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Chapterr 1 

STATISTICALL PROCESS CONTROL AND PHILIPS 

1.1.. INTRODUCTION 

Qualityy management involves managing, controlling, and reducing variation. 
Traditionallyy this has been the domain of statistics, and hence variation is both 
thee actual link between quality management and statistics, and the reason for 
thee wide use to which statistical methods have always been put where quality 
problemss are concerned. In situations where statistical methods have long been 
usedd efficiently tackling and solving quality problems, statistical thinking (cf. 
Snee,, 1990) primarily forms the basis for continuous quality improvement, one 
off the core elements of Total Quality Management (TQM). Statistical thinking is 
basedd on the assumption that all activities can be regarded as processes, that 
alll processes display variation, and that improvements are achieved by a 
strategyy directed at reducing this variation. In other words, statistical thinking 
means: : 

 strong emphasis on processes rather than on the resulting products; 
 identifying, characterising, quantifying, controlling and reducing variation; 
 tackling problems on the basis of data. 

Ann important application of statistical thinking in companies is the use of 
Statisticall Process Control (SPC). Process control based on SPC signifies a 
shiftt from the traditional defect detection to defect prevention. It generally 
requiress a change in attitude, approach and working method. In line with the 
philosophyy of statistical thinking SPC is process-oriented instead of product-
oriented.. In a production process controlled with SPC, final inspection is 
replacedd with regular evaluation of the several process steps, to make sure that 
thee complete process is still functioning normally. If a process step is found to 
bee no longer functioning properly, action is taken immediately to correct it. In 
thiss way product quality is assured through a controlled process. 

SPCC is definitely accepted as one of the main tools of quality management in 
industry,, and also in service organisations. All the more remarkable is that even 
todayy - around the turn of the millennium - there are still many companies 
denyingg themselves the benefits of SPC. The novelty of SPC cannot be the 
reason,, because its history (see e.g. Duncan, 1974) begins already in 1924, 
whenn Walter A. Shewhart of the Bell Telephone Laboratories sketched the first 
modernn control chart; he published his findings in 1931 (Shewhart, 1931). 
Acceptancee of the new technique with other companies went with ups and 
downss from the very beginning. There was a great breakthrough when W. 
Edwardss Deming introduced SPC and other quality control techniques in Japan, 
immediatelyy after the Second World War. The success of the Japanese 
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economyy made American business in the 1980's aware of these techniques, 
whichh were then readily adopted. They subsequently spread to Europe as well 
(cf.. Does, Roes, and Trip, 1999a). 

Inn his long career Deming observed many reasons for the slow acceptance of 
SPCC (Deming, 1986). Among managers he noticed a focus on short-term 
results,, and trust in systems, figures, targets, computers, specifications, and 
(quality)) programs. Managers often lacked vision and leadership. That's why 
Demingg in the 1950's developed the concept of what is now called "Total 
Qualityy Management", and why he formulated fourteen points - to serve as 
guideliness for management - aimed at creating a better environment for the 
processs of improvement. A fundamentally different view on management was 
introduced:: of course managers need to care greatly about the results, but they 
needd also be involved in developing better methods to achieve better results. 
Otherr ingredients for achieving higher quality with lower waste (customer focus, 
reengineering,, just-in-time production, etc.) were developed, and in the 1990's 
thee need for a framework was satisfied by Brian L. Joiner. Much of his "Fourth 
Generationn Management" (Joiner, 1994) is the product of Deming, as Joiner 
readilyy concedes. 

Inn Deming's view acceptance of SPC is thus very much management's 
responsibility.. His solution for a better acceptance was to improve the level of 
management,, and so he introduced Total Quality Management. This concept 
wass clearly successful, first in Japan and then in the United States of America, 
andd Europe. But TQM (and Fourth Generation Management) solves many more 
problemss than just the acceptance of SPC. A strongly committed manager with 
aa vision, acting as a leader, will overcome the many difficulties facing him. 
Todayy Jack Welch, CEO of General Electric, may be regarded as a particularly 
strongg example of such a leader; he really believes in the "Six Sigma" concept, 
andd makes sure that the whole GE organisation is effectively used to pursue 
thiss vision. Whether or not the goal is something worth fighting for is not the 
onlyy issue; it is the commitment of the organisation that really counts. 

