Inhaltsverzeichnis

Three-Dimensional Molded Interconnect Devices (3D-MID)

Materials, Manufacturing, Assembly and Applications for Injection
Molded Circuit Carriers

Herausgegeben von Jorg Franke
ISBN (Buch): 978-1-56990-551-7

ISBN (E-Book): 978-1-56990-552-4

Weitere Informationen oder Bestellungen unter
http://www.hanser-fachbuch.de/978-1-56990-551-7

sowie im Buchhandel.

© Carl Hanser Verlag, Miinchen


http://www.hanser-fachbuch.de/978-1-56990-551-7

Contents

Preface . ..o \4

1 MID Technology and Mechatronic Integration Potential ................... 1

1.1 Technological BasiCS..........cooiiiiiiiii e 1

1.1.1 Definition and Root Principle............. ... ... .. .. ... 1

1.1.2 Geometric Classification......... ..., 2

1.1.3 Potential of 3D-MID Technology .............ccccovvviiiai.. 3

1.1.4 MID Reference Process ..........oouuuiiiiiiiiiiniaann. 5

1.1.5 Factors Influencing Choice of Technology ................... 6

1.1.6 Differentiation from Related Technology Fields.............. 7

1.2 Relevant Industries and Areas of Application......................... 8

1.2.1 MID-Relevant Industries . ........cooiueeiiieiiiiiieann, 9

1.2.2 Areas of Application.............oo i 11

1.3 The MID Market, a Global Comparison................ccvvueeinnennn. 12

1.3.1 Historical Development..............ccoiiiiiiiiannn. 13

1.3.2 MID Focuses by Region ...t 14

1.4 Main Fields of MID Research..............cooiiiiiiiiiiiiiia.. 16

1.5 Key Factors for Successful Projects ......... ..., 19
1.6 Network-Oriented Cooperation within the Research Association

Molded Interconnect Devices (3-D MID)............coooiiiiiia.. 20

2 Materials for 3D-MID . . ... e 23

2.1 Introduction to MID Materials Classes .............cooiiiiiean... 25
2.2 Materials Properties and Determination of Characteristic Values

FOT MID ..o 27

221 Mechanical Characteristic Values of Plastics ............... 29

2.2.2 Thermal Characteristic Values ................. ..., 33

2.2.2.1 Short-Term Exposure to Temperature...................... 33

2.2.2.2 Long-Term Exposure to Temperature ...................... 35

2.2.2.3 Relevant Thermal Characteristic Values for MID............ 35

2.2.3 Electrical Characteristic Values .................... ...t 37



VIl Contents

2.3 Materials for MID Technology ..., 39
2.31 Thermoplastics for MID........... .o oo, 39
2.3.1.1 Standard Thermoplastics ............coiiiiiiiiiae.... 40
2.3.1.2 Engineering Thermoplastics ................cooiviiio.... 41
2.3.1.3 High-Performance Thermoplastics......................... 43
2.3.2 Modified Thermoplastics for MID.......................... 45
2.3.2.1 Radiation Crosslinked Thermoplastics..................... 46
2.3.2.2 Highly Filled Thermoplastics. ...........ccoooiiiiiia... 49
2.3.2.3 Thermoplastics for Selected Technologies of MID

MetalliZation. . .......oii e 53
2.3.3 Thermoset Plastics for MID .......... ..., 58
3 Structuring and Metallization................. ... ... i 63

