvement.  

𝑀𝑜𝑑𝑖𝑓𝑖𝑒𝑑 𝑚𝑜𝑑𝑒𝑙 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 − 𝑊𝑎𝑛𝑡𝑒𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛

𝑀𝑜𝑑𝑖𝑓𝑖𝑒𝑑 𝑚𝑜𝑑𝑒𝑙 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛
=

0.117 − 0.05

0.117
= 57.26% 

( 16 ) 

To achieve a 5% forecast target, a new better model must limit its move deviation by another 57.26 ,as can 

be seen in equation ( 16 ). Based on past performance, the modifications have improved the model’s ability 

to forecast moves in the 35 largest cap groups from 19.1% to 11.7%, which is an improvement of 38.72%, 

see equation ( 17 ). 

 
𝑂𝑙𝑑 𝑚𝑜𝑑𝑒𝑙 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 − 𝑁𝑒𝑤 𝑚𝑜𝑑𝑒𝑙 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛

𝑂𝑙𝑑 𝑚𝑜𝑑𝑒𝑙 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛
=

0.191 − 0.117

0.191
= 38.72% 

( 17 ) 

Assuming 165 units spent on research leads to a 38.72% reduction in forecasted move deviation, the costs 

to achieve a model that forecasts with a 5% deviation would require an additional 286.2 units, see 

equation ( 18 ). 

𝐶𝑜𝑠𝑡𝑠 𝑑𝑒𝑣𝑒𝑙𝑜𝑝𝑖𝑛𝑔 𝑚𝑜𝑑𝑒𝑙 𝑤𝑖𝑡ℎ 5% 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 = 165 𝑢𝑛𝑖𝑡𝑠 ∗
log(0.4274)

log(0.6126)
= 286.2 𝑢𝑛𝑖𝑡𝑠 

( 18 ) 

9.2.2. Long-term benefits 
The primary long-time value, as was stated in subsection 4.2, lies in improving the operation rate and 

availability rate. Although the exact efficiency improvement requires validation through testing, a 1% 

increase in overall fab efficiency of ICN8 is anticipated based on the assumption in the 2016 business case. 

This anticipated efficiency improvement could either increase production capacity or reduce operating 

costs. 

Pinpointing bottlenecks 

The most significant potential benefit of ASAP is its ability to pinpoint future bottlenecks. For the 

stakeholders to trust the ASAP, the model must forecast moves within a 72-hour window with 5% daily 

deviation per cap group. If this is achieved, a 1% increase in factory efficiency is expected to yield large 

financial benefits, as outlined in the 2016 business case. Specifically, when demand exceeds production, 

this efficiency would lead to an annual 46667 units increase in revenue in 2016. Adjusting for the 29.7% 
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inflation rate from 2016 to 2024, this figure rises to 60505 units as can be seen in equation (19), leading 

to a profit increase of 45000 units (Inflation Since 2016, 2024). 

𝐼𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛 𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑟𝑒𝑣𝑒𝑛𝑢𝑒 = 𝑅𝑒𝑣𝑒𝑛𝑢𝑒 ∗ (1 + 𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒) = 46667 units ∗ (1 + 0.297)

= 60505 units 

( 19 ) 

In the period when production capacity exceeds demand, a 1% increase in efficiency is expected to reduce 

the need for operators by 1%. With around 200 operators working at NXP Nijmegen, this reduction could 

lead to annual cost savings of around 3,000 units. 

Forecasting lot  

Furthermore, ASAP has the potential to forecast when the lots are ready. Currently, when a lot’s timing is 

off, it must be communicated with the business lines. Stakeholders that configure the lots, used ASAP in 

the past, but due to its bad performance, the stakeholders started to rely on their own models. 

Stakeholders report they spent between 2 to 4 hours per week reconfirming lots with business lines. An 

accurate model could decrease this time and improve customer satisfaction. 

Setting targets 

Lastly, ASAP as well as other simulation programs can provide the CFO with information about the fabs. 

These forecasts help set production targets across all fabs, ensuring overall demand is met efficiently. 

Better target-setting improves the likelihood that goals are met efficiently. Additionally, the CFO 

communicates the data with shareholders. transparent data can improve shareholder confidence, 

potentially boosting NXP’s stock price. 

In summary, the value of ASAP varies significantly depending on whether demand exceeds production. 

Given the unpredictability of semiconductor demand, we assume that demand exceeds production 20% 

of the time. Excluding other potential benefits of ASAP, pinpointing bottlenecks generates an income of 

11400 units, see figure (20). 

