
 Eindhoven University of Technology

MASTER

To spare or not to spare? : that's the (key) question!

Kanters, M.M.M.

Award date:
1995

Link to publication

Disclaimer
This document contains a student thesis (bachelor's or master's), as authored by a student at Eindhoven University of Technology. Student
theses are made available in the TU/e repository upon obtaining the required degree. The grade received is not published on the document
as presented in the repository. The required complexity or quality of research of student theses may vary by program, and the required
minimum study period may vary in duration.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain

https://research.tue.nl/en/studentTheses/fd9f679f-80f7-4a0e-921f-3d6f86716ff1


") ASM Lithography 
niet uitleenbaar 

To spare or not to spare ? 

That's the (key) question ! 
Graduation report 
December, 1994 

Student: Kanters, J\l!MM 
Faculty Industrial Engineering & Management Science 

Eindhoven University of Technology 

TUE comm.ittee: 

ASM Lithography: 

J. v. Dijk 
Dr. ir. E.G.F. v. Winkel 
Dr. ir. L. Fortuin 
R.A.G. Vos 
Ir. G.L.L. Bollen 



Preface Page I 

Preface 

The final stage of my study Industrial Engineering and Management Science at the Eindhoven 
University of Technology, concerned a graduation project which has been performed at ASM 
Lithography, Veldhoven. The graduation project can be regarded the phase of transition from 
theory to practice . The company comes up with a problem definition and the student performs a 
study in order to improve the existing situation . 

First of all, I would like to thank ASM Lithography for the opportunity they offered me to perform 
the graduation project within their company . Within ASM Lithography, my special thanks go to 
Mr. R. Vos and Mr. G. Bollen, my mentors within the company, for their support during my 
graduation. Furthermore, I would like to thank all people I got involved with during my graduation 
period at ASM Lithography. They were all nice to get on with, which for some people was not 
restricted to office-hours only. 

Last but certainly not least, I would like to thank Mr. J. v . Dijk and Mr. E. v. Winkel, my mentors 
from Eindhoven University of Technology, for their support and criticism during the graduation 
period. 

Veldhoven, December 1994 

Maurice Kanters 
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Abstract 

This report concerns a graduation study on worldwide inventory control of spare parts in a three
echelon structure, (to be) applied by an equipment manufacturer, facing the problem of realizing 
high operational availabilities of technical systems at endusers with in acceptable costs. 

~ ASM Lithography 
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Summary 

This report is a graduation report concerning a graduation study, which is the final stage of the 
study Industrial Engineering and Management Science at the Eindhoven University of 
Technology. The study has been performed at ASM Lithography, Veldhoven, The Netherlands. 
ASM Lithography (or ASML) is a high tech company developing, assembling, selling and servicing 
wafer steppers. These wafer steppers are complex technical systems, used for Integrated Circuit 
(IC) or chip production. The wafer stepper images extremely fine and accurate patterns on a 
silicon slice (a wafer) with a photosensitive layer. After exposure, the wafer is processed, 
comparable with common photography, before chemical processing takes place. These steps are 
repeated in order to produce the required IC. Worldwide, there are only three producers of wafer 
steppers, with Canon and Nikon in Japan and ASM Lithography in The Netherlands. 
Worldwide, more than 400 wafer steppers have been installed. To keep these wafer steppers 
operating both preventive and corrective maintenance tasks need to be performed. Some 
maintenance tasks can be performed by the customers themselves, but the greater part, i.e. the 
more complex maintenance tasks, are performed by ASML Service. In order to perform (most of) 
the maintenance tasks, spare parts are needed. Given the fact that, in general, a wafer stepper 
operating at the customer's organization constitutes a critical part of the production process, a 
high operational availability of a wafer stepper is required by a customer in order to produce large 
outputs. Failures, therefore, must be resolved as soon as possible in order to realize the high 
operational availability. To avoid long waiting times for spare parts, assortments of spare parts 
have been stocked at places near one or more customers, which enables ASML Service to 
perform corrective maintenance according to the repair by replacement principle as soon as 
possible. ASML Logistics is responsible for the (worldwide) supply of the required spare parts. 
The spare parts assortments and stocklevels at the different stock locations have come about in 
a somewhat emotional way: in the past, complaining customers caused ASML Service to call for 
an increase in inventories once spare parts were not directly available. This has led to the current 
situation, in which much capital has been invested in spare parts inventories. 

The expected substantial growth in stepper sales in the near future will result in a growing 
installed base: both the number of steppers per site and the number of sites will increase. The 
expected growth of the installed base and the pressure from customers towards a high 
availability, have led to a (preliminary) investigation by ASML Logistics of the current logistics 
concept. The study assignment resulted from this investigation and has been defined: 

Review the current logistics concept and introduce improvements in order to be able to cope 
with (current and} future needs. Within the logistics concept, include the development of a model 
for stock decisions, related to customer requirements (recorded in a service contract} or 
customer expectations. Indicate the resulting organizational consequences in order to enable the 
implementation of the redesigned logistics concept. 

The study assignment has been performed as part of the Spare Parts Control Project with the 
objective to take action to ensure an availability of spare parts with relation to the availability of 
wafer steppers, accepted by the customer, on the long term at minimum cost. 

A start has been made with a study and description of current practice regarding spare parts 
control. At ASM Lithography three echelons can be identified: the first echelon concerns the 
local stocks, located near one or more customers, the second echelon concerns the continental 
stock, which only exists in the USA (at ASML Tempe), and the third echelon concerns the 
worldwide stock, located at ASML Veldhoven. 

------------- ,l!~ ASM Lithography 
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In the study of current practice, the control structure of each echelon has been looked at 
separately, using the key questions of inventory control of spare parts to be answered: 
( 11 Which spare parts to include in the assortment? 
(21 When to review the inventory? 
(31 When to order? 
(41 How much to order? 

Both effectiveness and efficiency of the spare parts inventories have been analyzed in order to 
conclude about current practice. The spare parts inventories turned out to be quite effective: 
high service degrees are realized at the different stock locations. Despite the typical 
characteristics of spare parts inventories (on average (very) low frequencies of demand and a 
small part of the assortment representing the greater part of demand), a gain in efficiency has 
seemed possible, as in current practice spare parts assortments and stocklevels, especially at 
locals, have come about in an emotional rather than rational way. 

Current practice has been reviewed and proposals for improvements have been made. The most 
important shortcoming in current practice concerned the lack of knowledge concerning the 
definition of spare parts assortments and the calculation of required stocklevels, which in current 
practice has taken place in a somewhat 'emotional' way, and has not been related directly to the 
required operational availabilities of wafer steppers at the customer's site. Another important 
shortcoming concerned the absence of safety to cover for fluctuations in demand and/or 
leadtimes. Furthermore, some small shortcomings in the different control structures have been 
noticed. 

Theoretical aspects concerning the characteristics of spare parts to be used in defining a spare 
parts assortment have been looked for. Besides the frequency of demand and the costprice of a 
spare part, which are the only characteristics considered in current practice, theory showed more 
characteristics to be used. The most important additional characteristics concerned the 
essentiality of a spare part and the origin of spare part demand. Essentiality is defined the 
degree in which waiting for a specific spare part is not allowed. In case of a low essentiality a 
spare part might be excluded from the assortment, depending on the leadtime of that part. The 
origin of spare part demand concerns either preventive maintenance or corrective maintenance. 
Based on a maintenance plan, a spare part with demand originating from preventive maintenance 
might be excluded from the assortment if the planning horizon of the maintenance actions 
exceeds the leadtime involved. 

In the redesign of the logistics, a start has been made with the identification of customer order 
decoupling points in the logistics concept. The characteristics playing a part in deciding about the 
location of a decoupling point have been identified and concerned the delivery times required by 
the customers, the delivery reliability, the essentiality of a spare part, the origin of demand of a 
spare part, the frequency of demand of a spare part, the costprice of a spare part, the 
obsoescence risk of a spare part and the trhoughput times in the procurement and distribution 
processes. Investigation of the applicability of the essentiality and the origin of demand of a 
spare part has led to the conclusion to neglect these characteristics. 

The remaining characteristics have resulted in a (rough) distinction between the following 
decoupling points: 
(11 local stocks: spare parts with a sound balance in frequency of demand and costprice; 
(21 continental stock: spare parts with a relatively high obsolescence risk and spare parts with a 

relatively high costprice (reducing obsolete and inventory costs by centralization); 
(31 worldwide stock: spare parts with a (very) high obsolescence risk and spare parts with a 

(very) high costprice (reducing obsolete and inventory costs by centralization). 

------------ l'J~ ASM Lithography 
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To define the required spare parts assortments and to calculate the required stocklevels at locals, 
given the required operational availability of wafer steppers operating at the customer's site, a 
lead has been found in Sherbrooke's METRIC-models (Multi Echelon Techniques for Recoverable 
Items Control). Marginal analysis, as part of this model, has been advised and described in order 
to determine optimum stocklevels to be used at locals in order to realize the required operational 
availabilities. In short: by starting with stocklevels of zero, each time the stocklevel is increased 
with one for that spare part, enabling the largest contribution to the operational availability, i.e. 
the largest marginal decrease in backorders, per unit of cost. By applying marginal analysis, the 
optimum stocklevels are determined at minimum cost. 

To define spare parts assortments and to calculate the required stocklevels at the continental, 
the marginal analysis technique could be extended to the METRIC-model, which optimizes 
inventories over two (or more) echelons. The use of METRIC, however, seemed to be hampered 
by some facts, and, therefore, has not been advised. A high service degree must be realized at 
the continental stock, as by applying marginal analysis at locals, a 100% service degree from 
continental stock is assumed. However, the possibility of emergency shipments from the 
worldwide stock, and 'rush' replenishment shipments in between the regular replenishment 
shipments, result in the decision to accept a less higher service degree from continental stock. In 
order to determine optimum stocklevels at the continental at minimum cost, marginal analysis 
has also been advised for the continental stock. 

As marginal analysis to be applied at locals and at the continental, will lead to a reduction in 
spare parts inventories at these echelons, some kind of safety will be necessary at the worldwide 
stock. Besides some small improvements in the different control structures, applied for the 
different categories of spare parts at the worldwide stock (non-repairable fast-, slow- and 'ultra' 
slowmovers and repairables), safety to be included has been dealt with. 

Finally, the first steps towards implementation have been described. The most important step in 
the implementation will concern the internal acceptance of marginal analysis as a tool for 
stockdecisions at locals (and the continental) as some internal resistance has been noticed. To 
realize the required operational availabilities of wafer steppers in the field, a high service degree 
from local stock is believed to be necessary. However, this is not necessarily true and has been 
shown in some kind of example. It has also been put forward, that customers probably will not 
accept a low service degree. The real requirements of customers, therefore need to be 
investigated and agreed on. Next, the changes at the different stock locations can be realized in 
an imperative order: first the changes at the worldwide stock should be realized, before changes 
at the continental stock and local stocks can be realized, due to the move towards a more 
centralized inventory structure. 

Compared with current practice, applying marginal analysis at locals is expected to result in both 
a significant reduction in spare parts inventories (hundreds of thousands of guilders) and high 
operational availabilities of wafer steppers operating in the field. Part of these savings, however, 
will be lost due to adding safety to the worldwide stock. If a high service degree from local stock 
must be realized (for which marginal analysis also can be used), less higher savings will be 
realized as the stocklevels will increase, but on the other hand it will result in a higher degree of 
acceptance, both internal and external. 

-------------- ~~ ASM Lithography -------------
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1 ASM Lithography 
ASM Lithography, the wafer stepper, the stepper market and maintenance 

1. 1 ASM Lithography 

Established in 1984 as a joint venture between ASM International and Philips, ASM Lithography, 
or just ASML, is a company developing, assembling, selling and servicing wafer steppers (ASM: 
Advanced Semiconductor Materials). A wafer stepper is a complex technical system, used for 
the production of Integrated Circuits (IC's). In 1988 the International Netherlands Group Bank 
(ING Bank) replaced ASM International as shareholder. 
The company is headquartered in Veldhoven, The Netherlands, with a US headquarter in Tempe, 
Arizona. At ASML Veldhoven, Development, Manufacturing, Marketing & Sales (worldwide), 
Service (worldwide), Corporate Logistics (worldwide), Finance & Administration (worldwide) and 
Human Resource Management are centred, whereas at ASML Tempe merely marketing, sales, 
applications and service activities concerning the US market take place . 
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Figure 1 .1 : Net sales and net income over the past six years 
[Source : annual reports ASML] 

Figure 1 .1 represents the net sales and the net income of ASML over the past six years. This 
figure shows that ASML realized a substantial growth in sales revenue from Dfl. 200 million in 
1992 to Dfl. 318 m illion in 1993. After a net loss of Dfl. 34 million in 1992, the net profit for 
the company equalled Dfl. 20 million in 1993. 
At the end of 1993 ASML employed 602 people, including 133 employees operating in the USA. 
ASML will grow to over 700 people worldw ide in 1994 to meet the expected growth of sales 
(40%) and attendant customer support needs [ 1]. 

1.2 The wafer stepper 

A wafer stepper, the product of ASML, is a complex technical system used for advanced chip 
production (appendix A 1) . Extremely fine and accurate patterns are imaged on a silicon slice, a 
wafer, with a photosensitive layer. After exposure, the wafer is processed, not unlike common 
photography, and afterwards the wafer is ready for chemical processing. By repeating these 
steps several times, IC's are produced . 

~ ASM Lithography --------------
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To expose the wafer with a large number of IC's or dies, the stepper is used . A monochrome 
beam of ultraviolet light illuminates the reticle, i.e. a mask with the desired pattern, and via a 
reduction lens the pattern is imaged on the wafer. After each exposure the wafer is moved by a 
distance to the next die. Then extremely fast and accurate (nanometer) positioning takes place 
using the £-chuck (appendix A2 represents the complete exposure unit) . This will be repeated 
until the whole wafer has been exposed (appendix A3) . 
Using this method the wafer stepper is able to expose about 50 to 60 wafers an hour. Exposure 
of the wafer has to be repeated for each process layer: in chip production up to 40 process 
layers may occur. 

1.3 The stepper market 

Figure 1 .2 represents the business chain ASML is operating in . 

raw materials producers 
and 

producers of semi-finished products 

i 
Stepper producers 

(ASML, Canon, Nikon) 

i 
Chips producers 

t 
Chips processing industry 

I 

Retailers 

Figure 1 .2: The business chain 

As the stepper producers are situated in the upper part of the business chain, development is a 
crucial factor in order to keep realizing progress in technology. Development is involved with 
large investments, which might explain the fact that only three competitors have remained on 
the worldmarket : Nikon (40% market share), Canon (30%) and ASML (20%) [1993). The 
worldmarket can be divided into two (equal) markets : Japan and the rest of the world. The rest 
of the world can be considered the market ASML is aiming at. 
As in Asia an increase in IC-production can be noticed, ASML is planning to start operating in 
those countries too, in order to increase their market share . In fact, in April 1994 the first wafer 
stepper was shipped to Korea and within one year the first wafer stepper w ill be installed in 
Singapore. In view of the cultural differences and the costs involved , ASML starts working with 
agencies, local representatives, in those new areas. In Taiwan, ASML has been operating with an 
agency for almost six years now . 

ASM Lithography 
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At this moment there are three types of wafer steppers: the PAS 2500, the PAS 5000 and the 
PAS 5500 wafer steppers (PAS: Philips Automatic Stepper). The PAS 5500 wafer stepper, the 
most recent model, is characterized by a higher performance and is constructed out of modules 
which benefits the maintainability of the wafer stepper. 
The worldwide installed base amounts to 405 wafer steppers (July, 14, 1994): 

USA : 248; 
Europe 74; 
Far East 73; 
Rest 10. 

All wafer steppers have a (on average) one-year warranty period . After this period, ASML can 
support the wafer steppers on the basis of a service contract or the costs of a service call . 

1 .4 Maintenance 

To keep a wafer stepper operating, maintenance tasks - both preventive and corrective - need to 
be performed . A limited number of maintenance tasks regarding the wafer stepper can be 
performed by the customers themselves, e.g. lamp replacements and cleaning tasks. More 
complex maintenance tasks are performed by ASML Service . Service has the objective to realize 
an acceptable availability of wafer steppers at the customer's site (see also figure 1. 3): 

MTBF uptime 
availability = --------

uptime + downtime MTBF + MTTR + LDT 

MTBF : Mean Time Between Failures 
MTTR : Mean Time To Repair 

LDT: Logistic Delay Time 

uptime downtime 

MTBF 

Figure 1.3: The stepper availability 

Once preventive maintenance is performed within the available operational hours, the formula 
above should be extended for the Mean Preventive Maintenance Time (MPMT) as part of the 
downtime. To avoid this extra downtime, however, preventive maintenance is usually performed 
outside the available operational hours. 
Preventive maintenance tasks are performed periodically at the customer's site, in order to 
maximize MTBF . To maximize MTBF, also several Field Change Orders (FCO's) are implemented. 
These FCO's can be divided into three categories : mandatory, first opportunity planned and 
retrofit on failure, used to enhance the safety or functionality or to increase the reliability of a 
wafer stepper. MTTR is kept at a minimum by working according to the repair by replacement 
principle as much as possible. Therefore spare parts are necessary and to minimize the LDT an 
assortment of spare parts is stocked at places near one or more customers. Spare parts control 
is taken care of by the Logistics department of ASML. 

The organization structures of ASM Lithography, Service and Logistics have been included 
respectively in appendices 81, 82 and 83 . 

~~ ASM Lithography 
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2 The study assignment 
Background, problem definition, study assignment and plan of activities 

2.1 Background 

Given the complex nature of wafer steppers, failures will occur. In general, a wafer stepper at 
the customer's organization constitutes a critical part of the process. Failures, thus, must be 
resolved as soon as possible in order to realize a high (operational) availability of the wafer 
stepper. The realization of a high operational availability of wafer steppers by ASML, enables the 
customers to produce large outputs. Therefore spare parts are stocked at places near (one or 
more) customers, in order to enable corrective maintenance to be performed according to the 
repair by replacement principle as soon as possible. Some maintenance tasks are performed by 
the operator or the customer's service-organization . For the greater part, the (more complex) 
maintenance tasks are performed by the ASML Service department. The Logistics department is 
responsible for supplying the spare parts in order to enable Service to perform its job. Service, 
thus, can be regarded Logistics' customer, both serving the same objective: the realization of an 
availability of wafer steppers operating at the customer's site, which satisfies the demands 
(recorded in a service contract) or expectations of a customer at minimum cost . 

About the performance of Service and Logistics, no exact data were available . In the past, 
definition of spare parts assortments and stock levels took place in a quite emotional way: 
complaining customers caused Service to call for an increase in inventories once spare parts 
were not directly available . Right now much capital has been invested in spare parts inventories . 
Given the pressure from customers towards a high availability plus a growing installed base, i.e . 
both the number of wafer steppers per site and the number of sites, these inventories might be 
ineffective and inefficient in order to fulfil current and future needs. 

2.2 Problem definition and study assignment 

Problem definition 

ASML is currently on the way up: for the near future a substantial growth in stepper sales is 
expected . As a result, the number of wafer steppers to support - the installed base - will 
increase. Based on a preliminary investigation by ASML Logistics, the current logistics concept 
might be inadequate to fulfil future support needs . 

The problem can be defined as follows: 

Currently it is unknown how to ensure, especially in (near) future, an availability of spare parts, 
i.e. a service degree, with relation to the availability of wafer steppers accepted by the customer. 
The current logistics concept needs to be reviewed to enable ASML to cope with these future 
support needs. 

Study assignment 

In February 1994, ASML started the Spare Parts Control Project. The project's objective is to 
take action to ensure an availability of spare parts (i .e. a service degree) with relation to the 
availability of wafer steppers accepted by the customer on both the short term (half a year) and 
the long term (five years) at minimum cost. 

~ ASML" h h ~ -~ 1t ograp y -------------- --
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The study assignment has been performed as part of the Spare Parts Control Project and 
concerns the long term solution. The study assignment has been defined: 

Review the current logistics concept and introduce improvements in order to be able to cope 
with (current and) future needs. Within the logistics concept, include the development of a model 
for stock decisions, related to customer requirements (recorded in a service contract) or 
customer expectations. Indicate the resulting organizational consequences in order to enable the 
implementation of the redesigned logistics concept. 

2.3 Plan of activities 

In order to perform this study a plan of activities has been established. The following activities 
have been distinguished: 

(a) a study and description of current practice regarding spare parts control at ASML; 
(b) an analysis of the current logistics concept; 
(cl a review of current practice and an indication of problem areas, resulting in 
(d) a redesign of the logistics concept, together with 
(el the development of a model for stock decisions, using simple and understandable statistics; 
(f) a description of the resulting organizational consequences to, finally, enable 
(g) the implementation of the redesigned logistics concept. 

These activities will be described in the next chapters . 

As already stated, the study assignment has been performed as part of the Spare Parts Control 
Project . The project distinguishes between actions for the short term and for the long term . After 
completion of each activity, the results have been reported to the project leader and the 
materials manager, both involved with the actions for the long term, in order to keep them 
informed and to make sure that the study was still in line with the project's objective . 

