Contents

LiSt Of AULNOIS ..o e e XiX
1 Modelling of the Manufacturing ProCESSES.........ccccveveereesiennensiensieeseeens 1
1.1 Manufacturing Systemsin Electronics Production ...............c.cee..... 1
1.2 Abstract Manufacturing SYyStEMS .........ccovrererereeinese s 4
1.2.1 PrinCiples and TEIMIS.........ccviriririeneeneeeeesese s 4
1.2.2 SCheAUIING ...cveeeereeieeeeeeee e enea 15
1.2.3 Static ProceSS MOE ........cccevveriienieieieenese e 19

1.3 Characteristics of Technological Processes...........cccovvrereneneeenne. 29
1.3.1 The Technological Process TerM........ccceeveeveeveeseeseeseennnns 29
1.3.2 CharaCteriStiCS....cuiirerieieieirese e 33

1.4 Process CharaCteriStiC........coueviriiceereiiece e 47
1.4.1 Explanation of the Process Characteristic Term............cccc..... 47
1.4.2 Operating Point for Technological Processes.............cccveuee. 50
1.4.3 Adjustment Point and ECCENICItY .........coooeivrieriiniiniens 50
1.4.4 Variation Width of Technological Processes...........c.cccceevnnene 53
1.4.5 Process Capability ......cccoeceevecneenien e 54
1.4.6 Normal-distributed Process Characteristic.........c.coevrererennnns 54

1.5 Measurement CharaCteristiC.......covvivevereeiene s 55
1.5.1 Measurement Process — Principlesand Terms...........ccccuen.e.. 55
1.5.2 Measurement and ChanCe...........ccoerereeeenienenese s 56
1.5.3 Measured Process CharaCteristiC........couvvveerevvseesese e, 57
154 Trueand Measured Yield......c.ccooeiiiiennneecese e 58
REFEIENCES. ...ttt eas 59
2 Structures, Graphs and NetwWorks...........ccceveveicene e 61
2.1 Directed Graphs........cccieieeeeiresiesie e 61
2.2 Network Planning........ccccceveeeiierieesee et esveesieeses s see s 64
221 PriNCIPIES ..ot 64
2.2.2 CPM Network and Equivalent Representations..................... 65
2.2.3 Determining Datesin the Network.........cccccoevieevieevensiensnene, 67
2.2.4 Caculation of Buffer Timesin the Network.............ccceevevenee. 70
2.2.5 Strategies in Network Planning..........cccooveeneveneneneicscnennn, 70

2.2.6 CPM COSL....coeiiiiieeie ettt 72



xiv  Contents

2.3 Product-flIow Graphs .......ccccceeveriieiceccee e 74
2.3.1 Weighting Function for Technological Processes................. 74
2.3.2 Operator Technological ProCeSSES..........coccvveeeerenenieniennenens 78
2.3.3 Basic Structures of Technological Processes.........ccccevvenee 81
2.3.4 General Structures, Regularities, Relationships.................... 84

2.4 QUEUE MOMEIS.......cceeeie e 89
2.4.1 Demand FIOWS........cooiiieeceeese e 90
2.4.2 Classification of Queuing SysStems........ccccevvveeveveseesie e 96
2.4.3L0SS SysStemM M/M/LI0 ....ovvieieieieeeeeeses e 96
2.4.4 SystemS With QUEUE ..........coerieriirieieieeeeeese e 102

2.5 PO NELS ... e 105
2.5. L DEfINITION. ...citiiiieieeeceese e 105
252 EXAMPIE...c.iieicee e 111
2.5.3 Elementary Linksin Petri Nets........ccccocevievieevien e 114
2.5.4 Extended Petri NEtS........ccocvivinireieeceesese e 116

REFEIENCES. ...ttt s 117

3 Simulation of Manufacturing ProCESSES..........ccceoveirenirenienieeeeeenins 119

3.1 Principles of the Simulation Methods..........cccccvvevivncencecieenenns 119
3. L1 DEfinition of TEMS.....ooocvieeeeecee e 119
3.1.2 Discrete Event SImulation..........ccocveceeveveecennseece e 120
3.1.3Usesfor the SImulation ...........ccoceeeeiiieeneseeee e 123

3.2 SIMUlation PrOjECE .....cviivicie ettt 124
2. L Preparation........ccceueeeeeeninesiesiesiesee s 124
3.2.2 Performing the EXperiment ..........cccccvvevveeieevieeseeseesee e 127
2.3 BEVAUGLION......ociiieeeeecee e 128