𝑉𝑎𝑙𝑢𝑒 𝐴𝑆𝐴𝑃 = 0.2 ∗ 45000 𝑢𝑛𝑖𝑡𝑠 + 0.8 ∗ 3000 𝑢𝑛𝑖𝑡𝑠 = 11400 𝑢𝑛𝑖𝑡𝑠 

( 20 ) 

To illustrate how ASAP is used by all stakeholders, Figure 27 has been created to clearly show all the 

connections: 
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Figure 27 Utilisation of ASAP. 

9.3. Return on investment of ASAP 
To justify the investments made in ASAP during this thesis and to support further research, the incremental 

return on investment (ROI) for both short-term and long-term will be analysed. The incremental ROI 

calculations are based on the additional investments made to improve the model compared to the 

incremental benefits gained.  

9.3.1. ROI framework 
The return on investment represents the financial benefit that will be obtained within a year of 

investment. Equation ( 21 ) is used to calculate the ROI:  

𝑅𝑂𝐼 =
(𝑇𝑜𝑡𝑎𝑙 𝑏𝑒𝑛𝑒𝑓𝑖𝑡𝑠 − 𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡𝑠)

𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡𝑠
 

( 21 ) 

Since the costs for maintaining ASAP and the licensing fees will be incurred regardless of the outcome of 

the thesis, the focus is set on the additional incurred costs and gained benefits for modifying ASAP. 

Therefore, equation ( 22 ) calculates the incremental ROI: 

𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙 𝑅𝑂𝐼 =
(𝑇𝑜𝑡𝑎𝑙 𝑖𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙 𝑏𝑒𝑛𝑒𝑓𝑖𝑡𝑠 − 𝑇𝑜𝑡𝑎𝑙 𝑖𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙 𝑐𝑜𝑠𝑡𝑠)

𝑇𝑜𝑡𝑎𝑙 𝑖𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙 𝑐𝑜𝑠𝑡𝑠
 

( 22 ) 

9.3.2. Short-term incremental ROI 
The short-term incremental ROI is based on the costs and expected benefits that will be obtained by the 

new modification of the model developed during this thesis. According to subsection 9.1.1, the costs made 

to develop, implement and test modifications are 165 units. The expected annual benefits are estimated 

at 802 units. 
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𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡𝑎𝑙 𝑅𝑂𝐼𝑠ℎ𝑜𝑟𝑡−𝑡𝑒𝑟𝑚 =
802 − 165

165
∗ 100% = 386.06% 

( 23 ) 

The short-term incremental ROI of 386.06%, calculated in equation ( 23 ), demonstrates that the 

modifications to ASAP deliver a significant return on investment. The costs incurred during the thesis is 

justified by the benefits, which far exceed the costs. 

9.3.3. Long-term incremental ROI 
The long-term incremental ROI is based on the expected costs and expected benefits that will be obtained 

by further modifying the mode until it is accurate enough to pinpoint bottlenecks. Based on the figures in 

subsection 9.2, the expected costs for further improvement is 286.2 units, while the expected annual 

benefit is 11400 units. 

Incremental 𝑅𝑂𝐼𝑙𝑜𝑛𝑔−𝑡𝑒𝑟𝑚 =
11400 − 286.2

286.2
∗ 100% = 3883.3% 

( 24 ) 

The long-term incremental ROI is forecasted at 3864%, calculated in equation ( 24 ), highlighting the 

significant advantage of further enhancing ASAP. Therefore, future investment in improving ASAP is 

strongly recommended. 

While both incremental ROI results are abnormally large, two factors must be considered. First, the costs 

associated with improving the model are minimal, with human resource being the only significant 

expenses. Second, ASAP has been under development since 2016, during which NXP has invested 

substantial funds in licensing, maintenance, and developing ASAP. Despite these investments, the model 

has shown a negative ROI over the years. When accounting for these costs, it may take over a year for 

ASAP to deliver a positive ROI once it is able to pinpoint bottlenecks effectively. 
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10. Discussion 
We made multiple assumptions and choices to achieve the goal of modifying the entire ASAP model of 

NXP. Although the results are reliable, additional research into other KPIs and modifications could further 

enhance the model. In this section, we describe the limitations and potential future improvements.  

10.1. Limitation 
Modifying and validating a complex model like ASAP, which has been developed over the past eight years, 

presents significant challenges. Although the modifications resulted in improvements, certain assumptions 

and constraints may have influenced our findings. The following limitations are important to consider 

when interpreting the results. 

10.1.1. Using moves per cap groups as a key KPI 
We have validated the effectiveness of the ASAP model by comparing actual and simulated moves to 

calculate the daily average deviation in moves per cap group. While the move metric is the most important 

KPI at NXP, moves are not directly used to pinpoint bottlenecks. Instead, work-in-progress (WIP) is used to 

identify bottlenecks (Kusters, 2021). However, both metrics are strongly correlated. Therefore, we assume 

that improvement in forecasting moves lead to improvements in forecasting WIP. 