~ ASM Lithography 
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3 Spare parts control 
Current practice at ASM Lithography 

3.1 Introduction 

A wafer stepper consists of a large number of parts ( ± 3000). Not all parts of a wafer stepper 
are spare parts. The parts of a wafer stepper that are needed to perform maintenance tasks are 
defined spare parts. The definition of spare parts is included in a development project and is 
performed by MSE (Manufacturing Service Engineering). Together with this definition an 
estimation about the future failure rate is made. At this moment there are approximately 1360 
different spare parts to be taken care of by the Spare Parts Control team, a dedicated team 
within Corporate Logistics. 
In this chapter the current practice of spare parts control will be described. The following 
characteristics of the logistics organization will be dealt with: the physical structure, the control 
structure and the information processing. The last page of this report contains an overview of 
current practice, which might increase the comprehensibility while reading. 

3.2 The physical structure 

Spare parts are stocked at several places worldwide in order to reduce the Logistic Delay Time as 
part of the downtime of a wafer stepper (figure 3.1 ). 

3rd echelon 2nd echelon 1st echelon 

Figure 3 .1: The stock locations 

The stock locations: 
( 1) the first echelon concerns the local stocks, which are located near one or more customers 

(twelve local stocks in the USA, one local stock in Europe and two agencies in the Far East). 
(2) the second echelon concerns the continental stock, which is located at ASML Tempe (USA) 

and serves as distribution center for the local stocks in the USA; 
(3) the third echelon concerns the worldwide stock, which is located at ASML Veldhoven 

(Europe) and serves as the supplier for the continental stock and the local stocks in Europe 
and the Far East (Taiwan and Korea); 

~ ASM Lithography 
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3.3 The control structure 

3.3.1 

In this section the control structure will be described per echelon, using the key questions to be 
answered in inventory control of spare parts, which concern: 

(1) Which spare parts to include in the assortment? 
(2) When to review the inventory? 
(3) When to order? 
(4) How much to order? 

The third echelon: the worldwide stock 

Once a part of a wafer stepper has been defined a spare part, it will be added to the worldwide 
spare parts assortment. An exception has been made for lenses (see cover): due to a very high 
value (varying from up to ) lenses are excluded from the 
assortment. All other spare parts are included in the spare parts assortment to reduce the risk 
involved in case such a spare part is needed. 

For the control of the worldwide stock, different order systems are used, as different types of 
spare parts are distinguished (percentages on indication of the Spare Parts Control team): 
(a) non-repairable fastmovers ( 10%); 
(bl non-repairable slowmovers (80%); 
(cl repairables (10%) . 
Non-repairable fastmovers are spare parts characterized by a relatively high usage (measured 
worldwide), which cannot be repaired for technical and/or economical reasons. Non-repairable 
slowmovers concern spare parts characterized by a relatively low usage, which cannot be 
repaired for technical and/or economical reasons. Finally, repairables concern spare parts which 
technically and economically can be repaired. The different order systems used for these 
categories of spare parts will be described below. 

The non-repairable fastmovers 

The relatively high usage, which characterizes the non-repairable fastmovers, enables forecasting 
future requirements . For ordering the non-repairable fastmoving spare parts at the (internal or 
external) suppliers, MRP-1 (Material Requirements Planning) is used to support materials planning. 
The forecast method used for forecasting future requirements concerns the moving average 
method. The forecast is based on the historical demand during the last twelve months and is 
expressed in a number of pieces per month. These forecasts serve as input (gross requirements) 
for the MRP-1 algorithm. The planning horizon exceeds the leadtime of the spare part involved 
and averages about one year . 

Stepper Service part 

II--'---~ 

Factory part Package 

Figure 3 .2: Bill-Of-Material (BOM) 

The inventory of non-repairable fastmovers is reviewed weekly and the order moment is 
determined by the weekly MRP-1 run. 
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The orderquantity used, concerns the period order quantity (POQ), which depends on the ABC
classification of the specific part. An ABC-classification of spare parts does not exist, but has 
been made for factory parts (figure 3.2). The period order quantity is used to order the sum of 
the net requirements by Service (service or spare parts) and the net requirements by 
Manufacturing (factory parts). 
The period order quantity used at ASML, is part of the order & delivery policy: 
(1) A-items: the orderquantity concerns the forecasted demand for six weeks, which will be 

delivered in three parts; 
(2) 8-items: the orderquantity equals the forecasted demand for three months and will be 

delivered in two partial shipments; 
(3) C-items: the forecasted demand for half a year will be ordered and will be delivered as one 

shipment; 
(4) E-items: the forecasted requirements for one year are ordered. 

The non-repairable slowmovers 

The (very) low worldwide usage, which characterizes the non-repairable slowmovers, 
corresponds to just a few pieces per year . Due to this low demand, a forecast of future 
requirements is hard to make. The order system used for non-repairable slowmovers concerns 
the (s-1,s) order-up-to-level system, which has been derived from the (s,S) order system: one of 
the Statistical Inventory Control (SIC) models (appendix C). 
The (s-1,s) order system implies that the inventory is reviewed periodically, i .e. weekly, and if 
the economic inventory is below the stocklevel (s = S) reordering takes place (order up to S) . 
Figure 3 .3 represents this order system. 

inventory 

s-~ r------- -------
O mf ml m l ml m l m l ml m 

.::: 

....... economic inventory 
___ physical inventory 

I m I m : ~- -~ -~- -►,;m, 
t = leadtime (supplier) 
m = review period 

Figure 3.3: The (s-1,s) order-up-to-level system (worldwide stock) 

The stocklevel (s = S) equals the worldwide usage during the leadtime. As non-repairable 
slowmovers concern spare parts characterized by a demand of zero, one or a few pieces per 
year, the orderquantity usually equals one. 

The repairables 

Repairables concern both fastmovers and slowmovers . For repairable fastmovers forecasting 
future requirements is possible. However, one has to take into account the receipt of repaired 
parts while ordering new ones . At the moment, however, the repair-circuit can be regarded a 
black box : the receipt of repaired parts cannot be foreseen. A forecast for new parts is therefore 
hard to make. Therefore, the repairables - both the fastmovers and the slowmovers - are 
controlled in the same way as the non-repairable slowmovers : an (s-1,s) order-up-to-level system 
is used. 
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3.3.2 The second echelon: the continental stock 

Compared to the local stocks, an extended assortment of spare parts has been stocked at the 
continental in Tempe (USA). In fact, all spare parts which possibly will be needed to support the 
installed base in the USA are included in the continental's assortment as the greater part of the 
worldwide installed base is located in the USA. 

;n:ro,v I 
s-1 -

O m I m I m 

~ 

economic inventory 
___ physical inventory 

.:: t ~ 

m : m : ~--1--~--►Ume 
t = replenishment time 

m = review period 

Figure 3.4: The (s-1,s) order-up-to-level system (continental stock) 

The (s-1 ,s) order-up-to-level system is used to control the spare parts inventory at the 
continental (figure 3.4). The inventory is reviewed weekly and if the economic inventory is below 
the stocklevel (s = S), reordering takes place (order up to S). Compared to the worldwide stock 
the review period is the same, but the leadtime is much shorter as it concerns just the order 
picking and shipping from Veldhoven to Tempe, resulting in a replenishment cycle time of two 
weeks. 

To facilitate the decisions about the stocklevels (s) of the continental (and the locals), the spare 
parts have been divided into categories or levels (table 3. 1). The characteristic fast, norm or slow 
moving depends on the worldwide usage per year. These data differ per type of wafer stepper, 
as the number of wafer steppers operating in the field differ per stepper type (appendix D). For 
each level, a decision about the stocklevel (s) has been made (table 3.2). An extra dimension has 
been added by including a category of low-cost items, i.e. spare parts with a standard costprice 
less than The stocklevels are established, taking into account both the worldwide 
usage corresponding to the level of a spare part, the locals to supply and the replenishment time 
of spare parts from Veldhoven. Some exceptions occur: for spare parts assigned to level 1 and 
level 6 with a 'high' worldwide usage, the stocklevels have been increased. 

Table 3.1: Level-characteristics 

Level Characteristic 

1 vertt fast moving parts 
2 fast moving parts 
3 norm moving parts 
4 slow moving parts 
5 very slow moving parts 
6 low cost parts 

(st . costprice < 

Although the establishment of the spare parts assortment, as described above, may sound as a 
formal rule, it can be regarded quite 'emotional'. 

ASM Lithography 
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Table 3.2: The stocklevels 

Part Stocklevel 
level 

1 2 
2 2 
3 2 
4 1 
5 1 
6 1 

3.3.3 The first echelon: the local stocks 

At locals a limited assortment of spare parts has been stocked: usually just fastmovers. The 
spare parts assortments differ per local, as the types, numbers of steppers to support and the 
service-contracts differ per local. 

The spare parts inventory at a local is also controlled using the (s-1,s) order-up-to-level system. 
The inventory is reviewed on a daily basis and if the economic inventory is below the stocklevel 
(s = S) reordering takes place (order up to S). The necessary replenishment is taken care of by the 
continental stock for locals in the USA and by the worldwide stock for locals in Europe and the 
Far East. 

Depending on the numbers and types of wafer steppers a local office has to support, a decision 
about spare parts assortment and stocklevels is taken. To facilitate these decisions, spare parts 
are divided into levels (see section 3.3.2) and locals are classified, varying from small locals 
(category A) to large locals (category C) . The allotment of a local to a category can be regarded 
'emotional' as no range of numbers of steppers has been defined per category. Per local-category 
a decision about the assortment and stocklevels is taken (table 3.3). 
The stocklevels usually equal one due to the low frequency of demand at a local office, but 
might be modified for spare parts belonging to level 1 or level 6: based on the worldwide usage it 
might be necessary to keep more than one spare part in stock. 

Table 3.3: The stocklevels at locals 

Part Stocklevels 
level local A local B local C 

1 1 1 1 or 2 
2 1 1 1 
3 - 1 1 
4 - - 1 
5 - - -
6 - - 1 

As the spare parts assortments at locals are quite limited, spare parts might be needed, which 
are not part of a local's assortment. These spare parts are delivered by the continental stock (for 
locals located in the USA) or by the worldwide stock (for locals located in Europe and the Far 
East and sometimes for locals located in the USA in case of a stockout at the continental 1 

) • 

Usually additional spare parts needed in the USA are shipped via the continental in Tempe. In some cases, 
spare parts needed in Fishkill, located in the east of the USA, will be shipped directly from Veldhoven to 
Fishkill, without the interference of the continental in Tempe, located in the south-west of the USA. 
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3.4 Information processing 

3.4.1 

In order to control the spare parts flow, an information system is used: XBMS (Xerox Business 
Management System). The mainframe is located at ASML Veldhoven and terminals are available 
at almost each local. In XBMS, data regarding the spare parts of all stock locations - except the 
agencies in the Far East - are available. The data are kept in two different databases: the Part 
Master File contains all static data of spare parts and the Branch Master File contains the 
dynamic data of spare parts per stock location (appendix E). An integral part of XBMS is 
Ardelion: a management information system, used by Service. In Ardelion, data are filed 
regarding the repair by replacement (RxR) usage of spare parts. 

Information processing at a local 

A failure of a wafer stepper that can not be resolved by the operator or the customer's service
organization will be reported to the nearest local office: a customer call. A field service engineer 
will be assigned to the incident and if necessary, he will contact the customer to get (more) 
detailed information about the failure. Based on both the information and the experience, the 
field service engineer will decide which spare parts possibly will be needed. At the customer's 
site corrective maintenance will take place: the fault is isolated, in general the failed module is 
replaced and the stepper is tested. Usage of spare parts at the customer's site is reported to a 
local's clerk, using a field service report, completed by a field service engineer. Based on these 
reports, all spare parts used by the local's field service engineers are entered in XBMS at the end 
of each working-day. The agencies taking care of the service of wafer steppers in the Far East, 
do not have an XBMS-terminal at their disposal (yet). Usage of spare parts is reported to ASML 
by fax. 

As both the spare parts assortments and the stock levels of locals are limited, spare parts might 
be needed which are not available (anymore) at locals. In such a case, a local in the USA will 
contact ASML Tempe (the continental in the USA) and other locals will contact ASML 
worldwide. In the USA, ASML Tempe will look for the nearest possibility to ship the needed 
spare parts from (another local or the continental) 2

• Otherwise, the needed spare parts will be 
shipped from ASML worldwide. In case of an out of stock at ASML worldwide, the parts might 
be taken from Manufacturing because of the serious impact on the downtime of a wafer stepper. 

The defective repairables, remaining after replacement, have to be returned to ASML Veldhoven, 
the other spare parts are scrapped. In practice, however, the return shipment of defective spare 
parts leaves much to be desired. 

3.4.2 Information processing at the continental 

The continental is responsible for: 
(a) the replenishment of the local stocks, and 
(b) the (periodical) redistribution of spare parts, as will be described below. 

The replenishment of local stocks 

At the end of each working-day in the USA, overnight processing by the XBMS mainframe at 
ASML Veldhoven takes place, partly to determine the necessary replenishment of locals to be 
taken care of by ASML Tempe. The beginning of the next working-day, a list containing the 
necessary replenishment of locals is printed at ASML Tempe. 

The locals in Austin and Boise have the possibility to look themselves for the nearest possibility, which will 
be another local or the continental. The local/continental will be contacted and will arrange the shipment. 

~ ASM Lithography 
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3 Spare parts control 

Replenishment of a local is needed if : 

XMIN > XOH + XIT 

XMIN 
XOH 
XIT 

the local's reorderpoint or stocklevel (s = S) of a spare part 
the local's quantity on hand of the same spare part 
the quantity in transit of that spare part (continental ➔ local) 

Page 12 

The necessary spare parts will be picked and shipped to the specific local the same day: each 
shipment will arrive at a local within 24 hours . The spare parts to be shipped are entered in 
XBMS: the quantities on hand at the continental stock are adjusted and the quantities in transit 
of the locals are adjusted to represent that replenishment has taken place. After receiving the 
shipment at a local, the quantities in transit will be transferred to the quantities on hand. 

The redistribution of spare parts 

As spare parts might be needed, which are not included in a local's assortment, they will be 
shipped from the continental stock to a local stock . The spare part is not always used, as the 
failure of a stepper might be caused by another part. After a certain period of time, i.e . once per 
two or three months, spare parts will be redistributed in order to conform a local's assortment to 
the prescribed one. 

Information processing at ASML worldwide 

ASML worldwide takes care of the replenishment of the local stocks in Europe and the Far East, 
the replenishment of the continental stock in the USA and the replenishment of its own, the 
worldwide, stock. 

The replenishment of the local stocks 

At the moment there is no local stock in Europe, as the local stock in Milaan (Italy) is transferred 
to Crolles (France). The only local stocks to replenish, concern the agencies in the Far East. The 
replenishment of these locals, is based upon replenishment orders, i.e. warranty requests for 
spare parts used on steppers in warranty and purchase orders, for spare parts used for non
warranty ends. 

The replenishment of the continental stock 

The replenishment of the continental stock takes place on a weekly basis. Therefore, at the 
beginning of each week the Minimum Stock Overview List is printed (figure 3.5 and appendix F). 

Logistics Veldhoven: minimum stock overview list 
(partial form) 

'····················-··--··TOTAL USA--------······-·········--' 

12NC LEVEL REQUEST LXMIN LXOH LIT xoo DONE 

SERV.430.12476 0 10 10 0 0 0 
SERV .436 .1 0741 3 0 5 4 0 1 0 
SERV .436.10924 1 7 10 3 0 0 0 
SERV .436 .14912 5 0 0 0 0 1 
SERV .436.15082 6 4 2 0 0 

Figure 3.5: Part of the minimum stock overview list (USA) 
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Replenishment is necessary if: 

"f.XMIN > "f.XOH + "f.lT + XOO + DONE 

"f.XMIN 
"f.XOH 
LIT 
xoo 
DONE 

the sum of the XMIN-quantities of all locals and the continental 
the sum of the quantities on hand of all locals and the continental 

= the sum of the quantities in transit (continental ➔ local) 
the quantity in transit (worldwide ➔ continental) 
the quantity on backorder 
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An indication of the necessary replenishment is given in the 'REQUEST'-column, included in the 
list (REQUEST = '[,XMIN - '[,XOH - '[.IT - XOO - DONE). 

If possible the spare parts will be shipped, otherwise the request will be put on backorder and a 
due date will be established. To remind the Spare Parts Control team of the backorders, each 
week a Shipments (to do} list is printed. 3 

The replenishment of the worldwide stock 

In XBMS, there is no identification of the kind or type of spare part (non-repairable fastmover, 
non-repairable slowmover or repairable). In fact, the different order systems (the forecast-based 
MRP-I method and the (s-1,s) order-up-to-level system) are used for all spare parts. 
To generate the necessary replenishment orders, MRP-I is used for all spare parts. The way 
future requirements are retrieved, however, differ per type of spare part. 

The replenishment of non-repairable fastmovers 

The (relatively) high usage of non-repairable fastmovers, enables forecasting future requirements. 
Forecasting is necessary, as future requirements cannot be based on customer orders. 
Forecasting the future requirements takes place on a monthly basis as the usage data, based on 
the data concerning the shipments from Veldhoven, are processed per month. The shipments 
data of all spare parts are downloaded from XBMS in order to run a PC-program for forecast 
purposes (all spare parts are considered). The forecast is expressed in a number of pieces per 
month and equals zero for the non-repairable slowmovers. 

The forecasts are entered in XBMS and the replenishment of non-repairable fastmovers is based 
on the weekly MRP-I run. Once reordering is necessary, the period order quantity will be used for 
the future requirements of both Service and Manufacturing, which depends on the ABC
classification of the factory part. Figure 3.6 represents an MRP-I run for a spare part with 
explosion, because not spare parts but factory parts are ordered. 

On a daily basis, spare parts are considered for which the sum of the quantities on hand in the USA equals 
zero or one and does not equal the sum of the XMIN-quantities. Each day a list containing these spare 
parts is printed in order to react as soon as possible. 
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SERVICE PART 12NC = SERV.435.29881 
available (on hand) = 2 
safety stock = 0 
orderquantity = L4L (lot-for-lot) 
leadtime = 1 period (for packing) 

I PERIOD I 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 
Forecasted requirements 4 5 

Scheduled receipts 1 

Net available 2 3 3 - 1 -1 -1 -1 -6 -6 -6 

Net requirements 1 5 

Planned order due 1 5 

Planned order release 1 5 

FACTORY PART 12NC = 4022.435 .29881 

available (on hand) = 15 
safety stock = 5 
POQ = 4 periods 
leadtime = 4 periods 

I PERIOD I 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 
Service requirements 1 5 

Manufacturing requirements 5 4 4 5 5 5 4 5 4 

Gross requirements 5 5 4 5 5 10 4 5 4 

Scheduled receipts 21 

Net available 10 5 0 17 12 7 -3 -7 -12 -16 

Net requirements 3 4 5 4 

Planned order due 16 

Planned order release 16 

Figure 3.6: An MRP-I run for a spare part (with explosion) 

The replenishment of non-repairable slowmovers and repairables 

For non-repairable slowmovers and repairables, forecasting future requirements in a time-phased 
manner is almost impossible, i.e. the forecast in MRP-I usually equals zero . Therefore the (s-1,s) 
order-up-to-level system is used . 
Each week a Logistics overview (figure 3. 7 and appendix F) is printed to review the inventory of 
(especially) non-repairable slowmovers and repairables. This report contains a 'FREE'-column, 
which is included to indicate possible shortages : 

El XOH + XOO + XCPO - XBO and FREE = El - XOP 

El 
XOH 
xoo 
XCPO 
XBO 
XOP 

the economic inventory 
the quantity on hand 
the quantity on order 
the quantity on computer planned order 
the quantity on backorder, and 
the reorderpoint (stocklevel s), equals the usage during the leadtime 

If a 'FREE'-column contains a value less than zero, reordering is necessary. The non-repairable 
fastmovers usually reflect a positive value as forecasts are made about one year ahead and 
repairables or non-repairable slowmovers might reflect a value less than zero . 
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Logistics Veldhoven: minimum stock overview list 
(partial form) 

•------------------------VELDHOVEN---------------------- • 

12NC LEVEL FREE XOP XOH xoo XCPO XBO 

SERV .430.12254 4 -1 2 0 1 0 0 
SERV .435 .00065 3 10 6 12 6 
SERV.435.29881 6 70 31 18 0 84 
SERV .436.10644 1 -1 4 0 6 0 3 
SERV .436.12031 6 3 2 5 0 0 0 

Figure 3.7: Part of the minimum stock overview list (Veldhoven) 
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Once reordering is necessary, the (future) shortage will be ordered. This (future) shortage will be 
entered in MRP-I as a requirement in the first period possible, which will usually be the period 
right after the leadtime . The ordering of spare parts is based on the weekly MRP-I run. 

The PC-program: establishing/reconsidering reorderpoints, forecasts, levels and XMIN's 

At the beginning of each month, the (new) shipments data of the month before have become 
available. The shipments data are downloaded to run a PC-program for reorderpoint, forecast, 
level and XMIN proposals. Reconsideration is necessary because a change in shipments may 
require a change in reorderpoint, forecast, level and XM IN-quantity. 
Based on these shipments data, for each spare part (12NC): 
(1) the new reorderpoint (XOP) is established; the shipments in the previous twelve months are 

used to determine XOP as the usage during the vendor's leadtime, rounded off upwards; 
(2) the new forecast is calculated; the shipments in the previous twelve months are used to 

determine the forecast as the average number of shipments per month; 
(3) the new level is determined; based on the shipments in the previous twelve months, the 

spare part might be assigned to another level, which will result in 
(4) adjustment of XMIN-quantities as the part's level has changed; 

Some precaution is necessary, as the shipments data not necessarily represent real usage: 
(a) shipments as a result of changes in XM IN-quantities at locals and/or at the continental 

might be included; 
(b) shipments as a result of buying a minimum stock by a customer might be included; 
(c) backorders, which also may include usage data, are not taken into account . 
As a result, personal interference is necessary to correct the outcomes for differences in 
shipments and real usage. 