Thee motivation for this study is my experience of more than ten years as 
statisticall consultant, that introducing SPC is still difficult, even though TQM -
orr comparable systems like Fourth Generation Management - may well be the 
guidingg principle of management. Deming's attention to management issues 
finallyfinally assured a positive attitude towards SPC, but no guarantee of successful 
implementation.. My own work is aimed at improving SPC itself, to make it a 
betterr acceptable tool. Most of my experience has been acquired within the 
Philipss Electronics Company, and Philips Semiconductors in Stadskanaal in 
particular.. The latter turned out to be a goldmine for further research. Section 
1.22 contains a description of this company. 
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Thee history of my involvement with Philips in Stadskanaal starts in 1992. A 
colleaguee of mine at the Centre for Quantitative Methods (CQM) in Eindhoven, 
aa commercial consultancy firm that used to be a staff organisation of Philips 
Electronics,, had just begun a project in Stadskanaal to implement SPC. This 
colleaguee had to overcome a lot of resistance, because earlier experiences in 
Stadskanaall with SPC in the 1980's were not favourable. SPC used to be build 
aroundd a large computer-system, with high cost but small revenue. 
Managementt was nevertheless still convinced that SPC was a necessity, albeit 
thatt the motivation was partly a matter of being forced. The board of Philips 
Semiconductorss had decided to become preferred supplier of the American 
automotivee industry, which required qualification to a severe quality program 
(knownn as "Total Quality Excellence") that included working with SPC. Philips in 
Stadskanaal,, belonging to the Semiconductors family, was thus under 
compulsionn to give SPC another try, as the running SPC system would clearly 
nott qualify for certification. In this climate of scepticism my colleague first had to 
convincee the local management in an awareness session that his approach 
wouldd indeed be successful. He succeeded and then he was given the chance 
too prove his claims: under his inspiring guidance two pilot teams started 
implementingg an SPC system for some critical processes. The way these teams 
operatedd and their progress was such that management decided to continue 
thee approach plant-wide. 

Sincee my colleague was very busy at that time he asked me to do some data 
analysiss for one of the pilot teams. The data concerned measurements from the 
processs of grinding silicon wafers. The process used to be monitored with the 
well-knownn X-R-chart, but the results were apparently not satisfactory. A 
principall components analysis of the data revealed a structure within the 
samples.. This structure was rather well described by a few orthogonal linear 
contrastss of the measurements. An important consideration was that each 
contrastt had a physical meaning attached to it. I recommended monitoring the 
processs with a set of control charts (for individual observations), one for each 
contrast.. My colleague accepted these results and introduced them in the team. 
Hee also asked me to join him on the project because the plant-wide introduction 
off SPC overtaxed him. For the facilitation of SPC-teams we used a set of 
proceduress in a format designed by CQM (Banens et al., 1994), but some of 
thesee were described only loosely, and we had to struggle our way. Other 
aspects,, particularly those related to organisational matters (e.g. monitoring 
progress,, communication, and assurance of the SPC system), needed newly 
developedd or gathered methods. Two years later I accepted a full time job at 
thee Philips plant in Stadskanaal - thereby warranting continuity in the SPC 
efforts.. My colleague, who happened to be Ronald Does, left the project to 
becomee a full-time professor at the University of Amsterdam. He also started a 
statisticall consultancy company, the Institute for Business and Industrial 
Statisticss (IBIS UvA), embedded in the university. 

3 3 



Wee published our experiences in Stadskanaal in a number of papers and 
books.. Together with the Operations Manager of Philips Semiconductors in 
Stadskanaall we wrote an article for a Dutch journal on total quality 
managementt about the organisational problems we faced during 
implementationn and our solutions (Does, Van Oord, and Trip, 1994). Our 
cumulatedd experiences with the implementation of Statistical Process Control 
weree described in Does, Roes, and Trip (1996, 1999a). These books feature 
Philipss Stadskanaal very prominently, with many cases. 