10.1.2. Validating methods for the model 
We validated the modified model by comparing the performance difference between the modified and 

older models, as well as comparing the modified model with the actual moves. We validated the accuracy 

of the model by using the number of deviated moves and the median absolute percentage error (MAPE) 

per cap group for validation. While no validation method is flawless, combining both MAPE and the 

number of deviated moves provided a more reliable understanding of the model’s accuracy. 

The number of deviated moves provides limited insight into the individual cap groups or the exact accuracy 

of the model. Nonetheless, it is useful for comparing the forecasting accuracy between the older and 

newer models. Therefore, we assume that a lower total daily average of deviated moves per cap group 

indicates a better-performing model. 

The MAPE calculation can exaggerate large deviations, which skew the average. Since the model does not 

account for fab stops and voltage dips, some samples are significantly off, causing the average MAPE to be 

inaccurate. To mitigate the negative impact of the MAPE method, we excluded the worst 5% of samples 

and only used the 35 largest cap groups, representing 80% of moves in 2023, to calculate the accuracy at 

the cap group level. Excluding these extremes is essential for calculating the accuracy of the entire fab 

using MAPE calculations, as including them would inflate the fab deviation to an average of 843% in 2023, 

which is not representative. By excluding these data, the average fab deviation decreased to 15.1%, which 

is close to the median of 14.9%, making the results more reliable. Thus, we assumed that excluding these 

data still yield valid findings. 

10.1.3. Sample period 
Data needed to generate the process files were not saved previously. This prevented the research from 

simulating the impact of modifications over different time spans and only allowed the generation of 

samples from a specific period. As the fab continuously changes, ASAP can simulate the fab more 
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effectively during some periods than others. Although the 2024 samples are harder for ASAP to simulate 

compared to 2023 samples, we assume that the modifications equally benefit the model in all periods.  

10.1.4. Assumption tool process times file 
The process file does not account for all historical process times. While we generate most process times 

through the same method, the real data often contain exceptions that require further investigation before 

being included into the process file. These exceptions include variation in how we calculate process time 

(which must be converted to time per lot), forecasted process times for processes that have not run in a 

long time, and incomplete data, especially when the product recipe is missing. Around 10 percent of all 

process times contain exceptions. Therefore, we assume that excluding these exceptions and using 90 

percent of all historical process times is sufficient to create a reliable process file. 

10.1.5. Idle time file 
Implementing idle time is challenging because it depends on human behaviour. While idle time improves 

the model, we implemented it as a temporary solution to account for human behaviour. We calculated 

idle time using the upper 20th percentile of the previous 28 days of idle times, where the machine’s 

availability exceeds 50 percent. If this result exceeds 20%, we set the forecasted idle time to 20%. While 

this approach is not perfect, it prevents idle time from being exaggerated, especially since the behaviour 

of a tool can change due to breakdowns/repairs, product mix and operator availability, which fluctuate 

daily. These changes reduce the effectiveness of using tool idle time over longer periods, as the 

implemented idle time is a fixed value. This could cause additional bottlenecks if the importance of a tool 

varies over time. However, Since this thesis focuses on the first 72 hours, this issue does not pose concern. 

Therefore, we assume that these methods for calculating the idle time reflect reality. 

10.1.6. Financial benefit of ASAP 
Lastly, all calculations we made to forecast the financial benefit of ASAP are based on assumptions made 

by several stakeholders of NXP. The real financial benefit of ASAP lies in the stakeholders’ ability to better 

allocate resources. Therefore, the true value of ASAP can only be measured once the modified ASAP model 

is implemented and actively used.  

10.2. Future research 
The modified models demonstrate substantial improvements compared to the older model. While these 

improvements are substantial, they remain insufficient for pinpointing bottlenecks. For future 

improvement, we have identified several areas that require additional research. 

10.2.1. Refining the modifications 
Both the process file and the idle time files show improvement despite not being perfect. The process file 

does not include all data, as exceptions are left out and instead the cap group time is used. The idle time 

file, on the other hand, is based on an up-to-date approximation of historical idle times, which could be 

improved per cap group in the short time and replaced with operator files in the long term. 