Besides the corrections to be made for the differences as mentioned above, other corrections 
take place. Running the PC-program results in several proposals for adjustments in reorderpoints, 
forecasts, levels and XMIN-quantities. However, changing these data in XBMS, is not always 
desirable: 
( 1) the reorderpoint sometimes should not be changed as, for example, some safety has been 

included in the current reorderpoint to cover for some kind of fluctuation; 
(2) the forecast sometimes should not be changed as, in case of a higher forecast than the 

current one, it will cause nervousness in MRP-I, i.e. it will lead to reschedule-in messages; 
(3) the XMIN-quantity sometimes should not be changed as, for example, some locals want to 

keep more parts in stock than the prescribed quantity. 

~ ASM Lithography 
~ 



3 Spare parts control Page 16 

3.5 Summary 

In this chapter, current practice regarding spare parts control has been described . As a summary 
of this chapter, the reader is referred to the last page of this report , conta ining an overview of 
current practice . 
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4 An analysis of current practice 
Performance indicators, theory and a review of current practice 

4. 1 Introduction 

In order to conclude about the current performance at ASML performance indicators have been 
used. Performance-indicators are variables indicating the effectiveness and/or efficiency of the 
whole process or system, or a part of it, against a given norm/target or plan (8, 1 OJ. 
Besides some performance indicators, this chapter will deal with theoretical aspects of spare 
parts control, which might be of use to ASML. Finally, current practice at ASML will be reviewed 
and the problem areas will be indicated. 

4.2 The performance indicators 

The performance indicators that have been used in order to analyse the effectiveness of the 
inventories stocked at locals and the continental in the USA concern the Customer Service 
Degree (CSD), the Customer Service Degree within 24 hours (24CSD) and the Service Degree 
Logistics (SOL), all investigated by the projectteam and derived by extracting data from XBMS. 
Figure 4.1 shows the relationship between the performance indicators and the different parties 
involved in this judgement process. 
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Performance measurement 

Customer Service Degree within 24 hours ············ ········ ............ .. (24CSDI ...... ..... ..... .. .. .. .. 

Customer Service Degree ... ...... ... ... (CSD) ······ ·· · ... 

r-------------------- ---- -- -------~--- ---, 
1 I 
I I 
1 WORLDWIDE CONTINENTAL LOCAL 
I I 

---'--<! y -------.y ____.y ------.----
1 

I 
I 
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'- -- ---- -- -- --- -- --.~ ------ - - - -- -- _ ___ , _ -- : -- - .J 

Service Degree Logistics 
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Figure 4.1: Performance measurement in the USA 
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CSD is defined the direct availability at the customer's site of all parts needed by the service
organization for repair by replacement usage (which may also include factory parts). CSD 
concerns the service degree experienced by the customer. In formula: 

CSD = ( 1 _ number of needed parts not available) x 1 00% 
total number of parts needed 

24CSD is defined the availability within 24 hours at the customer's site of all parts needed by 
the service-organization for repair by replacement (which may also include factory parts). 24CSD 
concerns the service degree within 24 hours, experienced by the customer. In formula: 

24CSD = (1 _ number of needed parts not available within 24 hours) x 1 00% 
total number of needed parts 
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SOL is defined the availability of all spare parts needed by the service-organization which are part 
of a local's spare parts assortment, i.e. spare parts with XM IN> 0 at the specific local. SOL 
concerns the service degree experienced by Service and indicates the performance of Logistics. 
In formula: 

SDL = (l _ number of needed spare parts with XMIN > 0 not available) x 
1 

00% 
total number of needed spare parts with XMIN > 0 

These three indicators are measured per local stock in the USA and for the USA as a whole . 
Figure 4.2 represents CSD, 24CSD and SOL in the USA as a whole. 
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Figure 4.2: CSD, 24CSD and SDL in the USA 

The USA customer service degree is measured against a target of 95% and for the 24CSD a 
target of 98 % is used. These targets have been arbitrary chosen and therefore are not related to 
the required operational stepper availability. The CSD, 24CSD and SOL have only been used to 
get a (first) impression about current performance . 
The fall in CSD and SOL from week 17 till week 22 has been caused by the introduction of new 
locals: registration in XBMS took place already, but no spare parts were kept in stock . 
Disregarding this fall one could state that although assortments and stocklevels are established in 
a quite emotional way, the performance can be regarded quite effective. The figures drawn per 
local, however, vary quite a lot : as stocklevels have been established in an emotional rather than 
a rational way, some locals did perform better than other locals . The differences in figures per 
local not only concern Logistics: differences in capacities and experience of field service 
engineers also play a part: some field service engineers perform corrective maintenance in 
accordance with a neat fault analysis, whereas others replace an integral part. 

The figure above is difficult to draw for the worldwide stock . Data about backorders are 
available, but the term backorder is not used in a proper way: the backorders also include 
customer orders which may be delayed, shipments due to a change in reorderpoints (XMIN
quantities) and initial stock orders for a new local. 
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Regarding the efficiency of the inventories stocked at locals, continental and worldwide, the 
investment in the spare parts inventories involved with current practice will be presented and 
some inventory characteristics will be discussed. 

As the effectiveness concerned the USA as a whole, the investment in spare parts inventory in 
the USA is represented (figure 4 .3) . The investment in spare parts inventory at ASML worldwide, 
the th ird echelon, amounts to (March 14, 1994) . 

PAS 5500 

Service Inventory USA 
(in dutch guilders) 

0 AS 5000/50 

PAS 2500 

Figure 4.3: Investment in spare parts (USA) 
IXBMS, March 14, 19941 

An important characteristic of inventories in general, is the turnover rate of stock or stock 
turnover, which equals the ratio of average inventory and average demand (in numbers or in 
terms of money) in a certain period of time, reflecting the number of turns per unit of time. This 
turnover rate of stock or stock turnover in the USA equals about 1. 7 turns per annum (measured 
over January 1, 1 993 until July 1, 1994). Compared to the results of a study by Coopers & 
Lybrand, regarding service operation strategies of the 90s, among internationally major players in 
the high-technology industry in both Europe and North America, this stock turnover can be 
considered average (the best demonstrated practice for inventory turns turned out to be 2.6 
turns per annum, whereas the worst case was only 0.3 turns per annum) (4]. This 'low' stock 
turnover is caused by some typical characteristics of spare parts inventories. Some of these 
specific spare parts inventory characteristics, will be discussed next . 

Regarding the worldwide usage, a Pareto-analysis has been carried out, which is represented in 
figure 4 .4 . This figure shows that only 5% of the items (i.e. 68 spare parts from a total of 1360 
current spare parts) represent almost 80% of the annual guilder (or dollar) usage. This extreme 
Pareto-curve is caused by the low frequency of demand for the greater part of the worldwide 
spare parts inventory. 
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The frequency of demand of spare parts, represented in figure 4.5, shows that the majority of 
spare parts can be regarded slowmoving, which is an important characteristic of spare parts 
inventories. The figure shows that almost half of the spare parts did not move last 18 months, 
i.e. there exists an on average low stock turnover . However, excluding these spare parts from 
the assortment may have serious consequences once such a part is needed and might lead to 
excessive costs. 

Despite the typical characteristics of spare parts inventories, a gain in efficiency seems possible 
as in current practice, the stocklevels at the locals and the continental are established in a 
somewhat emotional way . 

4.3 Theoretical aspects of spare parts control 

Based on a literature study, some theoretical aspects of inventory control of spare parts will be 
discussed [9) . 
In inventory control, usually three key questions play a part: 
( 1) when to review the inventory; 
(2) when to order, and 
(3) how much to order. 
When comparing inventory control of spare parts to inventory control of production parts, an 
additional key question needs to be answered : (4) which spare parts will be included in the 
assortment. The choice of this assortment is an important management issue, as a wrong choice 
will either lead to a waste of financial assets or customer dissatisfaction. 
As a start, spare parts have to be identified, which in general is based upon the probability of 
failure of a part . Once the spare parts are known, the definition of the spare parts assortment 
needs to take place. As will be seen not all spare parts will be included in the spare parts 
assortment . This decision depends on a number of criteria . These criteria - as described in 
literature - concern : 

(1) the frequency of demand; 
(2) the origin of demand ; 
(3) the essentiality or criticality; 
(4) the price; 
(5) the leadtime; 
(6) the repairability. 

These criteria will be discussed next. 
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(1) The frequency of demand 

Spare parts demand shows a large diversity in the frequency of demand : 
- demand varies from very low to very high; 
- in general, just a few items represent the greater part of demand. 
Figure 4.5 in the preceding section already showed this diversity. The spare parts characterized 
by a high demand, i.e. fastmovers, can be controlled using the models of SIC (Statistital 
Inventory Control). For spare parts characterized by a low demand, i.e. slowmovers, often an 
estimation by experts is necessary as slowmovers hardly can be controlled using the models of 
SIC, due to the absence of enough historical data . For spare parts characterized by a very low 
demand, i .e. insurance type items, the decision to be made concerns the stocking of zero, one or 
two parts as the very low demand corresponds to a probability of failure during the system's 
lifetime being less than one. 

(2) The origin of demand 

As in common inventory control, the demand process is also used in spare parts control in order 
to answer the key questions. The maintenance concept provides the information about the origin 
of demand: 
- usage dependent maintenance: maintenance, which is initiated by the passing by of a 

predetermined period of usage, independent of the condition of a part at that specific moment; 
- condition dependent maintenance : maintenance, which is initiated by reaching a specified 

condition; 
- failure dependent maintenance: maintenance, which is initiated by the occurrence of a failure. 
Spare parts demand originating from preventive maintenance - i .e. usage dependent and 
condition dependent maintenance - can be regarded deterministic as preventive maintenance is 
performed according to a maintenance plan. Based on such a plan it will not be necessary to 
keep the required spare parts in stock if the planning horizon of the maintenance tasks exceeds 
the leadtime of the specific spare part. However, part of the spare part demand may originate 
from corrective maintenance - i .e. failure dependent maintenance - and can be regarded 
stochastic as corrective maintenance can not be performed according to a maintenance planning . 
Therefore, spare parts necessary for corrective maintenance need to be considered while 
establishing the spare parts assortment. 

(3) The essentiality (or criticality) 

Essentiality (or criticality) is defined the degree in which waiting for a specific spare part is not 
allowed, or the degree in which a spare part is indispensable. Fully indispensable or highly 
essential means that waiting for the specific spare part is not allowed as the technical system is 
not able to perform its function anymore. Such spare parts need to be included in the spare parts 
assortment in case of the absence of a redundant system and a limited capacity. It might also 
occur that a failure of a spare part causes a subsystem to fail which is not necessary for the 
functioning of the system as a whole . Such spare parts with a moderate or low essentiality 
might be excluded from the spare parts assortment, depending on the leadtime of those spare 
parts . 

(4) The price 

While defining a spare parts assortment, the price of a spare part is also an important criterion to 
be used, because of the presence of financial restrictions: 

fastmovers with a relatively low price are included in the assortment; 
slowmovers and insurance type items reflecting a relatively low price, usually will be included 
in the spare parts assortment to decrease the delay time in case such a spare part is needed 
(a limited risk); 
for the remaining parts, i.e. spare parts with a relatively high price, other criterions are used 
as represented in this section 
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(5) The leadtime 

Spare parts with a very short leadtime (the supplier is located next to or near the company) 
might be excluded from the spare parts assortment . This assumes that the parts are always 
available at the supplier, i.e . the supplier keeps his own stock of the specific spare part. Spare 
parts with a very long leadtime, however, will be included in the assortment as the penalty cost 
in this case will be much higher. 
The leadtime of a spare part is an important criterion in case demand for that spare part can be 
controlled using a maintenance planning or in case that spare part can be considered moderate or 
less essential. If the leadtime is unacceptable, it will be necessary to keep the spare parts in 
stock. In a one-echelon environment, the leadtime concerns the purchasing leadtime, whereas in 
a multi-echelon environment different leadtimes occur. Usually the leadtimes between echelons 
are short and therefore the use of maintenance plannings and the concept of essentiality is even 
more applicable and can be used to decide about moving a stock upstream, i.e. to the next 
higher echelon. 

(6) The repairability 

Literature shows a division of spare parts into two categories, based upon the characteristic 
repairable or non-repairable. The repairables might be excluded from the spare parts assortment if 
the repair-leadtime is acceptable . In practice, however, repairables are included in the spare parts 
assortment to serve as rotables : the failed part is replaced by a new or repaired rotable and after 
repair the part will be returned to stock. It is necessary to keep an additional number in stock to 
cover for the repair-leadtime and sometimes scrap: turnaround. 

Based upon the criterions as described above, three control methods can be distinguished. Each 
spare part can be assigned to one or a combination of these control methods: 

(a) The use of maintenance plannings 
This control method can be used if at least a part of the demand depends on planned 
maintenance actions. 

(bl The use of Statistical Inventory Control {SIC) models 
This control method can be used if planned maintenance actions cannot be used and the 
frequency and distribution of demand enable control by means of SIC. 

(cl Decide on an incidental basis 
This category is necessary in case demand is independent of planned maintenance actions 
and the frequency of demand is too low to use statistical methods . 

4.4 A review of current practice 

4.4.1 

Based on the description and the analysis of current practice and taking into account the 
theoretical aspects, a review of current practice will take place per echelon and for the system as 
a whole . 

The control structure for the system as a whole 

Forecasting future requirements at ASML worldwide, is the most suitable way to cope with 
future demand : the low usage at a local hardly enables forecasting to take place, whereas the 
combined usage data of locals (and the continental) enable ASML worldwide to forecast an 
aggregated demand. As forecasting future demand by locals is hardly possible, the use of the 
time-phased DRP-1 (Distribution Requirements Planning) in order to control the spare parts flow, 
does not make sense. Therefore, other control methods must be considered . 
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By using an (s-1,s) order-up-to-level system at both locals and the continental and , thus, not 
using fixed order quantities, real demand is passed on to the next higher echelon. Therefore the 
effects as described in the Forrester studies - known as the Forrester effects - can be avoided . 
This advantage partly justifies the use of the (s-1,s) order-up-to-level system at both the 
continental and the locals . 

The criterions origin of demand and essentiality, as described in the previous section about 
theoretical aspects of spare parts control, are not used by ASML in defining the required spare 
parts assortments. The use of these criterions - when applicable - might lead to a reduction of 
total inventory as in case of plannable demand and/or low essentiality, spare parts might be 
stocked at a higher (more centralized) echelon, i.e. the customer order decoupling point for such 
spare parts can be moved upstream. As a gain in efficiency, due to a reduction of total 
inventory, seems possible, the applicability of these criterions will be investigated. 

4.4.2 The first echelon: the local stocks 

In current practice, the only criterions used in defining the spare parts assortments concern the 
frequency of demand and the costprice. As already stated, literature shows more criterions to be 
used in defining a spare parts assortment, like the origin of demand and the concept of 
essentiality . 
In the past, complaining customers caused increases in stocklevels. In order to realize a well
balanced inventory, the current 'emotional' way of establishing reorderpoints (XMIN-quantities) 
will be replaced by a rational one. Therefore a model will be developed to calculate required 
stocklevels taking into account the installed base to support by a specific local as well as the 
service demands of its customers . 
The use of an (s-1 ,s) order-up-to-level system is regarded most efficient as the spare parts 
concerned are characterized by a relatively low usage and Forrester effects can be avoided. 

4.4.3 The second echelon: the continental stock (USA) 

In accordance with the spare parts assortments and stocklevels of local stocks, the spare parts 
assortment stocked at the continental and the stocklevels have also come about in a rather 
'emotional' way . Therefore, a rational way of defining the assortment and establishing 
stocklevels will be looked for. 
The (s-1 ,s) order-up-to-level system can be regarded most efficient as the spare parts concerned 
are characterized by a relatively low usage and as in this case real demand is passed on to the 
next higher echelon and Forester effects, thus, can be avoided. 
The continental stock is currently located in Tempe, Arizona, with just one wafer stepper for 
demonstration and training to support. Within the projectteam the idea existed that this location 
might not be the optimal one: the availability of the wafer stepper at Tempe is less essential than 
the availability of wafer steppers operating at a customer's site . Transferring the continental 
stock to(wards) a local stock will result in an improved service degree of that specific local, with 
a possible reduction in (total) inventory. In case of moving the continental stock, however, all 
other locals need to be supplied within the same time or less than in the Tempe-case. Therefore, 
internal transport in the USA will be investigated . Appendix G contains an overview of the stock 
locations in the USA . 

4.4.4 The third echelon: the worldwide stock 

In order to supply the continental stock and the local stocks, different order systems are used to 
control different types of spare parts: non-repairable fastmovers, non-repairable slowmovers and 
repairables . All usage data, necessary for these control methods, are derived from the shipments 
data, registrated in XBMS. These shipments data not necessarily represent real usage data, as 
seen in the previous chapter. Therefore, real RxR usage data should be used. 
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For forecasting future requirements of non-repairable fastmovers, the moving average method is 
used. For all parts, the same value for N, i.e. the number of periods in the past used in 
forecasting the future requirement, is used. N, however, should be chosen in such a way that 
resulting forecast errors are minimized. Exponential smoothing is an alternative method for 
forecasting future requirements, with the advantage of less data to be kept to establish the 
forecast than in the moving average method. Exponential smoothing also gives more weight to 
more recent data. Therefore, exponential smoothing is favourite . The parameter used in 
exponential smoothing (the a-value) will be chosen in such a way that resulting forecast errors 
are minimized. Spare parts usage might be characterized by a trend, which currently is not 
covered by any formula: trend corrections, if noticed, are made manually. Double exponential 
smoothing will be described in order to cover for trend also. 
For slowmovers, the (s-1,s) order-up-to-level system is used. This order system might not be the 
most suitable one, as the period order quantities used by Procurement to order the gross 
requirements of both Service and Manufacturing are neglected. A different order system will be 
looked for, taking into account these period order quantities. 
Safety currently does not exist. For parts needed by Manufacturing a safety stock is used to 
cover for scrap, fluctuating requirements and (sometimes) fluctuating leadtimes, but not for 
Service purposes. Safety will be necessary to cover for fluctuating demand and perhaps 
fluctuating lead times. 
Currently it is unknown how to take into account repaired repairables coming available in stock. 
Worldwide stock control of repairables needs to take into account the repair circuit in order to 
minimize inventories of repairables, especially for both financially and stochastically relevant 
repairables. Other repaired parts coming available in worldwide stock will be considered a piece 
of luck. This, however, will lead to some kind of 'overstock' at the worldwide stock. By pushing 
this overstock into the field, the service degree can be enhanced. An allocation policy will be 
necessary which deals with allocation of spare parts in case of overstock . 

4.5 Summary 

In this chapter, an analysis of current practice regarding spare parts control has been described 
and in order to conclude about current practice, performance indicators, indicating the 
effectiveness and the efficiency, have been used . CSD, 24CSD and SOL have been determined 
in order to get a first impression about current practice. Theoretical aspects of spare parts 
control have been dealt with and current practice has been reviewed. The most important 
shortcoming is the lack of knowledge concerning the definition of spare parts assortments and 
the calculation of required stocklevels. 
Based on the review of current practice and the problem areas that have been indicated, the next 
chapter will deal with the redesign of the logistics concept. 
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5 Redesigning the logistics concept 
The alternative control of the spare parts flow 

5. 1 Introduction 

This chapter will deal with the redesign of the logistics concept. A logistics concept structures 
the way of controlling the flow of a particular category of parts. In fact, a logistics concept is a 
set of rules, prescribing which goods movements when, where, by whom and how to perform, in 
order to get the right part, in the right place, at the right time and at the lowest cost. 

5.2 Decoupling points in (service-)logistics 

5.2.1 

A decoupling point (DP) can be defined the point indicating how deep (upstream) a customer 
order penetrates the logistics process of a supplier 171 . The DP separates the order-driven 
activities from the forecast-driven activities and can be regarded the point where independent 
demand is translated into dependent demand . A decoupling point coincides with an important 
stock, i.e. the stock from where the customer has to be supplied. The choice of the position of a 
decoupling point in a procurement, production and distribution process is an important decision 
to be made while establishing a logistics concept. Usually this choice is a matter of weighing 
market demands, e.g. the desired delivery time by the customer, and the throughput times in the 
procurement, production and distribution process. The objective is to move the decoupling point 
upstream in order to minimize total system inventory, without neglecting the customer to be 
served. The choice of the decoupling point nearly corresponds to defining the different spare 
parts assortments in the echelon-structure. 

Characteristics determining the position of the decoupling points at ASML 

The characteristics playing a part in deciding about the position of a decoupling point in general, 
concern the market characteristics, the product characteristics and the process characteristics 
(7). 

Market characteristics 

In general, the wafer stepper constitutes a critical part in the production process of a customer. 
Therefore, a high stepper availability is required . To ensure a high availability of a stepper 
operating at the customer's site, short delivery times of spare parts are required in order to 
perform corrective maintenance (repair by replacement) as soon as possible. The high stepper 
availability, as required by the market, and, implicitly, the short delivery times of spare parts, 
limit the possibility of moving the decoupling point upstream. 

A second market characteristic concerns the delivery reliability. Unreliable processes after the 
decoupling point will reduce the delivery reliability. Therefore, the decoupling point should be 
positioned in such a way that no unreliable processes occur downstream . 