Thee case of the wafer grinding process was taken up by professor Does for 
furtherr investigation. Together with Kit Roes, who would shortly become his 
partnerr at IBIS UvA, he based the method described above on solid facts (Roes 
andd Does, 1995), and Dr. Roes made the case an important one in his PhD 
thesisthesis (Roes, 1995). The method was presented at a conference in Budapest, 
withh another case illustration, also from Philips Semiconductors in Stadskanaal 
(Does,, Roes, and Trip, 1995). 

Thiss thesis contains four papers of my own work, which is based on the work 
describedd in the last two paragraphs. These papers were written since I started 
too work part time for IBIS UvA in 1997. They all have in common that cases 
fromm my practice in Stadskanaal are used for illustration. 

Chapterr 2 is a revision of a paper in The International Journal of Quality 
Sciencee (Does, Schippers, and Trip, 1997), which is essentially a summary of a 
monographh by Does, Roes, and Trip (1996,1999a). The paper presents an 
organisationall framework for implementing SPC, as well as a hands-on, yet 
flexiblee activity plan for bringing a process step under control. Co-author 
Wernerr Schippers, from the Eindhoven University of Technology, did theoretical 
Ph.D.. research on applicability of SPC techniques. 

Chapterr 3 is devoted to the analysis of measurement systems, the 6th step of 
thee activity plan and the first purely statistical one. This chapter resulted from 
collaborationn with Dr. Edwin van den Heuvel, an IBIS UvA-colleague closely 
involvedd in the "Six Sigma" program of General Electric Plastics in Bergen op 
Zoomm (Van den Heuvel and Trip, 1999). The Automotive Industry Action Group 
recommendedd in its "toolkit" (AIAG, 1990) a standard method for the evaluation 
off measurement systems. The method is now widely accepted, and is in fact 
reproducedd in the activity plan. We investigated the effects of a common 
departuree from the implicitly assumed model, and showed that it is better to use 
aa simple alternative when only a few observers do the measurements - e.g. in 
laboratoryy conditions. The standard method will then often be too pessimistic 
aboutt the state of the measurement system, and may be the cause of 
unnecessaryy fuss. 
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Thee 7th step of the activity plan is the control chart, the heart of the SPC 
method.. For the mathematically inclined, SPC and control charts may actually 
bee the same. There has always been a lot of research on the properties of 
controll charts, resulting in many papers in statistical journals. Nonetheless, the 
correctt application of the tool (as a simple method to distinguish common 
causess from special causes of variation) remained problematic, as Roes and 
Doess (1995) exemplified in the wafer grinding case from Philips in Stadskanaal. 
Thesee authors proposed a method with separate control charts for some 
significantt linear contrasts of the measurements. They claimed that this method 
savedd the company an enormous amount of money. In the discussion of this 
casee some authors proposed multivariate alternatives. Chapter 4 of this thesis 
iss an adaptation of a joint contribution (Does, Roes, and Trip, 1999) arguing 
stronglyy for a univariate treatment of the within sample structure. Our main 
argumentt is that interpretation of signals is much more difficult in multivariate 
cases,, and the ultimate consequence is that analysing and correcting out-of-
controll situations will take longer. 

Thee control chart for individual observations is the correct tool for monitoring the 
contrasts.. Control limits can be calculated in many ways, but the commonly 
usedd method is based on moving ranges. There is a real controversy, however, 
whetherr or not the variation in the data should be monitored as well. Some 
authorss stress the need for (some kind of) a moving range (MR) chart, while 
otherss strongly advise against it. Chapter 5 discusses the use of a 
omplementaryy moving range chart in the context of additional run rules. The 
problemm is again motivated from Philips in Stadskanaal, where a number of 
additionall run rules have been implemented. The first question is whether the 
movingg range chart helps identifying out-of-control processes, without giving too 
manyy extra signals when the process is in control. An additional question is 
whetherr it guides operators towards the correct out-of-control direction. The 
conclusionn of our investigation is that the MR-chart only adds confusion, and 
shouldd therefore not be used. The material in this chapter (Trip and Wieringa, 
2000)) is a result from collaboration with my IBIS UvA-colleague Dr. Jaap 
Wieringa,, who for his Ph.D. research on time series did a project in 
Stadskanaal. . 