10.2.2. Implementing operator file 
The idle time file we have currently implemented in ASAP is a relatively simple file for incorporating 

operator behaviour. We assume that the idle time file is effective only in the short term and serves as an 

approximation for human behaviour. To properly include operators, we need to integrate a so called 

operator file, which need detailed information about operators such as the number of available operators, 
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the cap group placement of each operator, the speed of each operator, the types of processes each 

operator can execute and the probability and length of illness. Collecting these data presents significant 

challenges because it involves gathering large amounts of information about human behaviour, which are 

difficult to obtain, and not everyone is willing to be monitored. Given the extent of improvement due to 

including idle times, it seems likely that incorporating the operator file would significantly improve the 

model, especially for longer runs. Therefore, further research on the operator file is strongly 

recommended. 

10.2.3. Modify tool placement file 
The model does not currently account for transport time between tools and instead uses the historical 

average transport time between areas. This approach lead to small over- or under-estimations of transport 

times for each process. While we expect this adjustment to have a limited impact on the model’s accuracy, 

implementing more precise transport times is feasible within a relatively short time frame and is therefore 

worth considering. 

10.2.4. Implementing chambers into ASAP 
The model of NXP does not include chamber breakdowns. Many machines used in ICN8 consist of multiple 

process steps, often with multiple chambers per process step. Although some chambers have different 

functions within a process step, the machine can continue to produce wafers at a reduced capacity if a 

chamber fails in a multi-chamber process step. ASAP, does not account for this and excludes the entire 

tool if any chamber goes down. The assumption of NXP does not reflect reality and negatively impacts the 

simulation results. 

10.2.5. Simulation over longer time periods 
Our research was focused on improving the ASAP results for the first 72 hours, as this period is crucial for 

the CRITO discussion. However, it is also valuable for NXP to know how the factory would behave over a 

longer period. Therefore, future research should aim to validate the impact of the modifications over a 

longer simulation period. 

10.2.6. Simulation impact on WIP 
We primarily validated the model based on how accurately ASAP can forecast moves per cap group. 

However, the eventual WIP per cap group will be used for pinpointing bottlenecks. While move forecasting 

is strongly correlated with WIP forecasting, additional research is needed to assess the extent of the 

improvement in WIP to further validate the improvements in ASAP. 
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11. Conclusion 
We investigated how the 72-hour ASAP model could be modified to improve its forecasting accuracy for 

individual cap groups. Since NXP acquired ASAP in 2016, stakeholders have reported that the model has 

been unable to identify bottlenecks, as it fails to meet the required average absolute deviation in moves 

of no more than 5 percent per cap group. Consequently, we focused on the following research question: 

How should the ASAP model be modified to improve 72-hour simulations based on daily moves per cap 

group? 

Our initial research evaluated both ICN8’s and ASAP’s status. We identified that the largest inefficiency in 

ICN8’s production lies in operation rate, with availability rate being the third-largest inefficiency. Both of 

these areas could be improved by modifying ASAP. We found that ASAP’s historical forecasts failed to meet 

the 5 percent daily move deviation per cap group, with 2023 samples showing an average deviation of 

15.8 percent per cap group. 

After further research, we discovered that the model lacked detailed process times and did not account 

for operator influences. It relied on the average process time per cap group and assumed that lots did not 

experience any transport delays, instead moving instantaneously once each process was completed. By 

incorporating these inefficiencies into the older model through the implementation of an additional tool 

process time file and idle time files, the ASAP model was able to capture the actual performance of ICN8. 

Our validation of the modified model showed a 39.2 percent reduction in daily move deviation per cap 

group, significantly improving the model’s ability to forecast bottlenecks. The forecasted daily deviation of 

moves for 2024 improved from 19.1 to 11.7 percent for individual cap groups and from 23.2 to 5 percent 

for the entire fab. 

Despite this significant improvement in move forecasting, the modified model is still unable to simulate at 

the 5 percent deviation target required to identify bottlenecks. Additional samples and further research 

on WIP are necessary to validate the model, as the current findings are based on a single month of 2024, 

which proved more challenging for the model to forecast compared to 2023. Nevertheless, these 

improvements are expected to assist in optimising staffing and reducing maintenance time, potentially 

gaining an incremental ROI of 386 percent. If the model continues to improve at this rate and incurs similar 

costs as outlined in this thesis, the projected incremental ROI for improving the model until it can pinpoint 

bottlenecks could reach 3883 percent, excluding maintenance costs and losses from the previous years. 

In conclusion, although further research is required to achieve NXP’s goal of accurately pinpointing 

bottlenecks, this thesis represents a significant step towards developing an ASAP model capable of 

identifying future bottlenecks in ICN8’s production process. 
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Appendix A - Working ASAP 
The ASAP model is a complex program with numerous functions and know-how. Here, the workings of 

ASAP will be described in more detail. Writing the whole ASAP model itself is unnecessary, the detail 

relevant to replicating the research will be highlighted. 