Product characteristics 

An important product characteristic concerns the essentiality of a spare part, which has been 
discussed in the previous chapter. A high essentiality limits the possibility of moving the 
decoupling point upstream as in this case very short delivery times are required, whereas in case 
of a moderate or a low essentiality the decoupling point can be moved upstream as a certain 
delivery or waiting time is allowed. 
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As the idea existed that the concept of essentia/ity might be applicable at ASML, it has been 
introduced to several employees of the ASML Service department, because of their experience 
and as they are closely related to the customers. After a short introduction about essentiality of 
spare parts, a proposal has been made to divide the spare parts into different classes or 
categories in accordance with Patton [ 11], corresponding to the throughput times involved in the 
distribution process. 
The proposed categories concerned: 
( 1) spare parts which, after failure, have to be replaced as soon as possible for safety reasons 

or due to serious production losses (stepper down); 
(2) spare parts which, after failure, do not have to be replaced immediately as they contribute 

to degraded operation, for which a certain waiting time (e.g. 24 hours) is acceptable; 
(3) spare parts which, after 'failure', do not have to be replaced immediately as they do not 

cause serious production losses and even do not contribute to degraded operation; in this 
case a longer waiting time (e.g. one week, or even more) is allowed. 

The employees have been asked for their opinion concerning the applicability of this concept at 
ASM Lithography, but unfortunately hardly any answer has been received. After an interim 
meeting, in which this lack of response was raised, the decision was taken to neglect this 
concept of essentiality : at ASML there might exist spare parts which are not essential, but it will 
concern such a low percentage of the total number of spare parts, that just a very small gain 
could be achieved. 

A second product characteristic, which has also been discussed in the previous chapter, 
concerns the origin of demand. Demand originating from preventive maintenance might be 
controlled using a maintenance plan, which increases the possibility of moving the decoupling 
point upstream. In case demand originates from corrective maintenance, and, thus, cannot be 
controlled using a maintenance plan, moving the decoupling point upstream is limited. 
The possibility of using maintenance plannings in order to control demand originating from 
preventive maintenance has been investigated for the PAS 5500 wafer stepper as a pilot group . 
The maintenance concept of this wafer stepper prescribes the preventive, periodical replacement 
of some spare parts. The prescribed replacements and the findings, concerning actual 
replacements, are included in appendix H. 
These findings are somehow surprising. Although the maintenance concept of a PAS 5500 wafer 
stepper prescribes frequent replacements of several parts, lamps seem to be the only parts which 
are replaced in accordance with the maintenance concept. This possibly means that a number of 
preventive maintenance tasks are not performed because the maintenance concept is much too 
strict. Not performing these preventive maintenance tasks might, however, also cause other 
parts to fail more frequently. Therefore, preventive maintenance should be reviewed in order to 
take the necesary actions, which is beyond the scope of this study. 
Based on the current findings, maintenance plannings will not be of any use to ASML and 
therefore cannot be used in deciding about the position of the decoupling point . Only two parts 
used for preventive maintenance show a high demand: lamps. Due to the nature of a lamp, 
keeping them in stock will always be necessary as lamps will also be needed for corrective 
maintenance. The demand, originating from preventive maintenance may be a substantial part of 
total demand, but using maintenance plannings to control this partial demand is hampered by 
some facts : 

not all preventive maintenance tasks are performed by ASML Service; thus, not all demand is 
plannable; 
as lamps are the only parts frequently used for preventive maintenance, just a small gain in 
inventory reduction will be enabled against some reasonable efforts. 
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The frequency of demand is also a product characteristic to be considered. A low frequency of 
demand, particularly in a distribution process, might force the decoupling point to be moved 
upstream, especially in case a low frequency of demand goes together with a relatively high 
costprice (another characteristic to pay attention to). In case of a high frequency of demand 
together with a high costprice, it is also desirable to move the decoupling point upstream in order 
to avoid high inventory costs in a divergent distribution structure . 

Another product characteristic to be taken into account while deciding about the position of the 
decoupling point concerns the obsolescence risk . The obsolescence risk is partly determined by 
the previously mentioned characteristics frequency of demand and costprice, but is also present 
in case of a short product life cycle or in case a part or product is subject to modifications 
(which in fact also reduces the life cycle) . Presence of obsolescence risk forces the decoupling 
point to move upstream . This obsolescence risk definitely exists at ASML. A number of spare 
parts is subject to modifications and there are a lot of spare parts for which there exists 
uncertainty in demand , especially in case of the (very) slowmoving parts, constituting a great 
part of the total spare parts assortment. However, spare parts subject to modifications often can 
be 'upgraded' . 

Process characteristics 

There is one process characteristic, which should be taken into account while deciding about the 
position of the decoupling point : the throughput times in the procurement and distribution 
processes . The throughput times in the distribution process are quite stable and relatively short, 
whereas the throughput t imes in the procurement process for buy- items and the production 
times for make-items are relatively long and might fluctuate in time. 

5.2.2 The possible locations of the decoupling points at ASML 

In order to decide about the decoupling point(s) to be used for (categories of) spare parts, the 
first step is to distinguish between the possible decoupling points . Regarding ASML four possible 
decoupling points can be distinguished . These possible decoupling points (DP's) are represented 
in figure 5 . 1 . 
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The possible decoupling points can be described as follows: 

DP1 · buy or make and ship to local stock': in this case the local stock is the decoupling 
point; as ASML is operating with the objective to realize an availability of wafer 
steppers, accepted by the customers, a certain decoupling stock near the customer is 
necessary; 

DP2 'buy or make and ship to continental stock': in this case the continental stock is the 
decoupling point; a certain waiting time is allowed, but still short delivery times can be 
realized; 

DP3 'buy or make for worldwide stock': the decoupling point coincides with the worldwide 
stock; 

DP4 'buy or make on order': the decoupling point is located at the supplier; this decoupling 
point can only be used if the (very) long throughput time involved is acceptable for a 
customer. 

5.2.3 The allocation of categories of spare parts to a decoupling point 

In order to allocate spare parts to a certain decoupling point, the characteristics, as described in 
the previous section, need to be combined into different categories . 
Summarizing the characteristics determining the position of the decoupling point, moving the 
decoupling point upstream is preferred in case of : 

( 1) a low essentiality of spare parts; 
(2) plannable demand, i .e. demand originating from preventive maintenance; 
(3) the presence of obsolescence risk (partly determined by (4) and (5)); 
(4) a low frequency of demand; 
(5) a high costprice 

and, moving the decoupling point downstream in case of : 

(1) (very) short delivery times, required by the market (customers); 
(2) a high essentiality of spare parts; 
(3) demand originating from corrective maintenance; 
(4) long and/or unreliable througput times in the preceding stage(s). 

Based on the investigations concerning the applicability of the product characteristics (see 
previous section), the only remaining characteristics to take into account in determining the 
position of the decoupling point concern the required delivery times, the throughput times, the 
frequency of demand, the costprice and the obsolescence risk of spare parts . 

Delivery times should be short, but don't have to be equal for all spare parts . The decoupling 
points must be chosen in such a way that the objective - the realization of the required 
availabilities within financial constraints - will be attained. It will be hardly possible to make a 
clear distinction between the decoupling points: 

- DP1: spare parts with a sound balance in frequency of demand and costprice; 
- DP2: spare parts with a high obsolescence risk and spare parts with a relatively high costprice 

(reducing obsolete costs and inventory holding costs by centralization); 
- DP3: spare parts with a (very) high obsolescence risk and spare parts with a (very) high 

costprice (reducing obsolete costs and inventory holding costs by centralization) . 
- DP4: this decoupling point will not exist as the througputtime will be such long that the 

required delivery time can not be achieved; 

~ ASML" h h ~ -~ at ograp y 
~ 



5 Redesigning the logistics concept Page 29 

5.3 The revised control structure 

5.3.1 

The logistics concept at ASML has to be redesigned in such a way, that the current and future 
customer needs will be satisfied within financial constraints. The customer needs concern the 
required operational availabilities of the wafer steppers. The first step in the redesign concerned 
the identification of possible customer order decoupling points at ASML. 
Now that the customer order decoupling points somehow have been identified, for each echelon 
the control structure will be described in accordance with the key questions to be answered in 
inventory control of spare parts : 
( 1) Which spare parts will be included in the spare parts assortment? 
(2) When to review the inventory? 
(3) When to order? 
(4) How much to order? 
By applying the concept of decoupling points, the first question has been answered partially. 

Control of the local stocks 

In current practice, spare parts assortments at locals have been defined using the spare parts 
characteristics frequency of demand and costprice separately. These assortments have never 
been related to the resulting operational availability of wafer steppers. Therefore, some kind of 
model will be necessary to decide about the assortment and the optimal inventory levels of spare 
parts to be stocked at locals, for any specified operational availability. In accordance with the 
wish of ASML, the model to be developed should also enable budgetary decisions, like which and 
how much spare parts to include in case we want to spend for example a thousand guilders 
more. 
In accordance with the identification of the different decoupling points, spare parts assortments 
and stock levels at locals should be determined, based on a sound balance in frequency of 
demand and costprice. Within the projectteam, a first attempt in balancing these two 
characteristics has been made by dividing the usage of a spare part by the cost of that spare 
part. By sorting all spare parts on descending usagelcostprice value, priorities for allotment of 
spare parts to the assortment are achieved. A list has been prepared, containing all spare parts 
with their usagelcostprice value, their contribution to the (expected) service degree and the 
resulting (expected) customer service degree and resulting investment in spares (appendix J). 
Disadvantages of this method concern the fact that it is impossible to decide about the stocking 
of more than one unit and the fact that the expected customer service degree cannot be related 
directly to the required operational availability of wafer steppers. Therefore, another solution has 
to be found. 

In literature, a lead has been found in the works of Sherbrooke [ 1 21. Sherbrooke has developed 
mathematical modeling techniques to determine the optimal inventory levels, by item and 
location, for any specified system availability or total investment in spares. His book was written 
for the logistician who is concerned with one or more systems or end equipments and with the 
percent of time that they are operational. The resulting model, known as the Multi Echelon 
Techniques for Recoverable Items Control (METRIC), has been succesfully implemented in the 
area of military forces. 

System approach versus item approach 

Instead of using the item approach, used in traditional inventory theory, the system approach is 
used . In the item approach, the spares for an item are determined by formulas that balance the 
costs of holding inventory, ordering and stockout . Decisions on the number of spares on an item 
to stock are made without considering other items . The disadvantage of the item approach is 
that the availability and total investment in the system of items are uncontrolled outputs of the 
item decisions. The system availability or investment may be inappropriate. 
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Figure 5 .2 : An availability-cost curve 
[Sherbrooke ( 1992), an example] 
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The availability and investment targets should be inputs to the decis ion-making process, which 
can be achieved by applying the system approach . The system approach results in an availability
cost curve of efficient system alternatives, represented in figure 5 .2. 

Marginal analysis 

Sherbrooke starts with a single-site inventory model for repairable items. The assumption he 
makes, is that each item is equally important and that a backorder for any item is equally serious 
in that a system is down (spare parts are regarded equally essential) . It is also assumed that 
cannibalization is not performed to consolidate backorders onto the smallest number of systems . 
The objective is to compute optimal stock levels for each item . This stocklevel , s , is a constant 
and equals the number of units on hand (OH), the number of units of stock due in from repair 
and resupply (DI) and the number of backorders (BO): 

s = OH + DI - BO 

The stock is assumed to be controlled by the (s-1 ,s) order-up-to-level system . 

The expected number of backorders, given a stocklevel s, EBO(s), is defined: 

EBO(s) = P(Dl=s+1) + 2P(Dl=s+2) + 3P(Dl=s+3) + = I (x -s)P(Dl=x) 

where P(DI = x) denotes the probability of having x units due in from repair or resupply . The 
expected number of backorders is a non-negative quantity and when s = 0, the expected number 
of backorders equals the mean of the distribution, EBO(0) = E[X]. If the stock level of an item is 
increased, the backorders will decrease. The use of the expected number of backorders, enables 
measuring the duration of shortages, whereas the expected fill rate or service degree, only 
measures what happens when demand occurs . 
To develop an optimal backorder-versus-cost curve, a technique, called marginal analysis , is used 
and Sherbrooke proves that it produces an optimal curve. For this proof, the reader is referred to 
Sherbrooke [12]. At each step in the algorithm only one value for each item is looked at to 
determine the next item that should be bought . The marginal or incremental value provides all the 
information necessary on each item : the marginal decrease in expected backorders divided by the 
item cost (c): 

EBO(s-1) - EBO(s) 

C 
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This is the increase in system effectiveness per unit of cost, obtained when an additional unit of 
that item is selected for stockage . 

The primary measure of performance is availability, the expected percentage of systems that is 
not down at a random point in time . If there is only one system, the availability is the percentage 
of time that the system is operational. 
The availability considered by Sherbrooke, concerns the operational availability, the expected 
number of systems not down for maintenance: 

. I ·1 b ·t · 100 MTBM operat,ona ava, a , ,ty = x ------
MTBM + MDT 

where MTBM is the Mean Time Between Maintenance and MDT is the Mean Down Time due to 
spares, maintenance (corrective and preventive) and other delays resulting from maintenance 
action . A system is operational if it is not down for either maintenance or supply . The operational 
availabil ity is computed as the product of two availabilities, maintenance availability and supply 
availability : 

MTBM 
maintenance availability = 100 x ----------

MTBM + MCMT + MPMT 

MTBM 
supply availability = 1 00 x 

MTBM + MSD 

where MCMT is the Mean Corrective Maintenance Time, MPMT is the Mean Preventive 
Maintenance Time and MSD is the Mean Supply Delay . 

The Mean Delay Time (MDT) in the operational availability formula equals the sum of the Mean 
Corrective Maintenance Time (MCMT) , the Mean Preventive Maintenance Time (MPMT) and the 
Mean Supply Delay (MSD) : 

MDT = MCMT + MPMT + MSD 

The product of maintenance availability and supply availability is a good approximation to 
operational availability if each availability is high . The more precise computat ion is recommended 
at low availabilities . 

The operational availabil ity is broken into the two availability components , because it simplifies 
computation. Once the maintenance manning, test equipment and preventive maintenance policy 
have been defined, the maintenance availability can be calculated , independent of the stockage 
policy. Supply ava ilability is independent of the maintenance policy and is computed as a 
function of the stockage policy: 

I 
z 

supply availability = 100 x n {1 - EBO (s)l(NZ)} · 
I I I 

i •1 

with the constraint that EBO;(s,) ::; NZ; for every item i. Z; is the number of occurrences on a 
system of the ith item and N is the number of systems . This formula shows that minimizing the 
sum of backorders is equivalent to maximizing availabil ity . 
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The algorithm can be summarized as follows: 

( 1) For each item, compute the expected number of backorders for succeeding values of the 
stocklevel, s, starting with s = 0: 

EBO(s) = E[Xl if s=O 

EBO(s) l: (x-s) P(X=x) ifs> 0 
x-s•1 

where E[X] and P(X = x) are computed based on the best suitable probability distribution. 

(2) For each item, calculate the marginal decreases in expected backorders divided by the item 
cost: 

EBO(s-1) - EBO(s) 

C 

(3) Compute the desired supply availability, necessary to achieve the required (expected) 
operational availability: 

desired supply availability 
operational availability 

maintenance availability 

(4) Compute the supply availability to start with, i .e. the supply availability in case no spare 
parts are kept in stock: 

supply availability = 100 x n(1 - EBO (O)INZ{ 
I I 

(5) Increase the stocklevel, s, with one, for that item with the highest marginal decrease in 
expected backorders divided by unit cost and calculate the resulting supply availability: 

. . . I ., b ·z· 1 -EBO(s) new supply avaJ/abJ/1ty = o d supply ava, a , 1ty x 
1 -EBO(s-1 l 

Repeat this step until the desired supply availability has been reached. 

The algorithm for investment or budget constraints is analogous to the algorithm described 
above: spare parts are allocated to the spare parts assortment, according to step (5), until the 
budget constraint has been reached. 

Based on the marginal analysis, as described above, spare parts assortments and stock levels at 
locals can be defined . 

To achieve an optimal result from marginal analysis, the probability distribution to be chosen 
needs to be the most suitable one. A requirement for a probability distribution is that P(X = x) is 
non-negative for any x and the sum of probabilities over all x equals one. Only those probability 
distributions are considered where X is a discrete random variable taking on values 0, 1, 2, .... 
Since random failures are the primary type of failures for which the model is designed, the 
Poisson distribution is used by Sherbrooke. 
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The Poisson distribution is given by: 

(mTYe-rnr 
P(X=x) = ----

x! 
X = 0, 1, 2, ... 
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where m is defined as the average annual demand and T as the average time period measured in 
years. The mean, µ, equals mT and can be regarded the average demand during time period T, 
which can be considered either the repair cycle time or the resupply/replenishment cycle time. 

Applying marginal analysis at locals and testing the assumptions 

In order to apply marginal analysis at locals, the required input parameters need to be known: 

( 1) (initial) demand rates for all spare parts; 
(2) the resupply cycle time; 
(3) Mean Time Between Maintenance (MTBM); 
(4) Mean Corrective Maintenance Time (MCMT) or Mean Time To Repair (MTTR); 
(5) Mean Preventive Maintenance Time (MPMT); 
(6) the required operational availabilities. 

Instead of using Mean Time Between Maintenance (MTBM), the currently used Mean Time 
Between Failures (MTBF in the formula on page 3) can also be used . This requires the MCMT and 
MPMT (or MTTR) to be expressed as a fraction of this MTBF. 
These required parameters will be dealt with in more detail in the next chapter. 

As already stated, in marginal analysis the Poisson process is assumed to represent demand. 
Demand rates furthermore need to be nearly constant in time, which is another assumption . 
These assumptions have been tested for a number of spare parts per stepper type, varying from 
spare parts with a very low demand to spare parts with a very high demand . Some of the results 
have been included in appendix K. 

A database-application has been developed in order to perform some analyses and to test the 
model, based on historical data. 

Sensitivity analysis 

Sensitivity of marginal analysis has been analyzed for some input parameters (appendix L). 

Some results in short: 

(1) deviations in demand rates of 50% compared with the estimated ones, result in an 
operational availability that deviates approximately 2.6% compared with the required one 
(95% in the testcase); 

(2) an MCMT (or MTTR) deviating 50% compared with the expected time, results in an 
operational availability that deviates approximately 0.3% compared with the required one 
(95% in the testcase); 

(3) deviations in the resupply cycle time of 50% compared with the expected one, result in an 
operational availability that deviates approximately 2.3% compared with the required one 
(95% in the testcase). 

Marginal analysis, therefore, is most sens1t1ve for errors in estimations of demand rates (a 
different resupply cycle time than assumed also implies an error in estimating demand rates). 
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Testing the model 

The model has been tested for a large local: data about the worldwide repair by replacement 
usage in 1993 have been used in order to determine both spare parts assortment and required 
stocklevels . The outcome of the test, i.e. the performance of marginal analysis, has been based 
upon the repair by replacement usage data in the first half of 1994 of that specific local 
(appendix M). 

Review period and resulting supply cycle time 

The length of the review period influences the length of the resupply cycle time. The longer the 
review period, the longer the resupply cycle time. A longer resupply cycle time causes an 
increase in inventory costs. A shorter resupply cycle time, however, causes an increase in 
transportation costs. The effect of the length of the resupply cycle time on both kind of costs 
has been investigated (appendix N). 

Based on the results, a short resupply cycle time is advocated, which implies that the review 
period should equal one day. 

The resulting order system, concerns the (s-1,s) order-up-to-level system: inventory is reviewed 
on a daily basis and, if necessary, replenishment takes place (replenish up to s). 

A different approach for lamps 

Lamps, the most frequently used parts, show a variance-to-mean ratio, which equals more than 
one and therefore demand for lamps cannot be represented by a Poisson process. The reason for 
the larger variance-to-mean ratio concerns the fact that a number of customers use fixed order 
quantities, which do not reflect actual usage, and the fact that a number of customers replace 
lamps in a preventive way for all their steppers on one and the same day. 
If lamps would also be considered in marginal analysis, there would always remain a certain 
probability of stockout. As lamps are used very frequently and a failure of lamp disables 
production, backorders for lamps are not accepted (by customers) and, thus, require a different 
approach. 

In current practice, also an exception has been made for lamps. In the past, backorders for lamps 
never occurred and that's why current practice regarding lamps (at both locals and the 
continental in the USA) has been investigated. Due to a lack of response, no conclusion can be 
drawn. 

Control of the continental stock 

Regarding the location of the continental stock, three alternatives exist: 
( 1) not using a continental stock at all; 
(2) moving the continental stock to a local or a more centralized location; 
(3) keeping the continental stock at the current location (Tempe, Arizona) . 

Not using a continental stock at all, has the possible advantage of reducing total system 
inventory in the USA but will involve costs for closing the current continental office. Total 
system inventory might decrease by the fact that the continental inventory will disappear, which 
leads to an increase of local inventories as the replenishment cycle times increase (direct 
shipments from Veldhoven will be necessary which in all probability will lengthen the 
replenishment cycle time). Assuming a transition from a replenishment cycle time of two days to 
a replenishment cycle time of one week (replenishment from Veldhoven), changes in inventory 
holding costs have been investigated for different numbers of wafer steppers (appendix N) . 
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This transItIon will lead to a substantial growth of inventory holding costs and as the installed 
base will still grow in future, closing the continental office is not advised, also because long(er) 
delivery times in case of an out of stock will not be accepted by (most of) the customers . 