1.2.. PHILIPS (IN STADSKANAAL) 

Thee Philips Company was founded in 1891, when Gerard Philips started to 
buildd light bulbs in a small factory in the Dutch village of Eindhoven (cf. Philips, 
1991;; Lakeman, 1991). His brother Anton soon joined him and became 
responsiblee for selling the products. At the turn of the century Philips was 
alreadyy one of the biggest light bulb manufacturers of Europe. In the following 
yearss the company grew steadily, in spite of fierce competition and 
technologicall developments. To play a leading role in the latter the company 
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establishedd its own research department in 1914. The First World War forced 
Philipss to manufacture its own components (gas and glass), since some 
supplierss abroad were cut off. Philips emerged very strongly after the war with a 
growingg market share, and broadened its product range to new products such 
ass the radio, gramophone and shaver (the "Philishave"). In only a few years 
Philipss was market leader for radios. Factories were opened all over Europe, 
andd profits were high until the economical crisis of the 1930's, when Philips 
dismissedd half of its 22,500 employees in the Netherlands. The crisis lasted 
onlyy a few years, but then Philips returned stronger as before. 

Underr the threat of a new war Philips consolidated its position in America. In 
thee Second World War this brought unprecedented high profits, when Philips 
workedworked for the war industries of both sides of the opponent forces. After the war 
thee prosperity in Europe increased fastly and the demand for electronic 
productss rose enormously. Philips profited from the temporary fall off of the 
Germann competition and grew exceptionally. In 1950 Philips employed 90,000 
peoplee world-wide, nearly half of them in the Netherlands. The product range 
wass broadened with many new products of which the television was the most 
appealing.. Philips also manufactured many of the components for these 
products,, and with the development and production of transistors a new era 
started.. In 1961 the company was very profitable, with more than 200,000 
employeess world-wide. The size of the company and diversity of the products 
forcedd Philips to divide its activities in a number of divisions. 

Thee following decade saw the introduction of e.g. the compact cassette, 
computerr and IC (Integrated Circuit). Philips grew to a company with more than 
400,0000 employees, but in the 1970's the growth stagnated mainly owing to 
increasedd competition from the Far East and an economical crisis in Europe 
andd America. The company took a long time, however, to accept that the world 
hadd been changed and reacted defensively and late. Additionally, there were 
somee disastrous failures, with video recorders, computers, and memory IC's. In 
19900 this finally led to a major crisis, but a drastic reorganisation averted 
bankruptcy.. Philips returned to its core activities, sold its 'silverware', and 
dismissedd many employees, until less than 250,000 were left. During the 1990's 
thee company regained its health, but continual reorganisation is part of the 
present-dayy culture. Philips Electronics is still a major electronics company, and 
thee world leader in the lighting business, in shavers, and some other minor 
businesses.. Philips has also a strong position in semiconductors, especially in 
consumerr IC's; within the company the profit of Philips Semiconductors is the 
highest. . 

Inn 1955 Philips started a production facility in Stadskanaal, a village in the 
Northeastt of the Netherlands. In that period personnel were hard to get, but not 
inn this part of the country, where owing to agricultural mechanisation many 
labourerss became superfluous. Philips could employ many of them with the 
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productionn of picture tubes, and transistors and diodes; the maximum number 
off employees was over 3,000 in 1970. Then the market position of the black-
and-whitee tube gradually declined in Europe, and after a number of 
reorganisationss this part of the production was closed in 1987. Only the facilities 
forr glass bases (key components of picture tubes) and diodes were kept in 
Stadskanaal.. The number of employees fell off till less than 1,000. 