A.1. File description ASAP 
ASAP operates with a large number of input and output files. While the most important files are 

described in this thesis, not all are covered in detail. The other important input and output files are 

stated in Table 7 and Table 8. 

Table 7 ASAP input file descriptions. 

Input files Description 

Option.rdf The “option.rdf” file is the main file of ASAP. Here, input data can be assigned to 
particular functions. Furthermore, it can be specified what output data must be 
written in which text files. 

Period.txt The period.txt file contains information on the period during which the simulation 
must run. 

Order.txt The order.txt file is needed to let the model know what types of semiconductors 
must be produced. Here, the number of semiconductor types, the start date, and 
the due date can be set. 

Part.txt The part.txt file shows what types of processes are required to produce a type of 
process. Here multiple process routes can be assigned for producing a type of 
semiconductor, including the reworking process of an IC wafer, in case any mistakes 
occur during production. 

Route.txt The route.txt file shows what processes are required to produce a type of IC wafer. 
Here, cap groups that can execute each process are assigned to every process step 
in combination with the processing time that is needed to execute the process. 
Furthermore, depending on the process, certifications are stated which indicate 
whether a machine in a cap group can execute the particular process step.  

Stn.txt The stn.txt file describes what tools are assigned to each cap group. Although the 
cap groups consist of machines with similar functionalities, most machines still 
differ from each other and can execute alternative processes. Therefore, the 
number of chambers per machine and the exact processes a machine can execute 
are assigned to every machine in the station file. 

Cal_reducecapacity.txt The reducecapacity.txt file contain information about the length of idle time per 
call. 

Reducecapacity_attach.txt The reducecapacity_attach.txt file connects the reduce capacity calls to the right 
tool 

Wip.txt The WIP.txt file shows the initial WIP per cap group is stated 

Down_attach.txt The down_attach,txt file contains information about when machines are or are 
expected to be down.  

Fromto.txt The fromto.txt file shows the distance in walking time between two points. 
Currently, the time per area is implemented. 

Process.txt The process.txt file contains information about tool process times 

 

Table 8 ASAP output file description. 

Output files Description 
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Capgroup.rep Shows the number of executed moves per day per cap group 

Stn.rep Shows the number of moves made per tool 

Day_lOTS_OUT.rep Shows the number of finished lots per day 

DAY_PCS_OUT.rep Shows the number of finished wafers per day 

DAY_WIPLOTCUR.rep Shows the total work in progress lots per day 

Lot.rep Shows the status of all lots in ICN8 per day 

 

A.2. Gantt viewer Legenda 
Below are the legend and the description displayed of the Gantt viewer. The legend description is directly 

sourced from the Applied materials helpdesk (AutoSched AP Beginning Class Notes, 2007). 

 

Figure 28 Gantt viewer legend. 

Table 9 Legenda Gantt viewer. 

Event Description 

BLOCKEDSTATE Blocked from processing due to either a certification change or down event. 

DOWNSTATE Unavailable due to a down unavailable definition. 

EXCEPTIONSTATE Unavailable due to an exception unavailable definition. 

IDLESTATE Idle. 

NOSTATE In no state. 

OFFSHIFTSTATE Unavailable due to being off-shift. 

PMSTATE Performing a PM (Preventive Maintenance) work order. 

PROCSTATE Processing. 

SETUPSTATE Setup. 

TRANSTATE Traveling from one location to another. 

UNSETUPSTATE Unsetup. 

UNUSABLESTATE Unusable due to a resource 'QTY' change in time-phased-parameters. 

WTCOMPSTATE Waiting for components (sub-parts). 

WTOPERSTATE Waiting for an operator. 

WTOTHERSTATE Unavailable because another claimed resource is unavailable. 

WTPROCSTATE Waiting to process either in cascade mode or no internal capacity available. 

WTSTNSTATE Waiting for a station. 

WTSYSCAPSTATE Waiting for system travel capacity. 

WTTOOLSTATE Waiting for a tool. 

WTTRANSTATE Waiting for transportation. 
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Appendix B – Calculation accuracy ASAP 
Previously, there was no way to calculate how accurately ASAP can forecast moves. Therefore, a model 

has been developed that compares the daily simulated moves with the real executed moves per cap group. 

For this, the correct real moves and ASAP moves are extracted, sorted and then calculations are performed 

to determine the accuracy. 

B.1. Real move counter 
The first step is to extract and count the daily real moves executed per tool. Each day, NXP generates a file 

that lists all process steps, monitor steps, and rework steps. A custom developed code is used to count all 

process moves per machine, excluding the monitor and rework steps. In ASAP, these steps are represented 

as additional idle time rather than actual steps. The code generates data for three days, worth of daily 

executed moves starting from the desired start date. 