3.3 Analysisof the Simulation ReSUILS...........ccecvverireninenceeeee 128
3.3 L EVENE TIaCe..co ittt 128
3.3.20nliNe EVAlUALIONS ........coeeeieeeeie e 130
3.3.3 Characteristic Variabl€es..........cccoovvveveneieeie e 131
3.3.4 Representation FOrmMS..........ccoereeeieeienineneseseesee e 135

3.4 Thesimcron MODELLER ........ccccoiiiieiiiieeeeee e 142
AL OVEIVIEIW ..ottt 142
3. 4.2 MOdEl ODJECES ..o e 143
3.4.3 SIMUIELION RUN.......oieieiceeese e 151
G I g L oo ] RSP 152

3.5 SIMUlation MOEIS........ccviievieieeece e 152
3.5.1 Flow Shop and Operating Curve...........ccceeeeeeereneneneenen. 152
3.5.2 Cluster in Semiconductor Production.............ccccceeevveeecennnn. 155
3.5.3 Quality Processes of Printed-Circuit Board Production...... 156
3.5.4 Job Shop in Electronics Manufacturing............ccoceeeeeeeenenn. 158

3.6 Process-accompanying SImulation..........ccccceveueviesienceesieeenieeneens 161

3.6. 1 Template MOdE.........c.coviiieececeee e 162



Contents  xv

R ST L 01 =0 = { o] o SR 163
3.6.3 Comparison of Reality and Simulation ...........ccccccceveieeennne 167
3.6.4 Model AdapLaLiON........ccceirrireirieieeeeeeee e 170
REFEIEINCES. ...t 171
Optimisation of Technological Processes..........ccovveveeieeceeneieecee s 173
4.1 Caculation of EXtreme ValUES.........cccevvveeienieeiese e e 173
4.2 Linear Programiming........cccceeeeeresersensessesseeeessessessessessessessesessens 175
4.2.1 Optimisation of Product Volumes— Prablem...................... 176
4.2.2 Optimisation of Product Volumes — Solution Method.......... 176
4.2.3 Exchange Method and Simplex Algorithm ... 180
4.3 Dynamic Programming ........cccccoeeeieeveeneenienseesieesneeeseesseeesneesnessnes 184
4.3 1 INrOAUCTION ..o 184
4.3.2 EXAMPIC....eeieeiieeeeee s 184
4.3.3 Problem Definition for Dynamic Programming................... 186
4.3.4 Bellman Recursion EQUation............ccccceveeeeceveseese e 187
4.3.5 Dynamic Programming Strategy .........ccceeeeereeriereereriesienennes 190
4.4 Simulation-based OptiMiSatioN ..........cceeeerininenereseseeeeeeeias 191
N I o = T 191
4.4.2 Optimisation CYCle........coirirereieieiresese s 195
4.4.3 Search AlQONthMS.........cooiiiieeee e 198
4.5 Optimisation with Several Goals..........ccceveeveeveerien s 201
REFEIENCES. ... st 205
QUALTTY ASSUFAINCE........eiuireeierieieieerie sttt 207
5.1 General Goalsand TEMS........ccooiieiieieriee e 207
5.2 Description of Quality Characteristic Variables...........cccveveneee. 209
5.2.1 Quality Characteristic Variables as Random Vaue............. 209
5.2.2 Calculation of Probabilities..........cccceevevreeiencenieene e 210
5.3 Discrete Quality Characteristics and their Distributions............... 212
5.3.1 Discrete Quality Characteristic Variables..........cccoevvvenenee. 212
5.3.2 Discrete Probability Distribution............cccceeoerereneneneneens 213
5.3.3 Distribution FUNCLION .........cooeeeeiiieeee e 214
5.3.4 Parameters for Discrete Probability Distributions................ 215
5.3.5 Important Discrete Probability Distributions.............cc.cc..... 217
5.3.6 Usesin Module Production .............cceccevveeeneneneeennseneeen 220
5.4 Distribution Functions of Continuous Quality Characteristics......222
5.4.1 Continuous Quality Characteristic Variables..........cccoeu...... 222
5.4.2 Density FUNCHION ......ccoooiiiiiriisieneeseeeeeeeses e 222
5.4.3 Distribution FUNCLION ........ccooeeeiiieeeeeeeeseeee e 223
5.4.4 PalaMELEN'S .....coiueieiieieertee ettt 224
5.4.5 Important Continuous Distributions...........cc.cccecevivreeernreene 225