Besides possible advantages of moving the continental stock, several disadvantages exist . 
Moving the continental stock will involve costs for closing the current office and costs for 
extending an existing local office or costs for creating a new continental office . As there remains 
a growth of the installed base in the USA, both in the number of steppers per site as in the 
number of sites, the choice of the optimal location will be a tough one . This choice has to be 
based on a random picture, which, in future, definetely will be subject to changes . Furthermore 
transportation times from the possible locations need to be known. A start with the investigation 
of these transportation times has been made, but as there is hardly a response from ASML 
Tempe, no conclusion can be drawn. Fact is , that at the current location, Tempe, good 
connections exist with the various local stock locations. 

Above statements justify the preservation of the current stock location. 

For the control of the continental stock, some alternatives exist: 
( 1) extending marginal analysis in accordance with the METRIC-model of Sherbrooke, which 

means optimizing inventories over two echelons ; 
(2) the use of the (s-1 ,s) order-up-to-level system , with s based upon the (two-weekly) 

replenishment cycle, extended with (some) safety and somehow looking at this echelon 
separately . 

Extending marginal analysis to a two-echelon structure in accordance with the METRIC-model of 
Sherbrooke (12] has the advantage of an optimal distribution of the spares inventories . However, 
the use of METRIC is hampered by some facts : 
(1) METRIC can only optimize spares inventories for one value of operational availability and, 

thus , different requirements concerning the desired operational availabil ity of wafer steppers 
at different locations cannot be realized in an optimal way ; 

(2) the dynamic environment in which METRIC must be used, will lead to more frequent 
recalculations, with several shifts of inventories as a result; recalculation will also take place 
for locals where no (environmental) changes occur; 

Furthermore, marginal analysis is accepted by ASML Logistics as a tool for stockdecisions at 
locals, but extending marginal analysis to the (little) less comprehensible METRIC-model is not 
advocated by ASML. 

In case the continental stock will be established using an (s-1 ,s) order-up-to-level system, 
somehow ignoring the echelon-structure, calculations can be made for each separate stock 
location , once a considerable change occurs . Spares inventories might not be allocated in an 
optimal way, but this also cannot be realized by applying the METRIC-model. 

Therefore, the use of the (s-1,s) order-up-to- level system, with s based upon the two-weekly 
replenishment cycle extended with safety is preferred. The difficulty that remains in this case is 
the amount of. safety to be added. Backorders that almost certainly occur at the continental 
stock, will influence the resulting operational availabilities of wafer steppers to be supported by 
the various locals , as in case of backorders (direct) shipments from ASML worldwide need to 
take place . If direct shipments from ASML Veldhoven to the various locals in the USA are 
possible within the same resupply cycle time, the amount of safety to be added (the required 
service degree of the continental stock), can be det ermined by weighing the cost effects that are 
involved with safety . The higher the service degree (the safety to be added), the higher inventory 
costs and the lower the costs for emergency shipments from Veldhoven . The optimum can be 
determined according to figure 5 .3 . 
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Page 36 

Based on the information of Physical Distribution, the current forwarding company (ChartAir) is 
probably not able to deliver within the required time . Backorders on average could be delivered 
within four days. To realize shorter delivery times, another forwarding agent would be necessary. 
As this is beyond the scope of this study, the calculation of the optimum according to figure 5.3 
cannot take place. Backorders (to be delivered by the current forwarder), therefore, must be 
limited as much as possible in order to reduce the impact of these longer delivery times as much 
as possible. 
In marginal analysis to be used at locals, a 100% service degree at the continental stock is 
assumed. Therefore, the service degree of the continental stock must approach the theoretical 
100%-limit. 
The assortment of the continental stock, thus, has to cover for almost all items. Somehow 
reducing the obsolescence risk at the continental stock, it is advised not to include spare parts, 
which have not been used in the past (almost half of the worldwide spare parts assortment in 
current practice). For the remaining spare parts the theoretical 100% limit of service degree 
should be approached. However, by using the so-called 0-1 lists at ASML worldwide Veldhoven 
(see footnote 3, page 13), and thus anticipating on possible future backorders, a less higher 
service degree, e.g . 98 % , is acceptable . 
The stocklevels, s, must be determined based on the average demand during the (two-weekly) 
replenishment cycle, extended with safety. As demand at locals is assumed and (somehow) 
tested to be represented by a Poisson process, demand at the continental stock can also be 
regarded a Poisson process according to the proposition of Kolgomorov: the sum of Poisson 
processes is also a Poisson process. 
In order to determine the required stocklevels, a choice can be made between the item approach 
and the system approach. By applying the system approach, i .e. by using marginal analysis also 
for the continental stock, the required service degree can be met at minimum cost. The 
obsolescence risk is also taken into account in marginal analysis and will be reduced, as 
especially items with a very low demand together with a very high costprice will be somehow 
ignored. 

A different approach for lamps 

For lamps, another approach is necessary, because lamps are not replenished by ASML 
worldwide as lamps needed in the USA are purchased in the USA . The current way of dealing 
with lamps might be an appropriate method , as backorders for lamps have never occurred. 
Maybe an improvement is possible, but the lack of response disables any conclusion. However, 
as lamps are the only items, the possible gain might be very little. 
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5.3.3 Control of the worldwide stock 

5.3 .3.1 

In order to supply the continental stock in the USA and the local stocks in Europe and the Far 
East, inventory at Veldhoven is necessary. As future demand is uncertain, forecasting needs to 
take place. As demand at locals can be regarded very low, the (aggregated) demand will be 
forecasted at ASML Veldhoven . Based on the forecast an order system is necessary to decide 
when to review the inventory, when to order and how much to order. 
For the control of the worldwide stock, the following spare part types are distinguished: 
( 1) non-repairable fastmovers; 
(2) non-repairable slowmovers; 
(3) non-repairable 'ultra' slowmovers; 
(4) repairables. 
The different order systems to be used for these categories will be discussed below . 

The control of non-repairable fastmovers (indication: usage ~ 15 per year) 

Spare parts demand can be regarded quite irregular in time. Future demand is uncertain and 
cannot be based on customer orders as demand has to be delivered from stock in order to realize 
the objective: realization of the required operational availabilities. Therefore, the only possibility 
to meet the future needs is to forecast demand based on historical (RxR usage) data. 
Two theoretical forecasting techniques will be described in short: the moving average method 
(currently used) and exponential smoothing, both flexible forecasting techniques, based on 
(fluctuating) historical demand as future demand is unknown 15, 13, 15) . 

The (double) moving average method 

The moving average method uses the historical demand in the past N periods as the basis for the 
forecast for the coming period(s). In formula: 

11 x +x + +x 
t t-1 t-N•l 

x,.,(t) = ---------
N 

where x,., (t) is the forecasted demand at period t for period t + 1 . Each period a new forecast 
will be established as new data will become availabe. N, the number of periods to take into 
account, is the parameter to be chosen . 
The method can be used if demand is fluctuating around a mean demandµ. In practice, however, 
time series seldom fluctuate around the same mean. A jump in demand sometimes occurs and 
forecasts need to be adjusted to the changed mean. If a small value is assigned to N, the 
adjustment will take place soon . If N concerns a rather high value, it will take some time before 
forecasts are adjusted to the changed mean. 
It will be much more complicated when the demand pattern is characterized by a trend. In case 
of a trend in demand, the forecasts will systematically be behind demand . The double moving 
average method can be used in case demand is characterized by a trend . 

(Double) exponential smoothing 

Exponential smoothing is also an obvious forecasting technique in case future is unknown: 

I\ I\ 

x,.,(t) = a.x, + (1-a)x,(t-1) 

where a. is the smoothing constant (0 <a.< 1), ~ •• 1 (t) is the forecasted demand in the next 
period, x, is the (historical) demand in period t and x\(t-1) is the previous forecast (made in period 
(t-1) for period t) . 
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The forecasted demand further ahead equals the forecasted demand in the next period: 

I\ I\ 

x,+<(t) = x,.1 (t) t = 2, 3, 4, ... 

Using a high value for a, fast responses to changes in demand are enabled, whereas the use of a 
low a-value enables a stable planning as forecasts just gradually change (figure 5.4). Compared 
to the moving average method the use of a low a-value corresponds to the use of a high value 
for N and vice versa. 
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Figure 5.4: Exponential smoothing 
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The difference between the moving average method and exponential smoothing is the weight 
assigned to the observed (historical) demand : in the moving average method a constant weight is 
assigned, whereas exponential smoothing assigns an exponential decreasing weight to more 
historical data. An advantage of exponential smoothing compared to the moving average 
method, is the fact that exponential smoothing requires less data to be kept. 

When demand is characterized by a trend, (single) exponential smoothing is inefficient as 
forecasts will systematically be behind demand (figure 5 .5) . In case demand is characterized by a 
trend, the formula should be adjusted for the trend . 
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Figure 5.5: A trend in demand 
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However, when there is no trend in demand the use of such an adjusted formula will show a 
negative influence on the forecasting error [ 1 3] . 

The method by Holt is a smoothing method, applicable for time series characterized by a trend 
(5, 13, 15). This method is based on the following equations: 

A A A 

x,.,(t) = a.x, + (1 -a)(x,(t-1) + z , (t-1 )) 

"' with z,(t-1) the estimated growth per period (the slope), estimated in period (t- 1). This equation 
shows that ~, +1 (t) is corrected for the estimated trend. The new estimated trendcomponent, 
~ •• , (t), is defined: 

A A A A 

z,.,(t) =P(x,.,(t) -x,(t-1)) +(1-l3)z,(t-1) 

with P the smoothing constant (0 < P < 1) . 

Forecasts further ahead in future, equal : 

A A A 

x,., ,(t) = x,., (t) + iz,., (t) 

,. 
with x, . 1 +i(t) the forecasted demand for period t + 1 + j . 

Determining the optimal parameter values 

For data with no trend (or seasonal effects), the only parameter needed is a.. Since 0 <a.< 1, the 
best parameter value can be approximated by selecting the lowest resulting Mean Squared Error 
(MSE) from testing a. in 0 .05 increments (5). When more than one smoothing factor is required, 
different possible combinations can be tested to obtain the combination with the lowest MSE. 

The MSE is calculated as follows: 

n A 

L(X; - x)2 
i •l 

MSE 
n 

with n the number of observations or time periods. 

MRP-1 nervousness and the planning horizon 

Changing the forecasts for non-repairable fastmovers, each time new usage data have become 
available, will cause nervousness in MRP-I , if the forecasts are adjusted within the leadtime, i.e. 
it will lead to either reschedule-in or reschedule-out messages. This nervousness might be 
reduced by choosing a low a.-value in the forecasting formula . To avoid the nervousness 
completely, one could also consider the forecasts within the leadtime to be fixed . Thus, the new 
forecast made in period t will not serve as input for period t + 1, but for period t + 1 + I, with I the 
leadtime of the specific part. 
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Within the order policy of ASML, the planning horizon should exceed the leadtime with more 
than one period, depending on the ABC-classification of the underlying factory part of a specific 
spare part. The planning horizon for A-items should (at least) equal the leadtime plus six weeks, 
the planning horizon for B-items should (at least) equal the leadtime plus three months, for C
items a planning horizon should be used in the order of (at least) the leadtime plus six months 
and for E-items the planning horizon should equal the leadtime plus one year. 

In case of large deviations between demand and forecasts, interference will be necessary. In 
order to enable interference, such large deviations must be signalized. 

Feedback about forecasts 

A tracking signal is advised to be used to indicate when the forecasting model should be revised: 
when a basic change in demand dictates a change in the forecasting model parameters 
[5, 13, 15). It is simply a method of evaluating when a forecast exceeds a tolerable limit. The 
tracking signal (TS) is calculated by the following formula: 

s 
TS r 

r MAD 
r 

where S, is the sum of the forecast errors and MAD, is the mean absolute deviation at period t . 
The tracking signal is the ratio of the cumulative forecast error to the corresponding value of the 
Mean Absolute Deviation. S, and MAD, must be recalculated after each period and this requires 
the storage of a long data history . 

Therefore, a simple exponential smoothing for revision of S, and MAD, is recommended: 

S, = ye, + (1,)S,_
1 

MAD =ylel +(1 1 )MAD 
t t r-1 

with y the exponential smoothing constant between 0 and 1 . This formulation reduces the data 
storage requirements and also gives more weight to more recent S, and MAD, values. The 
recommended range of the smoothing constant y is from 0.01 to 0.10 [ 13] . 

The resulting tracking signal is compared with predetermined limits, upper and lower. Errors that 
fall within limits are judged acceptable, while errors outside limits are a signal that corrective 
action is needed . If the forecasting model is unbiased, the cumulative forecast error should be 
small compared to the MAD. Hence, a large tracking signal indicates biased forecasts and an 
inappropriate forecast model, e.g . there exists a trend in demand, which is not covered by the 
current forecast model. 
When starting with using a tracking signal, the limits should be chosen small in the beginning, 
which causes signalizing while nothing is wrong. These limits must be increased later on, in order 
to avoid too much signals for acceptable errors. 

Safety for fastmovers 

Safety is needed because forecasts or estimations are less than perfect and suppliers sometimes 
fail to deliver on time. There should be protection against these unfavorable contingencies . 
Safety has two cost effects : it decreases the cost of stockouts (i.e . it increases the service level) 
and it increases holding costs. The possibilities for safety concern safety stock and safety time 
[21 . Safety time is an alternative to be used: it releases an order earlier than necessary, as the 
leadtime is extended with some time to cover for fluctuations. 
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Safety stock is defined Kcr1 + ,, with K the safety factor and cr1 +, the standard deviation during the 
leadtime plus the review period. This standard deviation equals: 

a • j 1L.-1a' ,., f 

with L the average leadtime, r the length of the review period and cr, the standard deviation of 
the forecast errors per unit of time: 

/\ n 

cr, = s, 

1 n 

m Ee, 
n ,_, 

with n the number of available values of et and e1 the forecast error at period t: 

/\ 

e, = x, - x,(t-1) 

If there is no constant leadtime, the safety should be extended to cover also for fluctuating 
leadtimes. Based on the information of Procurement, however, leadtimes can be regarded nearly 
constant at ASML. 

The K-value to be used depends on the amount of safety to be added . By applying marginal 
analysis at locals with the assumption of a 100% service degree at the (next) higher echelon, K 
should be chosen rather high, in order to approximate this high service degree. The value of K 
can be derived from the normal distribution table, assuming that forecasting errors are normally 
distributed (appendix P) . 

5 .3.3.2 The control of non-repairable slowmovers (indication: 2 _$_ usage per year < 15) 

Forecasting future requirements is complicated: a mean demand may be known, but the moment 
of demand cannot be determined exactly. Thus, a time-phased planning for slowmoving spare 
parts is hard to make. To control the slowmovers, an order system must be chosen out of the 
available systems: (8,0), (B,Sl, (s,Q) or (s,S) . While choosing among these order systems, the 
order policy at ASML (the use of period order quantities) should be taken into account. 
Therefore, the (s,S) order system is advised (appendix C) . 

The reorderpoint (s) is defined: 

with 

µ
1
.,. = the average demand during the leadtime (/) plus the review period (r) 

cr,.,. = the standard deviation during the leadtime (/) plus the review period (r) 

K = safety factor 
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The maximum stock level (S) should be determined, taking into account the order policy : 
A-items : S = s + expected demand for six weeks; 
B-items: S = s + expected demand for three months; 
C-items: S = s + expected demand for six months; 
E-items: S = s + expected demand for one year . 
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By applying this control method, period order quantities to be used are somehow guaranteed: if 
reordering is necessary (if economic inventory is below the stocklevel s), ordering up to S takes 
place . In case demand is very low, the method will be equal to the (s- 1,s) order-up-to-level 
system, which is currently used. 

The effect on the requirements of Manufacturing 

For Manufacturing, the same parts (factory parts) are necessary. The order & delivery policy at 
ASML is planned to be used for ordering the sum of the net requirements of both Manufacturing 
and Service: once reordering is necessary : the gross requirements should be ordered. As spare 
parts are considered separately from the requirements of Manufacturing, three different 
s ituations might occur: 
(1) the requirements of Service are needed earlier than the requ irements of Manufacturing : the 

gross requirements will be ordered earlier; 
(2) the requirements of Service coincide with the requ irements of Manufacturing : in this case 

the gross requirements will be ordered in the right period; 
(3) the requirements of Manufacturing are needed earlier than the (at that moment) unknown 

requirements of Service: for Service a requirement at the size of (S-EI), with S the maximum 
stocklevel and El the economic inventory at that moment, will be ordered together with the 
necessary requirements of Manufacturing. 

In this way, it is possible to stick to the required order policy. 

Stocklevels and safety 

As demand for slowmovers is low and equals the sum of demand at locals, a Poisson process 
(µ='A., er= ✓'A.) is assumed to represent the demand process . The assumption of a Poisson 
process representing the demand process for slowmovers, can be tested, using the 'goodness of 
fit' or 'chi-square ' test (appendix 0). 
Due to the low demand, safety stock is preferred over safety time : it will be better to actually 
keep the extra spare part(s) in stock. The stocklevel or reorderpoint (s), can be determined , 
based on the required service degree (appendix R). The lower yearly demand, the higher the 
obscolescence risk . However, the service degree of the worldwide stock should approximately be 
100%. Taking into account the obsolescence risk, a less higher service degree must be 
accepted, with a high service degree for cheaper slowmovers and a less higher service degree for 
the valuable slowmovers . 

5 .3.3.3 The control of non-repairable 'ultra' slowmovers (indication : usage per year equals zero or one) 

All spare parts defined by MSE (Manufacturing Service Engineering) have a probability of failure . 
Keeping the spare parts in stock is often necessary to avoid customer dissatisfaction, but is 
involved with a high obsolescence risk in case of 'ultra' slowmoving parts. Demand for this type 
of spare parts has sometimes never occurred or happened just once . For this type of parts 
history cannot be used to determine optimal stocklevels according to the SIC-models . The 
number of spare parts to be kept in stock, should be derived from MSE . Two situations might 
occur: usage takes place or usage does not take place . In case usage has taken place, it is 
advised to reorder that particular part. For a lot of spare parts, however, usage does not take 
place. Therefore, it is advised to have these non-repairable 'ultra' slowmovers revised 
periodically, e.g. yearly, by MSE. MSE should determine whether it is desirable to keep these 
spare parts still in stock or not. If not, the parts can be used by Manufacturing. 
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The reverse might also occur : sometimes parts, which have not been defined spare parts (factory 
parts), are needed by Service . This happened several times in the past and therefore, it is 
advised to ask M SE for their opinion regarding the failure: is there any chance the failure might 
occur again, the part should be defined a spare part and should be added to the worldwide spare 
parts assortment. MSE, in such a case, should get adequate information from Service regarding 
the circumstances that led to the failure . 

5.3.3.4 The control of repairables 

Only the stochastically and financially relevant repairables will be taken into account in the 
planning process. The remaining repairables are disregarded and a return to worldwide stock is 
considered a piece of luck. 

Besides the stock in the field, additional stock will be required to cover for two important 
aspects, which need to be taken into account: 
( 1 ) the repair cycle time; 
(2) the occurrence of scrap in the repair-circuit, i.e . the srapfactor. 

Obviously, a faster repair cycle and a low scrapfactor pay off in the need for fewer spare parts. 
The repair cycle time consists of a number of elements: 
(a) the field return time: the time from a local to ASML worldwide; 
(b) the time between receipt at Veldhoven and shipment to vendor for repair; 
(c) the in-transit time to vendor; 
(d) the repair-leadtime at the vendor; 
(el the in-transit time from vendor. 
For each repairable this repair cycle time needs to be determined and controlled . The scrapfactor 
will be based on historical data and is expressed as a percentage of the defective repairables that 
cannot be repaired anymore. 
Given the repair cycle time and the scrapfactor, a choice has to be made out of two methods, 
which could be used to control the repairables : 
(1) a time phased planning for the receipt of repaired parts (MRP-1); 
(2) the determination of a turnaround, i .e. an additional number of spare parts to be kept in 

stock. 
A time phased planning for the receipt of repaired parts is complicated by the fact that the 
receipt must be forecasted, based on the forecasted requirements in time, which might lead to 
serious forecasting errors. Therefore, a time phased planning is not preferred . 

The determination of a turnaround is preferred and will be based upon the scrapfactor, the repair 
cycle time and the supplier's leadtime. Without the occurrence of scrap, the turnaround (T) 
should equal the (worldwide) usage during the repair cycle time (extended with some safety). 
However, scrap (s) occurs, and therefore the formula should be extended : 

T = ((1 - s) x usage during repair cycle time) + (s x usage during leadtime) + safety 

Safety 

The safety to be added needs to cover: 
fluctuating demand 
fluctuating leadtimes (both the leadtime of a new part and the repair-leadtime); 
a (perhaps) fluctuating scrapfactor. 
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An allocation policy 

Repaired parts coming available in worldwide stock will be allocated to stock locations in the 
field. Based on the model to be developed for stock decisions, related to customer demands and 
installed base to support, for each local and the continental, the initial stock (s) will be known. A 
priority rule to be used for allocating the returned repaired repairables (and perhaps other types of 
spare parts), taking into account the echelon inventories per item type in the different branches 
is described below [ 14 l: 
Upon receipt of an order at Veldhoven, one can send the item(s) to several destinations: USA, 
Northern Europe (NE), Southern Europe (SE) or Asia. The first part should be sent or allocated to 
the area with the lowest percentage (P) of its original system stock currently available. In case of 
equal P's, the part should be sent or allocated to the highest priority area 
It might occur that more repairables are available at worldwide stock, than was planned . In these 
cases, i.e. usually for financially and stochastically irrelevant repairables, the 'overstock' will be 
pushed into the field. The allocation of such repairables will be based on a priority rule, dictating 
the repairable to be sent to that local serving the most important customer or to that local where 
the decrease in expected number of backorders will be most significant . Pushing this inventory 
into the field will, of course, lead to overstock in the field, which needs to be taken into account 
while reviewing stocklevels at the worldwide stock. 