 

Figure 29 Counted real moves per cap group per day. 

B.2. ASAP and real move sorter 
When ASAP is run, it generates an output file named “capgroup.rep”, which the daily moves per cap group 

for the next 14 days are stated. First these moves and the moves of the real moves are clearly ordered 

(Figure 30). 

 

Figure 30 Ordered ASAP moves. 

Next, because only the first three first days are necessary, the additional days (day 4 to 14) are removed. 
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Figure 31 Ordered first 3 days ASAP. 

The real moves are sorted in the same manner as the ASAP samples. 

B.3. ASAP and real move sorter 
Eventually, the accuracy of the model in daily moves for both the entire fab and individual cap groups can 

be calculated. First, the number of daily deviated moves per cap group is calculated using the formula: 

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑜𝑣𝑒𝑠 𝑑𝑒𝑣𝑖𝑎𝑡𝑒𝑑 = 𝐴𝑆𝐴𝑃 𝑚𝑜𝑣𝑒𝑠 − 𝑟𝑒𝑎𝑙 𝑚𝑜𝑣𝑒𝑠 

( 25 ) 

 

Figure 32 deviated moves per cap group per day. 

A positive value indicates that ASAP overpredicted the number of moves made in a cap group whereas a 

negative value indicates that ASAP underpredicted the number of moves made per cap group. In addition, 

the absolute deviation is calculated using the following formula: 

𝑎𝑏𝑠 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑜𝑣𝑒𝑠 𝑑𝑒𝑣𝑖𝑎𝑡𝑒𝑑 = |𝐴𝑆𝐴𝑃 𝑚𝑜𝑣𝑒𝑠 − 𝑟𝑒𝑎𝑙 𝑚𝑜𝑣𝑒𝑠| 

( 26 ) 
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Figure 33 Absolute deviated moves per cap group per day. 

Now, all moves and absolute moves are stated per day per cap group. By counting the total number of 

deviated moves for the 2023 result, the 2024 result, and the modified 2024 result, the accuracy of the 

entire plant per day can be calculated. 

Furthermore, it is desired to identify which cap groups deviate and if the deviation is significant. Some cap 

groups make a large number of moves whereas other cap groups do not. The larger the number of moves 

made by the cap groups, the less significant a single deviation becomes. To easily calculate this deviation, 

the MAPE formula is used to calculate the mean absolute percentage error for each cap group each day, 

as shown in Figure 34. 

𝑎𝑏𝑠 𝑀𝐴𝑃𝐸𝑑,𝑐 =
|𝑟𝑒𝑎𝑙 𝑚𝑜𝑣𝑒𝑠𝑑,𝑐 − 𝐴𝑆𝐴𝑃 𝑚𝑜𝑣𝑒𝑠𝑑,𝑐|

𝑟𝑒𝑎𝑙 𝑚𝑜𝑣𝑒𝑠𝑑,𝑐
∗ 100% 

( 27 ) 

𝑀𝐴𝑃𝐸𝑑,𝑐 =
𝑟𝑒𝑎𝑙 𝑚𝑜𝑣𝑒𝑠𝑑,𝑐 − 𝐴𝑆𝐴𝑃 𝑚𝑜𝑣𝑒𝑠𝑑,𝑐

𝑟𝑒𝑎𝑙 𝑚𝑜𝑣𝑒𝑠𝑑,𝑐
∗ 100% 

( 28 ) 

 

Figure 34 MAPE per cap group per day. 

Although the MAPE formula effectively calculates the deviation per cap group, some values are extreme 

or even infinite. This occurs because MAPE cannot handle zeros and can exaggerate the impact of outliers. 

By excluding the most extreme 5% of events, which are caused by fab stops or voltage dips, and only using 
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the 35 largest cap groups that together account for 80% of the moves made in 2023, an average MAPE 

based on a weight in moves can be calculated which is close to the median MAPE, demonstrating that the 

most extreme values are not considered. (Goodwin, 1999) 

In addition, a weight is added based on the number of moves made by the cap group in 2023 divided by 

the total number of moves made by the largest 35 cap groups in 2023. This weight ensures the average 

deviation is reflects the number of moves made rather than just the deviation per cap group. 

 

Figure 35 Weights based on moves for both all cap groups and 35 largest cap groups. 

By applying these steps for the 2023 results of the old model, the 2024 results of the old model, and the 

2024 results of the modified model, the following values can be obtained which can be found in Table 4. 
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Appendix C – Simple ASAP model 
To prove the functionality of both the idle time files and the process times file, a simple ASAP model has 

been developed of two identical machines in which modifications can be added to clearly highlight the 

effect. To replicate the simple model made for identifying properties, the development of the simple ASAP 

model is stated including the validated workings of the process times file and the idle time file, as detailed 

below. 