Thee successive reorganisations had a bad influence on the morale of the 
employees,, who felt that the end of Philips in Stadskanaal was near. In this 
pessimisticc atmosphere management launched a programme aimed at 
continuingg the Philips activities in Stadskanaal on a sound basis. The financial 
resultss should improve owing to higher efficiency, better delivery performance, 
improvedd quality, and faster innovation. At the same time the quality of work 
andd the organisation were improved. After a few years it became clear that the 
programmee had been successful: the process of downsizing stopped, and in 
factt the company grew again to about 1,100 employees. 

Inn the nineties Philips Stadskanaal implemented SPC, as described in the 
previouss section. The quality programmes ISO 9000 and QS 9000 were 
successfullyy introduced, as was the environmental programme ISO 14000. The 
companyy was placed in the finals of the 1994 Dutch Quality Prize. And 
improvementt teams were successfully competing in the Philips Semiconductors 
Qualityy Improvement Competition. At its 4001 anniversary Philips in Stadskanaal 
wass in a very healthy condition. This did not last long, however, mainly because 
thee predicted big growth did not materialise; in fact the market grew only 
marginally,, with huge variation between years. Another reorganisation became 
necessaryy in the year 1999; the results are not yet known. 

Thee most important activity of Philips Stadskanaal is to design and manufacture 
diodes.. A diode is an electronic component (an electrode with only two 
connections)) acting as an electrical valve: current is conducted in only one 
direction,, while it is blocked in the other. Diodes are used on printed circuit 
boardss as switches or rectifiers. In figure 1.1a sketch of a diode is shown. The 
heartt of the diode is the crystal, a small piece of semiconductor material. The 
otherr components are needed to make it a proper device. Two types of diodes 
cann be distinguished: leaded and unleaded (or surface mounted). Philips in 
Stadskanaall is specialised in medium power glass diodes. 

Diodess are manufactured in two stages. The first part is the production of the 
crystal:: silicon wafers are ground to a specific thickness, then the wafers are 
contaminatedd with boron and phosphor atoms in a diffusion process, then a thin 
metall layer is evaporated on the wafer, and finally the wafer is separated into 
crystals.. The second part of the production process is the assembly, testing and 
packagingg of diodes. The four product lines in Stadskanaal have separate 
assemblyy departments, supplied with crystals from the central diffusion 
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department.. The annual production in Stadskanaal is  2 billion diodes, with a 
turnoverr of 75 million euro. It is part of the business line "Power" within Philips 
Semiconductors,, with a marketing department located in Hazel Grove 
(England). . 

crystal l 

leadd / 

studd glass bead 

FIGUREFIGURE 1.1. Sketch of a glass bead diode 

Anotherr activity of Philips in Stadskanaal is the design and production of glass 
bases.. It is a unit of about 150 employees; it belongs to the product division 
Components,, operating rather independent of the Semiconductors business of 
Stadskanaal.. Service organisations (Finance & Accounting, Information 
Technologyy Support, Personnel and Organisation, Purchasing, etc.) work for 
bothh parts. 

Sincee the reorganisation at the end of the 1980's the production personnel in 
Stadskanaall is organised in so-called "whole task groups", a concept derived 
fromm the sociotechnical organisation form (cf. Haak, 1994). The idea is that a 
groupp of operators - not a shift leader - is jointly responsible for the productivity 
andd quality. The group guards the progress of work orders, solves small 
problems,, and improves the process. Advantages of whole task groups are that 
theyy are flexible, and that the number of hierarchical levels is small. A 
disadvantagee is that an organisation with whole task groups is difficult to 
control:: managers cannot control directly but need to rely on coaching the 
groupss and supporting them. This type of management appears not to be 
natural,, therefore a good environment and continual maintenance is required. 
Neww managers need training in this type of management or they will return to 
thee older form of direct control. 
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