5.4 Summary 

In this chapter, a start has been made with the redesign of the logistics concept . After somehow 
identifying the decoupling points to be distinguished, the different echelons have been looked at 
separately. For local stocks and the continental stock, particularly the determination of spare 
parts assortments and required stocklevels has been described and for the worldwide stock 
changes in existing control structures have been dealt with. The next chapter concerns the move 
towards the actual implementation of the proposed changes. 
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6 Organization and information 
... towards implementation 

6. 1 Introduction 

In this chapter, the required organization and information, necessary to implement the changes in 
service logistics at the different stock locations, are considered. It is just a first step towards the 
implementation, with recommendations for the projectteam which will actually carry out the 
implementation. As some kind of summary, this chapter ends with a plan for the implementation 
of the different changes . 

6.2 The local stocks 

6.2.1 Getting started 

To make the marginal analysis, to be used to control the local stocks, work, it will be necessary 
to get adequate information about each local's characteristics (in future on a periodical basis): 
(a) the (estimated) demand rates for the different spare parts to supply; 
(b) the resupply cycle time; 
(c) the Mean Time Between Maintenance (MTBM); 
(d) the Mean Corrective Maintenance Time (MCMT), better known as the Mean Time To Repair 

(MTTR); 
(e) the Mean Preventive Maintenance Time (MPMT); 
(f) the required operational availabilities. 

The (estimated) demand rates for the different spare parts to supply 

As a start, the most important type of information concerns the demand rates that occur at each 
local. These demand rates can be established in two different ways: one can just consider the 
demand rates, as experienced in the past for that specific local, but one can also consider the 
aggregated demand rates, experienced in the past by all locals together. As demand rates per 
local are typically low, it will be better to use aggregated demand to estimate the different 
demand rates: e.g. a demand of only one piece for a specific spare part at just one local, will 
lead to demand rates of zero for all those locals that didn't experience demand. Thus , aggregated 
demand will be used to estimate demand rates per wafer stepper per unit of time. These demand 
rates cannot be determined by locals and will be one of the responsibilities of ASML worldwide 
(the Spare Parts Control Team). 

An important aspect, is the fact that different types of wafer steppers require different types of 
spare parts . Therefore, it will be necessary to know: 
( 1) which type of wafer steppers to support; 
(2) the number of wafer steppers per steppertype to support; 
(3) the configuration of the different steppers to support. 
This type of information, known as configuration management, can be retrieved from Ardelion, 
the service management information system, on the condition that this information is and will be 
kept up-to-date. 

Different types of spare parts required for different types of water steppers, require marginal 
analysis to be run per stepper type (roughly spoken for PAS 2500, PAS 5000 and PAS 5500 
wafer steppers separately). 
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By looking at historical data concerning the repair by replacement usage only, spare parts with a 
lack of usage in history will be neglected in marginal analysis as demand rates will equal zero. 
Neglecting the probability of usage, how small it will be, will lead to an error in marginal analysis. 
As half of the (worldwide) spare parts assortment did not reflect any usage in the previous 
eighteen months, the combined error might be rather serious as all spare parts have been 
defined, based upon a probability of failure . To avoid this (large) error, marginal analysis should 
be run using the estimations of the demand rates by MSE for these spare parts . However, it is 
not desirable to add these spare parts to the spare parts assortments at locals. To avoid 
allotment of these spare parts to the assortment, some kind of artificial high costprices could be 
attached to these 'non'movers . Consequently, the probability of failure will be taken into 
account, but the marginal values (the marginal decrease in backorders, divided by the item cost) 
are such low, that these spare parts will never be added to the assortment. 

Based on the spare part demand rates per stepper per stepper type and the number of steppers 
of this steppertype to support, demand rates per local can be established per unit of time. The 
length of the resupply cycle time finally determines the expected demand rates per local within 
the resupply cycle time. 

The resupply cycle time 

The resupply cycle time concerns the cycle time that occurs between usage of a specific spare 
part and the actual replenishment of that spare part . This resupply cycle time depends on: 
(a) the time between actual usage and reporting/reordering (which includes the review period); 
(bl the time required for order picking and preparing a shipment at the next higher echelon; 
(cl the transportation time between the next higher echelon and the specific local; 
(d) the administration time involved with the final receipt of the spare part. 
These resupply cycle times need to be known, in order to determine the different demand rates 
at locals. Each local should investigate this resupply cycle time in order to proviae this 
information. 

The Mean Time Between Maintenance (MTBM) 

Instead of the Mean Time Between Maintenance (MTBM), the currently employed Mean Time 
Between Failures (MTBF) could also be used. Among other issues, this MTBF is reported by 
locals in the Monthly Field Service Reports. However, it is not a necessity to know the MTBF: 
given the operational hours of a wafer stepper (which in general correspond to 24 hours a day, 
7 days a week) and the demand rates per wafer stepper, the MTBF could be estimated. 
By applying the use of MTBF, the parameters MCMT and MPMT, which will be discussed next, 
need to be expressed as a fraction of this MTBF. 

The Mean Corrective Maintenance Time (MCMT) or Mean Time To Repair (MTTR) 

Another type of information required, is the Mean Time To Repair (MTTR) per local. This MTTR is 
not a constant that is equal for all locals (knowledge and experience definetely differ per field 
service engineer) and might fluctuate in time (there exists a learning curve for new field service 
engineers). Each local office will be responsible for the input of this parameter and therefore 
needs to follow this MTTR in time. At the moment, the registration of MTTR per local already 
takes place: the Monthly Field Service Reports contain this information. 

The Mean Preventive Maintenance Time (MPMT) 

Furthermore, the Mean Preventive Maintenance Time (MPMT) for each local needs to be known. 
For wafer steppers, not operating fulltime, there is no impact on the operational availability of 
wafer steppers, as preventive maintenance tasks are performed outside the operational time. 
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For wafer steppers operating fulltime, however, this MPMT should be considered as preventive 
maintenance in this case directly influences the operational availability. Each local will be 
responsible for this input and needs to follow MPMT in time. The previous mentioned Monthly 
Field Service Reports also contain this type of information. 

The required operational availabilities 

The required operational availabilities are the final input to the model. As marginal analysis can 
only be used for one specified operational availability and the probability exists that a local, 
serving more than one customer, is faced w ith different requirements , the highest required 
operational availability should be the objective. 

The psychology of customers 

Marginal analysis will not lead to an arbitrary decision for assortment and stocklevels. According 
to Service it will be necessary to adjust the mathematical solution for psychological reasons 
related to customers: 
( 1 ) A customer cannot be told that cheap spare parts cannot be delivered from (local) stock: as 

marginal analysis combines both usage data and costprice of an item, this mainly will not 
occur and therefore will not be a problem; 

(2) A customer cannot be told that frequently used spare parts cannot be delivered from (local) 
stock: as marginal analysis combines both usage data and costprice, it might result in an 
assortment of spare parts which doesn't cover for frequently used and quite expensive 
items. 

The latter reason leads to the wish of Service to partially influence the output of marginal 
analysis. 

Although marginal analysis can work very well at locals, meeting the requirement of operational 
availabilities, will possibly not be enough. As spare parts demand per stepper per unit of time is 
typically low, e.g. three or four spare parts a month, the service degree at a local stock does not 
necessarily have to be high, if the time needed for both corrective and preventive maintenance 
and the logistic delay time are low. Although the objective is to meet the customer's 
requirements , expressed in operational availabilities, a low service degree is not accepted in the 
psychology of customers . This will , however, cause higher stocklevels than necessary to meet 
the required operational availabilities (appendix S). 

At the moment it is unclear whether this requirement should be met or not. Customer's wishes, 
therefore, might lead to a somehow modified objective: the realization of both the required 
operational availabilities of wafer steppers operating at the customer's site and acceptable 
service degrees at local stocks . If acceptable service degrees also play a part, marginal analysis 
can still be used . The expected service degree per steppertype at a local stock could be 
determined using the following formula : 

I: EBO)s,) 
expected service degree = (1 - ,., ) x 100% 

I:µ, ,.., 

with EBO;(s;) the expected number of backorders for spare part i with stocklevel s;, µ ; = EBO;(O) 
the expected demand or the expected number of backorders when the specific spare part is not 
kept in stock and I (i = 1,2, ... , I) the total number of different spare parts per steppertype. The 
algorithm in that case, should be run untill the required service degree has been reached . 
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6.2.2 Controlling local stocks in time 

As time passes by, it will be necessary to rerun marginal analysis to conform a local's 
assortment and stocklevels to changes that almost certainly occur: 
(a) there might be a significant change in the number and types of wafer steppers to support; 
(bl there might be significant changes in the demand rates due to e.g . modifications of spare 

parts. 

However, it is not the intention to rerun marginal analysis on a frequent basis . A biannual or 
annual review is advised, in which possibly changed demand rates and a possibly changed 
installed base are considered. The proposal is to have the input parameters equal the situation 
that will exist half a year ahead, to cover for the supplier's leadtimes that occur at Veldhoven as 
changes in initial stock are beyond the forecasts used at Veldhoven, which are purely based 
upon observed usage data . 

Once a new local stock will be created, it is advised to determine the required spare parts 
assortment and stocklevels and order the required spare parts as soon as possible, i .e. as soon 
as the Sales department can provide the information and the decision to create a new stock 
location has been taken . In this case (part of) the supplier's leadtimes can be covered . 

Once serious errors occur, i .e. once large deviations in actual and required operational 
availabilities are the case, the input parameters need to be revised: 
(a) are demand rates estimated wrongly? 
(b) is MCMT (or MTTR) estimated wrongly? 
(cl is MPMT estimated wrongly? 
(d) is the resupply cycle time estimated wrongly? 
In order to signalize deviations, performance ind icators should be used in order to compare actual 
performance against the ta .-get or norm . 

Performance-indicators to be used 

The overall performance-indicator to be used at ASML concerns the resulting operational 
availability of wafer steppers, operating at the different sites . Therefore, these resulting 
operational availabilities need to be measured in order to s ignal ize (large) deviations between the 
resulting operational availability and the required operational availability , which is considered the 
target or norm. Like in current practice, Service should report these resulting operational 
availabilities to Logistics on a periodical (monthly) basis . 

As there exists an organizational separation between Service and Corporate Logistics, each 
department has its own responsibilities. Service can be held responsible for supplying adequate 
information regarding MCMT, MPMT and (part of the) resupply cycle time , whereas Corporate 
Logistics can be held responsible for supplying adequate estimations of demand rates (except for 
the 'ultra' slowmovers) and the replenishment of spare parts within the resupply cycle time. 
In order to measure the performance of these two departments, 'partial' performance indicators 
can be used: 

Service 

Once information regarding MCMT, MPMT and the resupply cycle time have been provided , 
these (estimated) times will serve as targets or norms . The actual times need to be monitored in 
time in order to see that the targets will be met . Once large deviations occur , the reason for this 
deviation needs to be searched for, which might lead to adjusting the target or norm. 
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Corporate Logistics 

For Corporate Logistics, the service degree from local stock (CSD in current practice) can serve 
as a performance-indicator reflecting the experienced service degree by the customer. Especially 
in case the service degree from local stock is of more importance than the operational availability 
of wafer steppers, i.e. once the objective will be modified into realizing the required service 
degree, this performance indicator is the most suitable one. In that case, the performance of 
Service (reflected by MCMT and MPMT) is of less importance. 

The Service Degree Logistics (SOL in current practice) can serve as a performance-indicator for 
the replenishment by Logistics. The target or norm not necessarily has to equal 100% as, given a 
certain stocklevel (s) for a spare part, the expected number of backorders when keeping s units 
in stock (EBO(s)) not necessarily equals zero. 

Norms or targets can be derived as follows: 

CSD = (1 - _,.._, ---l x 100% 
norm 

L £80(0) , 

J 

SDL 
norm 

L £80(s) 
. J J 

= ( 1 - ,., ) 
J 

X 100% 

L £80(01 
J 

For the CSD all spare parts should be considered (i = 1,2, ... ,1), whereas for the SDL only spare 
parts belonging to the assortment (stocklevel > 0) should be taken into account (j = 1,2, ... ,J). 
Measurement of these service degrees does already take place, but a refinement will be 
necessary: at the moment, CSD and SDL are reported for the local stock as a whole, whereas 
the performance should be measured per steppertype. Large deviations between target and 
reality must lead to a review of the input parameters and assumptions. 

6.3 The continental stock 

6.3.1 Getting started 

For the establishment of spare parts assortment and required stocklevels, marginal analysis will 
be used. Therefore, it will be necessary to get adequate information about the following 
parameters: 
(a) the (estimated) demand rates for the different spare parts to supply/replenish; 
(bl the resupply cycle time; 
(cl the required service degree to operate with. 

The (estimated) demand rates 

The demand rates that occur at the continental office, equal the sum of the demand rates 
occurring at the local offices. These aggregated demand rates, can be retrieved from Ardelion, 
based on the RxR usage data in the USA as a whole. 
As already stated, all spare parts should be considered in order to establish a spare parts 
assortment and corresponding stocklevels that meet the required service degree, but only spare 
parts which have been used in the past are allowed to enter the assortment. 
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The resupply cycle time 

The length of the resupply cycle time, does not have to be investigated, as it is already known. 
This resupply cycle time equals two weeks: in the first week the local stocks will be replenished 
and at the beginning of the second week replenishment by the worldwide stock takes place 
resulting in a shipment arrival at the end of that second week . 

The required service degree 

The required service degree should approximate the 100%-level, but as this theoretical limit 
hardly can be achieved, a less higher service-level, e.g . 98%, will be used, with the additional 
2% to be covered by the worldwide stock as fast as possible. As the service degrees at local 
stocks will be set to a higher target than required to meet the target of operational availability, a 
lower service degree at the continental stock is justified. The service degree must be reached per 
steppertype. 

With above parameters, marginal analysis should be run per steppertype. 

6.3.2 Controlling the continental stock in time 

As time passes by, changes in demand rates are likely to occur. Therefore, it will be necessary to 
review the stocklevels at the continental stock on a periodical basis, e.g. quarterly. This review 
will take place at ASML worldwide, as in Veldhoven the RxR usage data in the USA can be 
retrieved and as additional shipments can be taken care of as soon as possible. 

It might occur, however, that within the quarterly review, significant changes in demand occur. 
Therefore, it will be necessary to follow the performance in time, for which a performance
indicator, the service degree at the continental stock, should be used. The service degree at the 
continental stock indicates the service degree, experienced by the local stocks, which can be 
considered 'internal' customers. This SOC (Service Degree Continental) should be measured and 
reported on a periodical basis. In current practice, this does not take place and therefore the use 
of this performance-indicator should be introduced. Measurement must take place per 
steppertype and large deviations between the targets (to be determined) and reality must lead to 
a review of the stocklevels at the continental. 

6 .4 The worldwide stock 

6.4.1 

A first remark that should be made, concerns the fact that the historical data to be used for the 
different control methods, should be the RxR usage data (kept in Ardelion) instead of the 
currently used shipments data, which not necessarily reflect real usage data. However, this 
requires the RxR usage data of the Far East region, to be kept up-to-date in Ardelion, in order to 
have the actual worldwide RxR usage data available. 
A second remark concerns the fact that some spare parts are used in fixed quantities, which 
equal more than one. This will definetely cause problems in controlling the different stocks, as in 
calculating stocklevels, the use of sets of a spare part is not taken into account. Therefore, the 
spare parts assortment needs to be reviewed in order to realize the required set-definition. 

Getting started 

As a start, the spare parts must be allocated to the different control categories: 
(a) non-repairable fastmovers; 
(b) non-repairable slowmovers; 
(c) non-repairable 'ultra'slowmovers; 
(d) repairables 
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These distinctions must be made 'visible' within the information system, XBMS, and must not 
take place by simply 'recognizing' them. 

The non-repairable fastmovers 
Future requirements of these spare parts will be forecasted using single exponential smoothing 
for non-repairable fastmovers without a noticeable trend in demand and double exponential 
smoothing for non-repairable fastmovers with a noticeable trend in demand . 
For each non-repairable fastmover, the optimal a-value (and 13-value for items with a trend in 
demand) must be determined by testing the parameter value(s) in 0.05 increments and choosing 
the parameter value(s) corresponding to the lowest resulting MSE (Mean Squared Error). 
Based on the forecast errors a safety stock can be determined. 

The non-repairable slowmovers 
For this category of spare parts, the (s,S) order system will be used. For each spare part the 
stocklevel s and the maximum stocklevel S must be determined, based on historical RxR usage 
data. The safety stocks to be used, should be determined according to the formula. 

The non-repairable 'ultra'-slowmovers 
A start should be made by having MSE revise the spare parts which have not been used in the 
past two years (the available history), in order to determine whether the spare part involved 
should be kept in stock or not. 

The repairables 
After identification of the repairables, it will be necessary to get to know the repairleadtimes and 
the scrap percentages that occur, in order to determine the turnaround. If this information is not 
available, estimations should be used and information must be collected in time. 

Furthermore, an investigation of the XBMS-possibilities concerning the different order systems 
will be necessary, in order to determine the tasks that can take place automatically and the tasks 
that must be performed based on data-downloading on a PC. 

Overstock in the field 

By applying marginal analysis at locals, reductions in spare part inventories at locals are enabled. 
In the beginning, actual inventory at locals will be higher than the required one, i .e. there exists 
some kind of 'overstock' in the field. This overstock, which will also occur in case of an 
unexpected return to worldwide stock of less important repairables which will be pushed into the 
field, needs to be taken into account while replenishing the worldwide stock. Therefore, some 
kind of algorithm needs to be established . 

6.4.2 Controlling the worldwide stock in time 

The operational availabilities of wafer steppers operating in the field, are also a result of the 
performance at the worldwide stock. Not meeting the required operational availabilities of wafer 
steppers in the field, might partly be caused by a bad performance at ASML worldwide. 
As in future, changes in demand rates and assumptions, definetely will occur, periodical 
reconsiderations will be necessary in order to avoid large errors. This will be discussed per type 
of spare part. 

The non-repairable fastmovers 
In order to control the forecasts in time, the tracking signal should be used in order to signalize in 
case of unacceptable deviations. Control limits should be set low in the beginning and later on 
must be set higher to avoid too much unnecessary signals. 
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Every beginning of a new month, the RxR usage data of the previous month should be used in 
order to determine the new forecast(s). 
Exceeding the control limits must lead to an analysis or revision of the forecast method or 
parameter(s) used: 
( 1) Is there a trend in demand which is not covered by the forecast method currently used? 
(2) Is there no trend in demand, although a trend has been forecasted? 
(3) Is there a logical explanation, which does not require a change in method and/or parameters? 
If necessary, the forecast method and/or parameter(s) must be changed. 
The safety stock must be reconsidered periodically in order to change it, if necessary, by 
following e, in time. 

The non-repairable slowmovers 
Periodical, e.g. quarterly, reconsiderations of stocklevels (s) and maximum stock (S) must take 
place in order to conform these parameters to possible changes in demand. 
The historical worldwide RxR usage data should be used in order to determine both s and S. 

The non-repairable 'ultra' slowmovers 
The assortment needs to be reviewed periodically, e.g. yearly, to reconsider spare parts that 
have not been used in the previous two years. MSE needs to determine whether the spare part 
will be kept in stock or not. 

On an incidental basis, factory parts which have been used need to be considered by MSE in 
order to determine whether the factory part should be defined spare part (and added to the 
worldwide spare parts assortment) or not. 

Furthermore, on a periodical basis, the alllotment of spare parts to the different categories should 
be reconsidered. 

Modified spare parts should be allocated to one of the categories, based on the estimation of 
M SE for which possible historical data of the predecessor can be used. 

In future, however, estimations by MSE should be more exactly. In current practice, a new or 
modified spare part is roughly assigned to a level, whereas in future an estimated number of 
failures per year given the size of the installed base should be provided. 

6.5 Phases in implementation 

Before starting with the actual implementation of the necessary and/or advised changes, the 
objective should be reconsidered and actual requirements of customers need to be investigated: 
should either the operational availability of wafer steppers or the service degree from local stock 
serve as the objective? Together with this reconsideration, it will be important to agree on the 
use of marginal analysis as a tool for stockdecisions, as there exists some internal resistance: 

Before using the model, the model should be accepted within the company!!! 

When the objective is clear, a start can be made with the actual implementation. Implementation 
of the redesigned logistics concept, must take place in three succesive phases: 
( 1) introducing and realizing changes at the worldwide stock; 
(2) introducing and realizing changes at the continental stock; 
(3) introducing and realizing changes at local stocks. 
Due to the move towards a more centralized inventory structure, realizing the changes in this 
order is necessary as spare parts assortments and stocklevels at local stocks will decrease. 
Therefore, it is necessary that the required safety at especially the worldwide stock is included. 

ASM Lithography -----------



6 Organization and information Page 53 

6.6 Summary 

Figure 6.1 represents the implementation plan, which can be regarded a summary of this 
chapter . 

(0) 

( 1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

Implementation 

Introduction / awareness of necessary changes 

Internal acceptance ! ! ! 