C.1. Properties of the Simple model 
The simple model uses the minimal number of necessary files to be able to successfully run without errors. 

It is implemented that 2 tools must continuously run to work through an order that is larger than the 

machines are able to process (10000 lots). To produce a single product, a single step must be executed 

that can be done on both machines in 12 minutes. The model simulates a duration of a single day and 

parameters such as walking distance, lot distribution, breakdown, and operators are not taken into 

account. The following parameters are implemented into the simple model: 

Table 10 Parameters simple model. 

Number of tools 2 

Tool names LASER_SCRIBE_1, LASER_SCRIBE_2 

Number of process types 1 

Process type name Part1 

Number of process steps required (route) 1 

Process route name r_1 

Process step name 1_scribe1 

Order quantity (for Part1) 10000 

Number of simulated days 1 

Process time per step 12 min for both machine 

 

By using the parameters in Table 10, The following files are developed to generate results of a simple ASAP 

model: 
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Figure 36 Option.def file standard simple ASAP model. 

 

Figure 37 stn.txt file standard simple ASAP model. 

 

Figure 38 part.txt file standard simple ASAP model. 

 

Figure 39 Period.txt file standard simple ASAP model. 

 

Figure 40 Route.txt file standard simple ASAP model. 

 

Figure 41 Order.txt file standard simple ASAP model. 
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Result simple ASAP model 

After running the ASAP model, each machine executes 120 moves which is equal to the number of minutes 

per day 1440 divided by the process time of 12 minutes. Therefore, the simple model behaves exactly as 

anticipated. 

 

Figure 42 Result standard simple ASAP model. 

C.2. Effect process file 
Firstly, the effect of implementing tool process times is observed. Here, a file named process.txt is added 

with new process times per machine, 10 min and 15 min. The data of the process.txt files overrides the 

data in the route file, which makes that the route file does not have to be adjusted. The following files are 

adjusted and implemented. 

 

Figure 43 Option.def file standard simple ASAP model including process.txt. 

 

Figure 44 process.txt file simple ASAP model. 



Simulating the Semiconductor Manufacturing Process through AutoSched Advanced Processing 
 

  63   
 

Result simple ASAP model with process.txt 

By adjusting the option.rdf file and including the process.txt file, the new process times per tool override 

the previous cap group process time of 12 minutes. Now it can be observed in Figure 45, that the 

LASER_SCRIBE_1 machine executed 144 moves or the number of minutes per day divided by 10 and the 

LASER_SCRIBE_2 machine executed 96 moves or the number of minutes per day divided by 15. This simple 

model proves the anticipated workings of the process.txt file. 

 

Figure 45 Result simple ASAP model including process.txt. 

C.3. Effect idle time 
Secondly, the effect of implementing idle times is observed. Implementing idle time must be done by 

adding two files namely the cal_reducecapacity.txt file and the reducecapacity_attach.txt file. The data of 

the length of idle time per hour is implemented into the cal_reducecapacity.txt file, where the called 

Reducecapacity_LASER_SCRIBE_1 is set to have no idle time and an idle time of 50% is assigned to 

Reducecapacity_LASER_SCRIBE_2. The reducecapacity_attach.txt on the other hand connects the reduced 

capacity to the right machines. The following files are adjusted and implemented. 

 

Figure 46 Option.def file standard simple ASAP model including idle time files. 
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Figure 47 cal_reducecapacity.txt. 

 

Figure 48 Reducecapacity_attach.txt. 

Result simple ASAP model with idle time files 

By modifying the option.rdf file and including the idle time files, an idle time of 0.5 is implemented into 

the LASER_SCRIBE_2 machine. This idle time ensures that the machine operates for only half of the time. 

If the total process time extends half of the time in a hour, the idle time will be compensated in the next 

hour. As can be seen in figures 49 and 50, the LASER_SCRIBE_2 machine completes exactly half the 

numbers of moves made by the LASER_SCRIBE_1 machine, which has no idle time. 

 

Figure 49 Result simple ASAP model including idle time model. 

 

 

Figure 50 Result GANTT of simple ASAP model including idle time files. 
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Appendix D – Modification generator description 
We generated 30 samples using up-to-date data from the corresponding day. These samples include the 

process.txt and idle time files. For each sample, the input files process.txt, cal_reducecapacity.txt, and the 

reducecapacity_attach.txt are included or modified. To generate a single modified ASAP model sample, all 

possible events must be implemented, requiring the processing of a large quantity of data. Although this 

process for future samples can eventually be automated in APF, we developed a custom made code to 

make historical data samples to quantify the validation of the improvement. Below, all steps of the code 

will be highlighted in more detail. 