5.5 Evauation of Quality Dataand Point Estimates...........ccc.ccceuvenee. 230



xvi  Contents

5.5.10btaining aSample........cccocieevienieener e 230
5.5.2 Calculation of Statistical Measured Values...........ccoceeuenen. 233
5.5.3 Random Sample and Sample Functions............ccccceeeennene. 235
5.5.4 Distributions and Parameters of Sample Functions............. 236
5.5.5 Point Estimates for Quality Characteristic Variables.......... 238

5.6 Statistic Test and Interval Estimate for Quality Characteristics... 241
5.6.1 Genera Prablem Definition...........cooevvveeeeneseecesnseens 241
5.6.2 Testing the Continuous Quality Characteristic Values........ 242
5.6.3 Comparing Continuous Quality Characteristic Values........ 246
5.6.4 Test Procedure for Discrete Quality Characteristic Vaues. 251
5.6.5 Testing of Distributions...........ccccccvvcervecviecsie v 252
5.6.6 Confidence EStIMaLes..........ccovvrerinenieneeieenese s 254

5.7 Quality—Control Charts..........cocooererereieinesese e 257
B5.7. 1 INErOQUCTION ...t 257
5.7.2 PrOCESS TYPES..ciiiuiieitei et stee sttt sttt e s 258
5.7.3 Shewhart Quality—Control Charts.........c.cccccevvveeveseseennnns 260
5.7.4 CONLrol ChartsS .......eeceveieeeeeseeeese e 265
5.7.5 Operations Characteristics of Quality—Control Charts........ 271
5.7.6 Estimating Process Parameters Using a Preliminary Run... 274

5.8 Quality Capability Of ProCESSES.........ccccererrerreeeiresese e 278
5.8.1 Process Capability .......ccccoevieviiiin i 278
5.8.2 Machine Capability ........cccccoveeeviiiiieie e 281

5.9 Acceptance SamMPIe TESE......cceovrirerirerierieee e 282
5.9.2 INErOQUCHION ...t 282
5.9.2 Single Sampling Plans........cccccooeviiicene e 284
5.9.3 Determination of Single Sampling Plans...........ccccceovvenene. 289
5.9.4 Double and Multiple Sampling Plans..........c.ccoceveieiinennne. 290
5.9.5 Sequential Plans.........cccoovvviereneneneeeeeese e 293
5.9.6 Sample Test for the Number of Defects per Unit................ 295
5.9.7 Variable Sampling Plans .........ccooeoeiiinninincceeeeee 295
5.9.8 SaMpling SYSIEMS .......oovieirce e 298
REFEIENCES......ceeiiiece e e 301
6 Process Cost OptimiSation .........ccecererirerenerieieeesesese e 303
6.1 Process Chainsin Electronics Manufacturing ............cccceeevenienee. 303
6.1.1 Principa Technologies of Electronics Production .............. 303
6.1.2 Quality Assurance in Modern Electronics Production......... 307

6.2 Quality Cost Optimisation to Reduce Process Costs............c.n..... 310
6.2.1 Goal of Quality Cost Optimisation..........cccceeeeveerieeriersenne 310
6.2.2Yieldy and Defect RAt@P.....ccvceeeieviiciececeece e 311
6.2.3 Basic Quality Cost Model and Quality Distribution............ 313
6.2.4 Extensionsto the Basic Quality Cost Modd! ....................... 321