Agree on I investigate customer's requirements, either: 
(a) operational availability as the objective, or 
(b) service degree from local stock as the objective 

Implement changes at the worldwide stock: 
(a) retrieve the available worldwide RxR usage data 
(bl identify the different control categories for spare parts, i.e. distinguish between 

non-repairable fastmovers, slowmovers and 'ultra' slowmovers and repairables 
(cl prepare the transition to exponential smoothing and the use of a tracking signal 

and determine the safety stock for non-repairable fastmovers 
(d) determine stocklevels (s) and maximum stocks (S) for non-repairable slowmovers 
(e) have MSE both review the 'ultra' slowmovers and determine about the quantity to 

be kept in stock 
(fl investigate repairleadtimes and scrap in order to determine the 'turnaround' for 

repairables 
(g) investigate the XBMS-possibilities for automatically reordering 

Implement changes at the continental stock: 
(a) agree on the expected service degree per steppertype 
(bl run marginal analysis per steppertype in order to determine the required stocklevels 

at the continental stock 
(c) introduce the performance-indicator to be used per steppertype 

Implement changes at the local stocks: 
(a) have locals report about their characteristics 
(b) investigate the exceptions to be made concerning the spare parts assortments and 

stocklevels 
(c) run marginal analysis per steppertype taking into account above exceptions 
(d) have locals report periodically about their performance (operational availabilities, 

service degree per steppertype) 

Prepare procedures for periodical reviews/recalculations 

Follow the performance in time in order to enable interactions in case of large 
deviations from targets 

Analyse and/or evaluate if necessary 

Figure 6.1: Implementation plan 
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7 Conclusions and recommendations 
Final remarks 

7 .1 Introduction 

In this final chapter, the conclusions of this study will be described together with some 
recommendations, with the original study assignment as the starting-point: 

Review the current logistics concept and introduce improvements in order to be able to cope 
with (current and) future needs. Within the logistics concept, include the development of a model 
for stockdecisions, related to customer requirements (recorded in a service contract) or customer 
expectations. Indicate the resulting organizational consequences in order to enable the 
implementation of the redesigned logistics concept. 

The study assignment has been performed as part of the Spare Parts Control Project. Whereas 
part of the projectteam focused on practical solutions on the short term and came up with 
considerable improvements, this study focused on solutions on the long term, for which the 
conclusions will be described next. 

7 .2 Conclusions 

Current practice has been reviewed and each part of the echelon-structure has been looked at in 
order to identify the most important shortcomings, for which improvements have been 
introduced. 

The most important shortcoming in current practice concerns the establishment of the required 
spare parts assortment and corresponding stocklevels at locals (and at the continental office in 
the USA). The objective of ASML (Service and Logistics), to realize the required operational 
availabilities of wafer steppers operating in the field at minimum cost, can not be met in this 
way. 

In literature, leads have been searched for in order to improve the current situation. First, 
characteristics playing a part in deciding about spare parts assortments have been identified and 
the applicability of these characteristics at ASM Lithography has been investigated. The (only) 
characteristics to be used concern both the frequency of demand and the costprice of a spare 
part. These characteristics have been used in order to somehow determine decoupling points to 
be used, which partly corresponds to the choice of the spare parts assortment. Second, leads 
have been searched for in order to create a link between the required operational availabilities of 
wafer steppers at the customer's site on the one hand and the required stocklevels of spare parts 
at locals on the other hand. Marginal analysis, as part of Sherbrooke's METRIC-model, has been 
found to be an appropriate technique to be used in determining the required spare parts 
assortment and corresponding stocklevels. By combining the characteristics frequency of 
demand and costprice, the required stocklevels can be calculated, given the required operational 
availability of wafer steppers to support, resulting in a well-balanced spare parts inventory. 

Not extending marginal analysis to the less METRIC-model in order to determine stocklevels at 
both locals and the continental (in the USA) by not considering them separately, has been a well
considered decision by ASML. 
Using marginal analysis in order to determine stocklevels at the continental stock, given a certain 
service degree, will be a more cost-effective method than the current 'emotional' method. 
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Besides some small improvements in control methods applied at the worldwide stock, adding 
safety will be the most important change. At the moment safety hardly exists. As applying 
marginal analysis at locals will result in a move towards a more centralized inventory, safety at 
the worldwide stock will be of even more importance. 

Compared to current practice, applying marginal analysis at locals is expected to result in both a 
significant reduction in spare parts inventories (some hundreds of thousands of guilders , 
appendix T) and high operational availabilities of wafer steppers operating in the field. Part of the 
savings in spare parts inventories at locals, however, will be lost due to adding safety to the 
worldwide stock. 

A final remark that should be made concerns the fact that changing the objective of realizing an 
operational availability of wafer steppers as required by customers into the realization of a certain 
(high) service degree from local stock, will result in less higher savings as stocklevels at locals 
will increase, but on the other hand it will result in a higher degree of acceptance, both internal 
(i .e. within the organization) as well as external (the customers). 

7. 3 Recommendations 

Avoiding too much repetition, the reader is referred to the previous chapter, which in fact deals 
with nothing but recommendations for especially the implementation phase, in which the 
necessary changes will be carried out, but also with regard to the consolidation phase, in which 
actual performance needs to be monitored in order to enable interference when necessary. 
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Appendix A 1 : The wafer stepper and its accessories 

ELECTROIICS CA81NE T 
AIR(O CABIET 

WAFfR TR~T STSTEN 

1-S1'C!AD 

ASM Lithography - - --- ------



Appendices Page 2 

Appendix A2: The exposure unit of a wafer stepper 
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Appendix A3: The wafer 
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Appendices 

Appendix C: The SIC models for inventory control 

The Statistical Inventory Control (SIC) methods concern 16]: 
(1) the (8,0) order system; 
(2) the (8,S) order system; 
(3) the (s,0) order system; 
(4) the (s,S) order system . 

1 The (B,Q) order system 

Page 7 

The (8,0) system is an order system with a fixed reorder level '8', variable order moments and a 
fixed order quantity '0'. This system is represented in figure 1. 

inventory 

:· .. . , .. ... ~ ........ . 

a 

--- - ---

leadtime leadtime 

physical inventory economic inventory 
time 

Figure 1: The (B,Q) system 

8 and 0 are calculated in advance and are periodically harmonized with any change in expected 
demand and/or delivery time and other determining variables. As soon as the (economic) stock 
falls below the 8-level, a quantity 0 is ordered. The (8,0) system is used when ordering is 
possible at any time and the demand consists of many relatively small orders. 

2 The (B,S) order system 

The (8,S) order system is an order system with a fixed reorder level 8, variable order moments 
and a variable order quantity. This order system is represented in figure 2. 

Inventory 

----- ----------- --- s 

leadtime leadtime 

physical inventory economic inventory 
time 

Figure 2: The (B,S) system 
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As soon as the (economic) stock falls below the B-level an order is placed such that the 
(economic) stock becomes equal to the level S. B and S are calculated in advance and are 
periodically harmonized with any change in expected demand and/or delivery time and other 
determining variables . The size of the order quantity is determined by S and by the level of the 
(economic) stock at the time of ordering . The (B,S) system is used in cases in which ordering is 
possible at any time and the demand consists of a limited number of relatively large orders so 
that the (economic) stock can suddenly drop far below the B-level. 

3 The (s,Q) order system 

The (s,O) system is an order system with a fixed reorder level s, a fixed order quantity Q and 
fixed order moments. Figure 3 represents this order system. 

Inventory 
m m m m 

1 .•• 

· a 
i 

------ - - -;- - s 

leadtime leadtime 

physical inventory economic inventory 
time 

Figure 3: The (s,Q) system 

If the (economic) stock is smaller than s at the fixed order moment, the quantity Q is ordered. 
Both s and O are calculated in advance and are periodically harmonized with any change in 
expected demand and/or delivery time and other decisive variables. The (s,Q) system is used, in 
cases where it is only possible to order periodically and the demand is built up of many relatively 
small supply orders. 

4 The (s,S) order system 

The (s,S) order system is represented in figure 4. 

inventory 
m m m m 

_____ _____ __ , __ __________ ; ____________ ~-- ---- ------·-- s 
' ' 

- ------- - - ----- ---:--- s 

leadtime leadtime 

phys ical inventory economic inventory 
time 

Figure 4: The (s,S) system 
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The (s ,S) system concerns an order system with a fixed reorder level s, a variable order quantity 
and fixed order moments. If the (economic) stock is smaller than s at the fixed order moment a 
procurement order is placed for a quantity such that the (economic) stock becomes equal to the 
level S. Both s and S are calculated in advance and are per iodically harmonized with any change 
in expected demand and/or delivery time and other decisive variables . The size of the order 
quantity is determined by S and the level of the (economic) stock at the order moment. The (s ,S) 
system is used in cases where it is only possible to order periodically and the demand is built up 
of relatively large supply orders . 

5 The (s-1,s) order-up-to-level system 

The (s- 1,s) order-up-to-level system has been derived from the (s,S) and (s ,O) system : each time 
when reordering is necessary , i .e. if the (economic) stock is smaller than s at the review 
moment, the economic stock will usually equal s-1 and consequently just one piece will be 
ordered . This order system is used in case of expensive and/or low-demand parts . The Economic 
Order Quantity , EOG, justifies the use of O = 1 in th is case : 

EOO O J WF 
iC 

where D is the mean annual demand, F is the cost to place an order, i is the annual holding cost 
and C is the cost of the item. The use of EOG minimizes the sum of annual order and holding 
costs . Both a small value for D (low demand), a small value for F (low order cost) and a high 
value for C (expensive) tend to make the value of EOG approach one I 12] . 
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Appendix D: The level characteristics per stepper type 

stepper type (minimum) worldwide usage of spare parts per level 

level 1 level 2 level 3 level 4 level 5 level 6 

PAS 2500 37 18 8 3 0 0 
PAS 5000/50 20 12 6 2 0 0 
PAS 5000/70 4 3 2 1 0 0 
PAS 5500 8 6 4 2 0 0 
PAS 5500/100 4 3 2 1 0 0 
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Appendix E: Description of Part Master and Branch Master File 

(1 I Part Master File 

Among others, the following static data of all spare parts are kept in the Part Master File: 
(al NC: Numerical Code (key); 
(bl Description: description of the specific part; 
(cl SC : standard cost price 
(di LT: lead time 

(21 Branch Master File 

Among others, the following dynamic data of spare parts are kept in the Branch Master File: 
(al CCN : Corporation Control Number (identification of stock location); 
(bl NC: Numerical Code of a part (key); 
(cl XOP: reorderpoint (only used at worldwide); 
(di XOO: orderquantity (not used): 
(el XMIN: minimum stock quantity (used at locals and continental as stock level); 
(f) XOH: quantity on hand; 
(g) XOO: quantity on order (used as in-transit quantity); 
(hi XCPO : quantity on computer planned order (only used at worldwide) ; 
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Appendix F: Logistics Veldhoven, the minimum stock overview list 

1.05.94 8:38 PM 110 pages DTHRB93l INCLPRSO : INCLPRSO LOGISTICS VELDHOVEN , MI NI MUM STOCK OVERV IEW LIST 
94121201 8 

INCLPR50 LOG IST ICS VELDHOVEN, MI NIMUM STOCK OVERVIEW LIST DATE, 1.05 . 94 PAGE, 

US- INTRANS IT DATA NOT ACTUAL RUNOATE: )0. 04.94 

• - - - - -- - - -VELDHOVE N--- - · - • • ·- - - -- - - - - •• -- -- - ------TOTAL USA- - • • • - - --- -- - •• - - · - - TOTAL EUROPE - - - - - • • • - - • - • • 
l2 NC XCPO LVL XOH xoo XBO XOP XOQ YTD FREE XOH XMI xoo REQUEST DO NE IT XOH XM[ xoo RUSH EUR IT 

=== == ====== =•=••· ··--·-··-········-··--·-············ ·····················•·=••=••···················· ·······•=••···--·-------------
SERV . 428.36311 2 2 
SERV .4 28.36 3 21 2 
SERV.428.39171 2 
SERV.430.12254 0 0 2 
SERV.430 .12476 1 6 l 12 
SERV.430. 12491 0 w 2 l 
SERV.4 30 .13881 0 6 0 0 2 
SERV. 4)0. 14 22 4 12 I 2 8 
SERV. ·1 JO. 14411 6 8 2 
SERV. 430.1 4 421 0 6 ) 0 2 
SERV . 4) 0 . 144 9 1 54 u 21 1 
SERV. 4 30 .1575 3 ) 4 2 
SERV. 431. 04223 l ) l 
SERV.435 . 00065 12 l 6 I 0 
SERV.435 . 00131 10 l 1 
SERV.435.03861 55 6 10 0 14 
SERV.4 35.0 6 491 45 6 0 0 I2 
SERV.435.29881 84 6 18 0 I JI 
SERV.435.74082 0 V 0 2 l 2 
SERV.436 . 10644 l 0 6 ) 

SERV.436 . 10651 z 0 0 0 0 
SERV . 436.10652 z 0 0 0 0 
SERV. 4 36 . 10653 ) ) 2 
SERV. 43 6 .10661 6 2 0 2 
SERV. 436.10741 ) ) 2 
SERV. 436.10821 0 z 0 0 
SERV. 436.1 08 22 0 5 2 
SERV. 43 6 .108 9 1 0 z 0 
SERV. 4 )6. 10892 z 
SERV .4 36.10922 z 0 
SERV.436 .10 9 24 1 l 12 5 
SERV . 430 . 10931 0 2 
SERV. 436 . 109 4 2 1 
SP-RV. •Db.10952 l 6 
SERV. 436 .1123 1 6 
SERV . 436 . 112 4 l 6 
SERV . 41 6 . 11251 
SERV. 436 . 12021 10 IO 
SERV. 4 36. 12031 0 
SERV. 4 36. 12 11 1 V 
SERV. 4) 6 . 1214 l u 
SERV. 436. 121 64 
SERV. ·IJ6. 121 7 ) 6 
SERV. ,;30. 12182 6 
SERV. 436. 12193 6 
SERV. 436. 13271 z 
SERV. 4)6. 132 7 2 z 
SERV. 4) 6 . 132 8 1 z 
SERV. 4 36.13 )2 1 z 
SERV.4)0. 13)4 1 w 
SERV.4)6 .14152 6 
SERV.436 .14451 4 

SERV.436 . 14461 z 0 
S ERV. 4) 6 . 14462 0 
SERV. 4)6.14841 6 2 
SERV. '1]ti. 14 85 1 0 6 2 
SERV. 4) ti. 1491 l 0 z 2 
SERV. 4 )6.1 49 1 2 ) 5 
S ERV. 4) 6.1 494 1 0 z 
SERV. 4 36.1 4942 0 z 
SERV. 416 . 14 9 43 2 5 
SERV.416 . 14991 z 
SER.V.416. 14992 z 
SERV .43 6 . 15001 z 
SERV.416. 150 11 z 
SERV.436 . 15012 z 0 
SERV. 416. 15022 z 0 0 
SERV. 4 36 . 15081 z 0 0 
SERV. 41 6 . 15082 2 2 
SEF.:V. 4 36 .154 02 z 0 
S ER V. 416. l 5401 2 0 
SERV. 4 36 .15404 0 0 
SERV. 4 16 .154 62 2 
SERV. 4Jb.154"11 z 
SERV. 416.15481 6 2 
SERV. 43 6 . 15521 z 
SER V. 436. l 5522 ) 

SERV. 4 36. 15531 5 

0 
0 
0 

0 

0 
0 
0 

0 
I - 2 

14 10 l 0 0 
4 1- l 0 
2 0 ) 0 l 0 

16 2 5 l 0 ) 2 0 
6 4 
l 4 

20 0 
l l ) C 
I 0 ) I 0 
8 ) 4 Io 5 0 

10 5 ) 10 1 C 
18 51 16 16 
ll 40 8 8 0 
4) 10 I 6 I8 2 0 

5 1- 0 0 
) l· l 0 ) 0 
0 
0 
) 10 

4 
0 0 
I 2 

0 
0 0 0 
2 0 0 0 
2 5 ) IO 1 C 

) ) 

II I 0 
10 10 

4 0 
I 0 9 C 

) 

) 

) 

) 

) 

0 
0 
0 
l 0 

0 
0 

0 
0 
0 

) 

a 
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Appendix G: Stock locations m the USA 
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Appendix K: Testing the assumptions 

The underlying assumptions for using marginal analysis at locals, need to be tested . These 
assumptions concern: 

(1) demand is represented by a Poisson process ; 
(2) nearly constant demand rates. 

(1) The Poisson process representing demand at locals 

For testing the assumption of some kind of probability distribution representing demand, the 
goodness-of-fit or chi-square (:x,2) test should be used . The difficulty in using this test, concerns 
the fact that just a short history is available (not enough observations) and that spare parts 
demand is very low (not enough observation classes to test with) . The only way to somehow 
test the assumption, is by estimating the mean and the variance from the available usage data 
and looking at the resulting (estimated) variance-to-mean ratio (VC) . A characteristic of the 
Poisson process, is the fact that the mean equals the variance (VC = 1) . 

For a number of spare parts of the PAS 2500 and the PAS 5000 steppers with different RxR 
usage data, the estimations are represented in table K 1. Usage data of these types of wafer 
steppers have been used, as the number of steppers of these types nearly did not increase during 
the period the usage data were measured. The spare parts considered have been chosen in a 
random way. Table K2 contains the observations on which the estimations are based . 

Table K 1 : Estimations ofµ and cr 2 and the resulting variance-to-mean ratio 

RxR usage estimated mean estimated variance variance-to-mean 
(18 months) fl t2 ratio 

1 0 .0556 0.0556 1.0000 
2 0.1111 0.1046 0 .9415 
3 0.1667 0.1471 0 .8824 
4 0 .2222 0.1830 0.8236 
5 0 .2778 0.2124 0.7646 
6 0 .3333 0.2353 0 .7060 
7 0.3889 0.2516 0.6470 
8 0.4444 0.7320 1 .6472 
9 0.5000 0.6176 1.2352 

10 0.5556 0 .7320 1.3175 
15 0.8333 0 .7353 0 .8824 
20 1 .1111 0 .9281 0.8353 
25 1 .3889 1.3105 0 .9436 
30 1.6667 2 .1176 1.2705 
49 2 .7222 2 .2124 0 .8127 
95 5 .2778 2.4477 0.4638 

Based on these findings, the Poisson process can be regarded a good approximation to represent 
the demand process for PAS 2500 and PAS 5000 steppers . 
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(21 Nearly constant demand rates 

It is also assumed, that demand rates are nearly constant, i .e. they do not drift over time. 
Looking at the observations (table K2), there is hardly any trend noticeable in demand rates. 

Table K2: Observations of monthly usage 

I PERIOD I 
T 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 
2 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 
3 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 
4 0 0 0 0 0 0 1 0 1 0 0 0 1 0 0 0 0 1 
5 0 0 0 0 0 0 1 0 0 1 0 0 1 0 0 1 0 1 
6 0 1 0 0 1 0 0 1 1 0 0 0 1 1 0 0 0 0 
7 0 0 0 0 0 0 1 1 1 0 1 1 1 0 1 0 0 0 
8 0 0 1 1 0 0 0 0 0 2 0 0 0 1 3 0 0 0 
9 0 1 0 0 0 2 0 1 1 0 0 0 0 2 0 0 0 2 

10 0 1 0 0 0 0 0 2 1 0 1 0 0 0 1 0 3 1 
15 1 0 1 1 0 0 2 0 2 0 1 2 0 2 1 2 0 0 
20 3 1 2 2 1 0 0 0 2 2 2 0 1 1 0 0 1 2 
25 1 2 1 1 0 3 1 2 0 4 3 1 1 2 2 0 1 0 
30 3 0 2 0 1 3 1 3 0 1 2 1 1 1 5 4 0 2 
49 2 3 4 2 1 2 3 6 5 3 5 1 3 1 1 2 2 3 
95 6 5 7 7 6 3 8 6 3 7 4 4 7 5 3 5 5 4 

T = Total usage 
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Appendix L: Sensitivity analysis 

For PAS 2500 wafer steppers (a pilot group), sensitivity of marginal analysis for several input 
parameters has been tested. 

Demand rates have been estimated, based on the RxR usage data in 1993 and the first half of 
1994 (USA+ Europe) divided by the average number of PAS 2500 wafer steppers operating in 
the field (USA+ Europe). Demand rates per one and a half year have been translated to demand 
rates within the resupply cycle time. 

Within the model the following assumptions have been made : the resupply cycle time equals two 
days for the local (in the USA), the Mean Time To Repair equals two hours, the operating hours 
equal 24 hours a day (operating hours are used instead of MTBF data) and the required 
operational availability should equal 95 % . 

( 1) The effect of errors in estimating demand rates 

For different numbers of PAS 2500 wafer steppers to support, the resulting operational 
availability has been calculated for varying deviations expected demand rates. Table L 1 
represents the results. 