Extract data 

To generate a modified model for a specific day, the right data available on the desired day is extracted. 

This includes paths for the route file, WIP file, option file, tool process time, stn.txt file, and idle files. These 

files are essential for modifying the model and must all be extracted on the same day to ensure consistency. 

 

Figure 51 Main excel file for modifying model. 

First, data is extracted from the Excel file using the following code: 

 

Figure 52 Variables names and paths are assigned. 
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Secondly, the file data is extracted and distributed across multiple excel sheets. Some sheets are used 

solely for data extraction purposes, while others are modified and later implemented in the model. 

 

Figure 53 Data is extracted from paths and copied into the sheets. 

The idle time file contains a large amount of data. To generate the idle time file, we used the latest 28 days 

from before the desired simulation day. Data from after cannot be included, as it did not exist at the time, 

and using it would result in the simulation relying on future data. 

 

Figure 54 Future idle time data is removed. 

 

Figure 55 historical idle time data older than 28 days before the sample data is removed. 



Simulating the Semiconductor Manufacturing Process through AutoSched Advanced Processing 
 

  67   
 

The data needed to generate the process file on the other hand exists of incomplete data. Therefore, rows 

with incomplete data are removed as they are unusable for generating tool process times. Instead, ASAP 

will use the older CAP group process times in these separate cases. 

 

Figure 56 Incomplete data in the process file is removed. 

Data names modifier 

In the process.txt file, the colon function is used to mark and split the step name and machine type in a 

single column. However, the current steps named by NXP already contain one or more colons, for reading 

purposes. The extra colon causes the ASAP model of NXP to not be able to properly run the process.txt 

file, which results in errors.  

To address this issue, after consultation with the model engineers, it is decided to replace the additional 

colon in all the step names within both the wip.txt and route.txt files with the “@” character. This change 

allows the process.txt to function properly, while also maintaining the readability of the step names. The 

following code changes the names correctly. 

 

Figure 57 Step names are transformed. 

Option.rdf modifier 

To make the model account for the process time file, the following adjustments have to be made in the 

option.rdf file. These changes make sure the model takes the new files into account and uses the new files 

correctly. The idle time is already incorporated into the option.rdf file of the older model. 
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Figure 58 The process time files is assigned to the option.rdf file. 

Generating Process.txt file 

Whenever all data is correctly extracted and prepared, both the process and idle time files will be created. 

The following variables names are set: 

  

Figure 59 Assign variables for modification model. 

the process time file is empty and needs the following functions to be set in the columns. The idle time 

file columns function are already implemented and do not need this modification. 

 

Figure 60 Insert functions to process time file. 

To generate a complete process time file, two files must be compared to identify which tools can execute 

a specific process step and its associated time. These data can be found in the route.txt file, with 34713 

lines of data, and the SFC file, with 25778 lines. To generate a complete process file, all data must be 

compared to each other. However, comparing all data would require the code to process approximately 

0.89 billion lines of data. To optimize this process, the placement of the process times for all machines is 

organized per cap group. Additionally, any unavailable data is excluded from the following code: 
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Figure 61 Implement search area for generating process times. 

When the model has found a match between the two files, the saves the process step, tool name, process 

time in seconds, and process unit “sec” in the process.txt sheet. A colon is added between the process 

step and product type to correctly add the step. Furthermore, the SFC file contains data of the historical 

average time a tool needs to process a complete batch with multiple lots, divided by the number of lots 

per batch. However, the actually average process time for a lot within the machine is needed, which 

corresponds to the process time per batch. To calculate this, the number of lots (or units) per batch is 

multiplied with the average time required to process a batch.

 

Figure 62 Implement process times per process for each machine in process.txt file. 

Generating cal_reducecapacity.txt file and reducecapacity_attach files 

The idle time file is contains data of the idle time for each station. The idle per station is calculated based 

on historical data. For each station, the lower 20 percentile of data in which the station has an availability 

of at least 50% is used. Additionally, a maximal idle time of 20% may be implemented. This following 

figures show the code in combination with the output of one machine:  
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Figure 63 Calculate idle time for each machine. 

 

Figure 64 Example idle time calculation. 

Implementing modification into ASAP 

Finally, the data must be integrated into the route.txt, wip.txt, option.rdf, process.txt, 

cal_reducecapacity.txt and reducecapacity_attach of ASAP. Afterwards, the ASAP model using the new 

data must do a single simulation and the data is ready for validation. 
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Figure 65 Update data of all sheets. 

 

Figure 66 Assing paths of ASAP model in which modifications have to be implemented. 

 

Figure 67 Implement modifications into older ASAP model. 

 