6.2.5 Features of the INnSpection Process.........ocveeevvieeceseceenns 328



Contents  xvii

6.2.6 Cost Model for the Sampling TeSt.......ccceveevervcerceccieeiene 331
6.3 Effects of Process OptimiSation ..........c.coeveieeeninenenieneeeeesennes 337
6.4 Dynamic Programming to Solve Complex Process Chains.......... 340
REFEIEINCES. ...t 346
Design of Experiments and Regression Analyses..........coceveveiieeieenens 349
7.1 GENEral GOAIS......cecviivieese e 349
7.2 Regression ANAlYSIS.....ccoieieieirese e 350
7.2.1 Problem SpecCification .........ccccceevieieeeene e 350
7.2.2 Simple Linear REGreSSION.......c.cooeveieeirerenic e 352
7.2.3 Dua Linear REQreSSION........cciirierierieeeisesie e 358
7.2.4 Restrictions for Performing Regressions..........cccoceveeveenenene 359
7.3 VarianCe ANAlYSIS.....ccocoueiiieeie ettt 360
7.4 Design Of EXPErimENTS.....c.ccoiiireririeseieeeeeese e 363
7.4.1 Complete Factorial Test Designing........cccccvveeeeceencecnieeninnns 363
7.4.2 Reduced Test DESIGNS ......ccviveeieiieceeie et 367
7.4.3 Test Designs with REpELitions.........cccooevveiineninesiecenns 371
7.4.4 Test Designs for Nonlinear Relationships...........coccveeveieenns 371
7.4.5 Specia Response Variables........ccocceveeveevceevcnncescecieeenieens 373
7.4.6 Practical Recommendations for Designing Tests................. 374
7.4.7 Investigation of aWave Soldering Bath...........c.ccceveiennnne 377
REFEIEINCES. ...t 387
Reliability of Products and ProCesses...........ccoveeveeneceeriesecieese e 389
8.1 Reliability Characteristics and Models...........ccccveerenerenienieennenn 389
8.2 Termsand Reliability CharacteristiCs........cccovvevieevievviee e, 389
8.3 Lifetime DistribUtioNS ........cccovereiieeieieese e 393
8.3.1 Exponential DistribUtion ...........cccooeveeierinienineneneseseeeniens 393
8.3.2 Welbull DistribUtioN...........ccoovierierieieieise e 393
8.3.3 Useof Lifetime Distributions.............ccooovioeeiiiinierrncee, 395
8.4 Reiability TESIS.....ccececieeciceeeeese e 396
8.4.1 Graphical Evaluations of Reliability Data............ccoceveeenene 396
8.4.2 Computed Evaluations of the ResUlts...........cccceevriveiienienns 398
8.5 MarkoV ChaiNS........ccceieiriiiniriesesie e 402
8.5.1 Technological Process with Two States..........cccevvvvevennnee. 402
8.5.2 Two Technological ProCeSSES.........cccceveereririenienieieeeeniens 406
8.5.3 Technological Processes with More than Two States.......... 407
8.5.4 Markov Chainswith Infinitely Many States...........ccccceevnnene 408
8.6 Multidimensional Process and Test Characteristics............ccce..... 409
8.6.1 Two-dimensional Process CharacteristiC..........ccevcvvvreeeenee. 409
8.6.2 Process EQUEALION ..........cceeveviecieeie et 411
8.6.3 Two-dimensional Process Operator ...........c.ccuevereereeieeeniens 412

8.6.4 Chain Structure of Two Technological Processes................ 412



xviii Contents

8.6.5 Measured Process CharaCteristiC........cceeereieeieneneeeennne 414
8.6.6 Measured Process EQUaLiON...........coeeveererenereeneeneseneniens 415

8.7 Reliability of Technological ProCESSES............cceerveierenerienienienns 416
8.7.1 Process Defect Rate for Several Quality Characterigtics..... 416
8.7.2 Operating Point Drift.......ccccooovieiiiiiieie e 418
8.7.3Momentary Yield.......ccooririrenirieieieesesese e 420
8.7. 4TSt BIUMING.....coeeeieiiirisereree e 422
REFEIENCES......ceiieieiece e 428
9 Assembly ACCUraCy ThEOIY ......ccccvriririerererieeee e 429
L& 00 R 1 110 [F o 1 o o IS 429
9.2 Positioning Tasks for the Solder Paste Application ..................... 430
9.2.1 Machine Accuracy (Positioning ACCUracy).......ccceeeveeeenns 430
9.2.2 ASSEMBDIY ACCUIACY .....covveieeeiriesiesiesieeeeeie e 434

9.3 Positioning Actions for Component Placing .........cccveevveevvcvecnenne 436
9.4 Improvement of the Assembly ACCUIaCY ........cccceevvveeeeirereennnn, 441
9.5 Assembly Accuracy as Quality Characteristic Variables............. 442
9.5 2 INLrOAUCLION ... 442
9.5.2 Placement of Components with Peripheral Leads............... 444
9.5.3 Placement of Area-array COMPONENtS.........cccververeeierennenn. 447
9.5.4 Positioning Accuracy as Random Variable............cccceeeee. 452
9.5.5 Defect Rate for Placement..........cccceeoviereennnencene e 455

9.6 Machine and Process Capability........c.ccceveevieieeeesececieece e 461
REFEIENCES. ....eeee et 463
APPENAIX — TADIES....c.eee e 465