Table L 1: The effect of errors in estimating demand rates on the resulting availabilities 

Real demand rates versus expected demand rates 

# steppers - 50% - 25% - 10% 0% + 10% 

1 97.48% 96.24% 95.50% 95.02% 94.53% 
5 97.47% 96 .23% 95 .50% 95 .02% 94.52% 

10 97.49% 96.25% 95 .51% 95 .02% 94 .52% 

Resulting deviation from the required operational availability : 

resulting availability - expected availability 
Deviation(%)=------------------ x 100% 

expected availability 

Error in demand rates 

+ /- 10% 
+ /- 25% 
+ /- 50% 

Deviation 

+/-0.51% 
+/-1 .29% 
+ I- 2.59% 

(2) The effect of errors in estimating resupply cycle times 

+ 25% 

93.80% 
93 .78% 
93 .78% 

+ 50% 

92 .60% 
92 .54% 
92.56% 

For different numbers of PAS 2500 wafer steppers to support, the resulting operational 
availabilities have been calculated for varying resupply cycle times . A longer/shorter resupply 
cycle time, partially causes higher/lower demand rates than expected. Table L2 represents the 
results, based on an estimated/expected resupply cycle of two days . 
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Table L2: The effect of errors in estimating resupply cycle times on the resulting availabilities 

Real resupply cycle time 
versus 

expected resupply cycle time 

number of steppers - 50% 0% +50% 

1 97 .18 % 95.02% 92.88% 
5 97 .18% 95.02% 92.82% 

10 97.20% 95 .02% 92 .83% 

Resulting deviation from the required operational availability : 

resulting availability - expected availability 
1 

ooo¾o 
Deviation (%) = ------------------ x 

expected availability 

Error in resupply cycle Deviation 

+ /- 50% + /- 2 .27% 

(3) The effect of errors in estimating Mean Times To Repair (MTTR) 

For different numbers of PAS 2500 wafer steppers to support, the resulting operational 
availabilities have been calculated for various mean times to repair. Table L3 represents the 
results, based on an estimated/expected MTTR of two hours . 

Table L3 : The effect of errors in estimating mean times to repair on the resulting availabilities 

I Real MTTR versus expected MTTR I 
number of steppers - 50% 0% + 50% 

1 95.30 % 95 .02% 94.74% 
5 95.30% 95.02% 94 .73% 

10 95 .30% 95 .02% 94.74% 

Resulting deviation from required operational availability : 

D 
. . ( 0¾ ) resulting availability - expected availability 

1000
1/o 

ev,at,on o = --------------- x 
expected availability 

Error in demand rates Deviation 

+ /- 10% + I- 0 .29% 
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Appendix M: Testing the model 

With eighteen months of history concerning RxR usage data in Europe and the USA available, the 
model has been tested for a large local in the USA. The RxR usage data concerning usage in 
1993 have been used to determine the required spare parts assortment and the corresponding 
stocklevels, based on the following data and assumptions: 

(1) the local, Boise in this case, has to support 28 wafer steppers of the PAS 2500 type; 
(2) the Mean Time To Repair (MTTR) equals two hours; 
(3) spare parts which are not in stock, will be supplied by the continental stock in 24 hours (in 

1 day); 
(4) factory parts which are needed, and of course not in stock, will be supplied by the 

worldwide stock in 96 hours (in 4 days); 
(5) all wafer steppers operate 24 hours a day and 7 days a week (instead of using MTBF, 

operating hours have been used); 
(6) the Mean Preventive Maintenance Time is assumed to be negligible (MPMT = O hours); 
(7) the spare parts that have not been used in the past, have been taken into account in 

marginal analysis, by considering these parts in marginal analysis, using an artificial high 
costprice in order to avoid allotment of such a part to the assortment. 

The RxR usage data of Boise concerning the first half of 1994 have been used in order to test 
the outcome of marginal analysis: 

expected operational availability = 95 .00 % 

expected service degree = 74.60 % 

The expected service degree has been calculated, according to the following formula: 

I EBO (sJ 
I I 

expected service degree = (1 - 1
•

1 
) x 100% 

I EB0
1
(0l 

i•l 

With i 1,2, ... ,1 the ith spare part of the PAS 2500 wafer stepper . 

The results have been represented in table M 1 on the next page. 
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Table M 1: Test results for each of the 28 PAS 2500 wafer steppers at Boise 

I Number of parts needed I 

I 
machine 

I 
availability service in stock not in stock factory part 

I 
total 

I degree 

0743 98 .57% 94.74% 18 1 0 19 
0760 93.88% 76 .00% 19 5 1 25 
0765 95.30% 77 .78% 14 3 1 18 
0772 95.95% 81.25% 13 2 1 16 
0774 97.14% 0.00% 0 1 1 2 
0776 97 .28% 86 .96% 20 3 0 23 
0777 94.61 % 76.19% 16 4 1 21 
0783 86 .33% 60.00% 27 17 1 45 
0785 93 .51 % 81.82% 27 5 1 33 
0786 98 .11 % 88 .24% 15 2 0 17 
0787 96 .36% 89 .47% 17 1 1 19 
0789 92 .03% 79 .31 % 23 4 2 29 
0791 97.56% 82 .35% 14 3 0 17 
0792 95 .63% 86.96% 20 2 1 23 
0801 99.40% 100.00% 13 0 0 13 
0802 95.99% 81.48% 22 5 0 27 
0807 93 .60% 78.95% 15 2 2 19 
0808 97.42% 85.00% 17 3 0 20 
0810 90.42% 67 .86% 19 7 2 28 
0816 88 .63% 61 .29% 19 10 2 31 
0820 94 .71 % 73 .68% 14 4 1 19 
0822 92.27% 77.78% 28 7 1 36 
0828 90 .38% 58.62% 17 11 1 29 
0829 99.36% 100.00% 14 0 0 14 
0830 99.31% 66 .67% 2 1 0 3 
0833 95 .03% 58 .33% 7 4 1 12 
0836 99 .17% 100.00% 18 0 0 18 
3069 95.72% 84 .85% 28 5 0 33 

I overall II 95 .13% II 78 .16% II 476 I 11 2 I 21 II 609 I 

The d ifferent wafer steppers do not all belong to one and the same customer . Per customer, the 
resulting operational availability and the result ing service degree are listed below : 

(1) Tektronix Inc. 
Installed base: system 0774 
Operational availability: 97 .14%, service degree from local stock: 0 .00% 

(2) American Microsystems Inc . 
Installed base: system 0833 
Operational availability : 95.03% , service degree from local stock: 58.33% 

(3) Micron Technology 
Installed base: all systems listed in the table, except systems 0774 and 0833 
Overall operational availability : 95 .06% , service degree from local stock : 78 .82% 
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Appendix N: The effect of the length of the resupply cycle time and 
the review period 

The effect of the length of the resupply cycle time on inventory costs (table N 1) and the effect 
of the length of the review period on both (fixed) transportation costs and inventory costs (table 
N2), have been investigated using the database-application. 
Assumptions that have been made, concern: 

steppers operate 24 hours a day and 7 days a week (instead of using MTBF or MTBM, 
operating hours have been used); 

- the Mean Time To Repair (MTTR) equals 2 hours; 
- an operational availability of 95 % is required. 
The yearly inventory costs are (roughly) estimated as 25 % of inventory value (due to a high 
obsolescence risk) and the fixed transportation costs equal about one hundred guilders per 
shipment (within the USA). 

Table N1: 
The effect of the length of the resupply cycle time on the inventory costs 

number of resupply cycle time inventory inventory 
steppers (in days) value (f) costs (f) 

1 2 14,235 3,559 
3 51,768 12,943 
4 81,655 20,414 
5 112,014 28,004 
6 143,360 35,953 
7 168,565 42,141 

5 2 15,076 3,769 
3 52,365 13,091 
4 83,733 20,934 
5 115,299 28,825 
6 145,380 36,345 
7 171,067 42,766 

10 2 15,559 3,890 
3 53,728 13,433 
4 90,222 22,555 
5 117,541 29,358 
6 149,857 37,464 
7 175,999 44,000 

The length of the review period partly determines the length of the resupply cycle time. A longer 
review period ends in a longer resupply time, causing higher inventory costs but reducing 
transportation costs. Table N2 represents the outcome for several numbers of wafer steppers to 
support. 

ASM Lithography ------------



Appendices Page 24 

Table N2: 
The effect of the length of the review period on inventory and transportation costs 

number of review period resupply cycle average demand inventory 
steppers (in days) time (in days) to replenish costs 

1 1 2 0.07120 3,559 
2 3 0.14239 12,943 
3 4 0.21358 20,414 
4 5 0 .28477 28,004 
5 6 0 .35597 35,953 
6 7 0.42716 42,141 

5 1 2 0.35597 3,769 
2 3 0.71194 13,091 
3 4 1.06791 20,934 
4 5 1.42387 28,825 
5 6 1.77984 36,345 
6 7 2 .13581 42,766 

10 1 2 0.71194 3,890 
2 3 1.42387 13,433 
3 4 2.13581 22,555 
4 5 2.84774 29,358 
5 6 3 .55968 37,464 
6 7 4.27161 44,000 

The yearly fixed transportation costs have been determined as follows : 

365 ----- * average demand * f 1 00 if average demand < 1 
review period 

365 
review period 

* f 100 if average demand :?: 1 

transport total 
costs costs 

2,599 6,158 
2,599 15,542 
2,599 23,013 
2,599 30,603 
2,599 38,552 
2,599 44,740 

12,993 16,762 
12,993 26,084 
12,167 33,101 

9,125 37,950 
7,300 43,645 
6,083 48,849 

25 ,986 29,876 
18,250 31,683 
12, 167 34,722 

9,125 38,483 
7,300 44,764 
6,083 50,083 

From table N2 it is clear, that the sum of fixed transportation costs and inventory costs increases 
as the review period increases. Therefore, a short review period is advised. 
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Appendix P: Choosing the required K-value 

The table below shows the cumulative normal distribution [3]. 

Table P1: The cumulative normal distribution 

~ 
0 u 

u . 00 .01 .02 . 03 .04 .OS . 06 .07 .08 . 09 

-- -.o .5000 . 5040 ( . 5080 . 5120 . 5160 .5199 • 5239 . 5279 . 5319 .5359 
·--

.I .5398 . 5438 . 5478 .5517 .5557 .5596 .5636 . 5675 .5714 . 5753 

.2 . 5793 .5832 .5871 .5910 .5948 .5987 .6026 .6064 .6103 . 6141 

. 3 . 6179 . 62 I 7 .6255 . 6293 . 6331 .6368 .6406 .6443 .6480 . 6517 

.4 . 6554 . 6591 . 6628 . 6664 .6700 . 6736 . 6772 . 6808 .6844 .6879 

. 5 . 6915 . 6950 . 6985 . 7019 . 7054 . 7088 . 7123 .7157 .7190 .7224 

. 6 , 7257 . 7291 . 732 4 .7357 . 7389 .7422 . 7454 .7486 . 7517 . 7549 

. 7 . 7580 . 761 I .7642 . 7673 . 7704 .7734 . 7764 . 7794 . 782 3 . 7852 

. 8 . 7881 . 7910 . 7939 .7967 . 7995 .8023 . 8051 .8078 .8106 .8133 

. 9 . 81 59 .8186 .8212 .8238 .8264 .8289 .8315 .8340 .8365 .8389 

1.0 . 841 3 .8438 .8461 .8485 .8508 .8531 . 8554 . 8577 .8599 . 8621 

I.I . 864 3 . 8665 . 8686 . 8708 .8729 .8749 .8770 , 8790 . 8810 . 8830 

I. 2 . 8849 . 8869 . 8888 .8907 . 892 5 . 8944 .8962 . 8980 .8997 .9015 

I. 3 . 9032 . 9049 .9066 . 9082 . 9099 .9115 .9131 .9147 .9162 .9177 

I. 4 . 9192 . 9207 . 922 2 .9236 .9251 . 9265 .9279 .9292 .9306 . 9319 

1.5 9332 . 9345 . 9357 .9370 . 9382 . 9394 . 9406 .9418 .9429 .9441 

1.6 . 9452 . 9463 . 9474 .9484 . 949 5 . 9505 .9515 .9525 .9535 .9545 

I. 7 . 9554 .9564 . 9573 .9582 , 9591 .9599 .9608 . 9616 .9625 . 9633 

1.8 . 9641 . 9649 . 9656 .9664 . 9671 . 9678 .9686 .9693 .9699 .9706 

I. 9 . 9713 . 9719 . 9726 . 9732 . 9738 . 9744 j.moj .9756 .9761 . 9767 

2.0 . 9772 .9779 .9783 . 9788 .9793 . 9798 . 9803 .9808 . 9812 .9817 

2. I .9821 .9826 .9830 .9834 ,9838 . 9842 . 9846 . 9850 .9854 . 9857 

2.2 . 9861 . 9864 .9868 . 9871 .9875 .9878 .9881 . 9884 .9887 ,9890 

2. 3 .9893 . 9896 . 9898 .9901 . 9904 .9906 ,9909 .9911 ,9913 . 9916 

2. 4 .9918 .9920 . 9922 . 9925 .9927 .9929 .9931 .9932 . 9934 . 9936 

2 . 5 .9938 . 99 ◄ 0 . 99 ◄ 1 . 99 ◄ 3 .9945 .99 ◄ 6 . 9948 .99 ◄ 9 .9951 .9952 

2.6 .9953 .9955 . 9956 . 9957 . 9959 .9960 .9961 .9962 .9963 .9964 

2 . 7 . 9965 . 9966 .9967 .9968 .9969 .9970 .9971 . 9972 .9973 .9974 

2.8 . 9974 .9975 . 9976 .9977 .9977 .9978 . 9979 . 9979 . 9980 .9981 

2 . 9 . 9981 .9982 , 9982 .9983 . 9984 .9984 .9985 .9985 .99!6 .9986 - -
3.0 . 9987 .9987 .9987 .9988 .9988 .9989 .9989 .9989 ,9990 ,9990 

3.1 . 9990 .9991 .9991 .9991 .9992 ,9992 .9992 .9992 .9993 .9993 

3 . 2 .9993 .9993 .9994 . 9994 .9994 .9994 .9994 .9995 .9995 .9995 

3.3 . 9995 , 9995 .9995 .9996 . 9996 .9996 . ~996 .9996 , 9996 .9997 

3.4 . 9997 .9997 .9997 .9997 .9997 . 9997 .9997 .9997 .9997 .9998 

3.5 .9998 .9998 . 9998 .9998 . 9998 .9998 .9998 . 9998 .9998 . 9998 

3.6 .. 9998 .9998 .9999 . 9999 .9999 .9999 .9999 .9999 .9999 .9999 

Given the required service degree, the K-value and consequently the safety stock (s .s.) can be 
derived from this table. The errors are assumed to be normaaly distributed with mean µ

0 
= 0 and 

standard deviation cr
0

• In order to realize, for example, a service degree of 97 .5%, K should equal 
1 .96 : 

S .S.-µ 
P(demand5. 0

) = 0.975 <=> <j,(u) =0.975 ⇒ u=1 .96 ⇒ s.s. =1 .96cr ⇒ K=1 .96 
cr • 

0 
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Appendix 0: The goodness-of-fit or chi square (x2
} test: an example 

Table O 1 represents observed demand data and (part of) the goodness-of-fit test, which is used 
to test whether the data are consistent with the assumption of a Poisson distribution with 
constant mean, µ. This is the only parameter to be estimated from the data. Next, the expected 
frequencies for demand (x) must be estimated . 
The quantity in the last column over k values of demand must be added up and the sum must be 
compared with the tabled value (table 02 [ 31) for chi square with k-1 degrees of freedom that 
corresponds to the desired significance level. Often a level of significance of 0.05 is used, which 
means that if the computed value exceeds the tabled value, there is no more than a 5 % chance 
that the data came from a Poisson distribution [ 121. 
The test is performed for k-1 degrees of freedom, because only one parameter (the mean) was 
estimated. 

Table Q 1 : Goodness-of-fit test 

Frequency of demand 

iL...:J.J..: 
Demand t. t. t. - t. (f. - f.) 2 t. 

0 17 15 2 4 0.27 
1 5 7 -2 4 0 .57 
2 

n 3 2 
4 
5 

2 0 0 0 

Mean : 0.46 0.46 Sum: 0.84 

10 = observed frequencies 
t. = expected frequencies 

Consulting the chi square table (see table 02) for level of significance 0.05 and two degrees of 
freedom (k-1 = 3-1 = 2), x! = 5 .99 is found . Since the computed value (0 .84) is less than the 
the tabled value, the Poisson assumption can be accepted. 
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Table 02: The x. 2 distribution 

IA:: 
x' 

P • P(!{~ < 14.1) • 0 . 95 

p 
v V 

.005 .o, .025 . OS .10 .2! .so .75 .90 • 95 . 975 .99 . 995 . 999 

I - - .001 . 004 . 016 • I 02 .◄ 55 1.32 2.71 J . 84 5. 02 6.63 7 . 88 10 . 8 I 

2 . 010 .020 .OSI • I OJ . 211 . 575 I. 39 2.77 4.61 5. 99 7.38 9 . 21 I 0.6 l l. 8 l 

] .072 .115 .216 • 352 . 584 1.21 2. 37 4 . 11 6.25 7 . 81 9.35 11.l 12. 8 16 . l ) 

4 . 207 . 297 .484 • 711 1.06 I. 92 J. 36 5.39 7.78 9 . 49 II.I l l . l I 4 . 9 I 8. 5 ~ 

5 . 412 . 554 • 831 I.IS 1.61 2 . 67 4.JS 6.63 9.24 II.I 12. 8 I 5. I I 6 . 7 20 . ~ \ ' 
I 

6 . 676 . 872 I. 24 1.64 2.20 l . 45 S.JS 7 . 84 IO. 6 12. 6 14. 4 l 6. 8 18 . 5 2l. '• ,. 
I 

7 . 989 1.24 1.69 2 .17 2.83 4 . 2 5 6 . JS 9.04 12.0 14 . I 16.0 18 . 5 20 . ] 24 . a ' I 8 I. )4 1.6 5 2.18 2 . 73 3. 4~ 5 . 07 7.34 I 0. 2 1 l . 4 I 5. 5 I 7. 5 20 . I 22.0 ~6. I " I 
9 I. 73 2 . 09 2. 70 3.33 4. I 7 5. 90 8.34 11. 4 I 4. 7 16.9 I 9. 0 2 I. 7 2).6 ! 7. 9 '· 

I 0 2. I 6 2.56 J . 2 5 3 . 94 4.87 6. 74 9.34 12 . 5 16.0 18. 3 20.5 2).2 2 5 . 2 21j. i; I 
; 

II 2.60 ].05 J. 82 4. 57 5 . 58 7 . 58 10 . J . l l . 7 17. l 19 . 7 2 I. 9 24 . 7 26 . 8 l 1 . J ,. 
12 l.07 J.57 4 . 40 5 . 2 l 6.30 8 . 44 11. l 14. 8 I 8. 5 21.0 2).) 26 . 2 28 . J 3~. 'l 
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Appendices 

Appendix R: Determination of safety stock (Poisson process) 

The table below represents the cumulative Poisson distribution [3]. 
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Table R1: The cumulative Poisson distribution I: 
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Given the required service degree, the required stocklevel and consequently the safety stock to 
be added can be derived using table R 1. In order to realize, for example, a service degree of 95 % 
for a part with an estimated mean demand during the leadtime plus the review period (µ) that 
equals 3.0, the stocklevel should equal 6 (with a safety stock that equals 3) : 

, e-33x 
?(demand :s; s) = 0 .95 <=>P(l: --) = 0.95 ⇒ s=6 and s.s. =s-µ=3 

x-o x! 
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Appendix S: Service degree versus operational availability 

In this appendix, an easified example is used to show that a high operational availability of a 
wafer stepper, not necessarily requires a high service degree from local stock (especially not in 
the USA because of the short resupply cycle times). 
The example below shows the required service degree from local stock for a PAS 2500 wafer 
stepper in the USA, assuming the following : 

(1) the PAS 2500 wafer stepper operates 24 hours a day and 7 days a week, resulting in 
approximately 720 hours per month (30 days times 24 hours); 

(2) per service call, on average 1 spare part is used; 

(3) the average demand for spare parts per PAS 2500 stepper equals about 4 parts per month; 

(4) the Mean Corrective Maintenance Time (MCMT) or Mean Time To Repair (MTTR) equals 2 
hours per service call; 

(5) the Mean Preventive Maintenance Time equals 4 hours per month; 

(6) the spare parts which are not in local stock, will be delivered by ASML Tempe within 24 
hours; 

(7) the operational availability (A
0

) should equal 95 % . 

Based on above mentioned data, the required service degree can be determined as follows : 

A 
uptime 

0 uptime + downtime 

30•24 - 4•2 - 4 - x•24 

30•24 

708-24x 
= 0.95 ⇒ x=1 

720 

which means that one spare part may be delayed, resulting in a required service degree from 
local stock: 

required service degree = ( 
4

-l ) • 1 00 % = 7 5 % 
4 
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Appendix T: An indication of possible savings 

A comparison between the use of marginal analysis and using the levels like in current practice 
has been made in order to get an indication of the possible savings . Like appendix M, the local 
Boise is used as an example. The results have been based upon the following assumptions : 

(1 l Boise has to support 28 wafer steppers of the PAS 2500 type; 
(2) the steppers operate 24 hours a day and 7 days a week (instead of using MTBF the 

operating hours have been used); 
(3) the Mean Time To Repair (MTTR) equals 2 hours; 
(4) a very short resupply cycle time of 2 days (the most optimal case); 
(5) the Mean Preventive Maintenance Time is assumed to be negligible; 
(6) lamps are disregarded in both methods an are assumed to be in stock at any time; 
(7) the operational availability should equal 95 % . 

Applying marginal analysis at Boise would result in: 

Operational availability: A 0 Inventory value 

95.00% f 13,220 

Applying levels as in current practice at Boise would result in : 

Level(s) Ao 

95.01 % 
1,2 96.40% 
1,2,3 98.40% 
1,2,3,6 98.80% 
1,2,3,4,6 99.20% 

Inventory value 

f 88, 133 
/187,688 
f 428,293 
f 443,989 
f 840,234 
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