3.1 Structuring Processes ..........cco.oiiiiiiiiiiiiiiiii i 63
3.1.1 One-Shot Injection Molding .................ooiiiiaan. 64
3.1.1.1  Laser Structuring .........ooveviieiiiieiiieiieannn.. 64
3.1.1.1.1 LPKF-LDS® PrOCESS ... vveeteneaieeieaeaieiieanaanass 65
3.1.1.1.2 ADDIMID Technology..........ccovviiiiiiiiiiinn... 70
3.1.1.1.3 Alternative Laser Structuring Processes ................... 71
3.1.1.2 Printing Techniques.............ccoiiiiiiiiii ... 74
3.1.1.2.1 Aerosol-Jet® Printing ............ooooouueeeeeiiiee .. 74
3.1.1.2.2 Inkjet Printing . .......ooviein 77
3.1.1.2.3 Hot EMbOSSING . ..o ovvveei i 80
3.1.2 Two-Shot Molding ........ooeiiii e 84
3.1.3 Insert Molding .........coeieiiiii e 85
3.1.3.1 Film Insert Molding ..........coouiiiiiiiii .., 85
3.1.3.1.1 Thermoplastic Foam Molding ............................. 86
3.1.3.1.2 Injection Compression Molding ........................... 86
3.1.3.1.3 Press Insert Molding ...........ccooviiiineiiiiiiinnn... 87
3.1.3.1.4 Other Varieties of Film Insert Molding..................... 88
3.1.4 Alternative Structuring Processes.................oovnue.. 89
3.1.4.1  Primer Technology ...........coiiiiiiiiiiiiiii i 89
3.14.2 TamponPrinting ............ccoiiiiiiiiiiii ... 91
3.1.4.3 Plasma Technologies .............cooiiiiiiiiiiiinenn. 91
3.1.4.3.1 Flamecon™. .. .....oouii i 91
3.1.4.3.2 Plasmadust™ . .. .....o.oiiiii i 92

3.2 Metallization. . .....oonutii 96
3.2.1 Cleaning the Substrate Surface............................ 96
3.2.2 Metallization. . ........ouiutiii i i 97
3.2.3 Thickness and Roughness of Coatings .................... 102

3.24 Current-Carrying Capability .....................oiii... 106



Contents IX

4 Assembly Technology for 3D-MID ............ ... ... 113
4.1 Process Chain.........ouuoiii e 113
4.2 Assembly-Related Challenges .............cooiiiiiiiininnn.n. 114

4.2.1 Effect of Structure......... ..o 114
4.2.2 Component Placement on Three-Dimensional Bodies ...... 115
4.3 Automated Assembly ......... . 118
4.3.1 Requirements. ....... ... 118
4.3.2 Application of Connection Medium....................... 118
4.3.3 Placement of Components ..............c.cooiiiiieeeannnn. 123
4.3.4 Reflow Soldering ......... ..o, 134
4.3.5 Optical Inspection..........c.oouiviiiiiiiiiiinenn, 135

5 Interconnection Technology ......... ... .. i, 139
5.1 Specifics and Challenges. ..ot 139
5.2 Connection Mediums . .......outiuii e 143

5.2.1 Solder Paste. .. ..o 143
5.2.2 Conductive and Nonconductive Adhesives ................ 145
5.2.2.1 Isotropic Conductive Adhesives .......................... 145
5.2.2.2  Anisotropic Conductive Adhesives........................ 147
5.2.2.3 Nonconductive Adhesives............ ..., 147
5.2.3 Press-In Pins. ... 147
5.3 Connection Process. ........ouiiiii e 149
5.3.1 Reflow Soldering Techniques....................cooue... 151
5.3.1.1 Infrared Soldering.............ccoiiiiiiieiiiiiiin... 151
5.3.1.2 Convection Soldering..............coiiiiiiiiiiiiiinn.... 151
5.3.1.3 Vapor-Phase Soldering................coooiiiiiiiiiit. 152
5.3.2 Selective Soldering Processes ..., 155
5.3.3 GIUING . o e e 157
5.3.4 Press-In Connection Technique........................... 159
5.3.5 Chip Placement ..........c..ooitiiiiiiii .. 162
5.3.5.1 WireBonding ..........ccoiiiiiiiiiii 164
5.3.5.2  Flip-Chip Technology ...........ccoiiiiiiiiiiiieann.. 166
5.35.3 GlOD TOP .ottt e 168
5.4 Interfacing to Periphery .............o i, 169
5.5 Protecting Connections Against Environmental Influences.......... 170

6 Quality and Reliability ............. o 173
6.1 Challenges of Quality Assurance ..............c..ooveviiinnennenn.. 173
6.2 Simulation-Assisted Quality Validation............................. 175
6.3 Nondestructive Testing Methods ...................coiiiiiia... 176

6.3.1 Optical Testing and Inspection Methods .................. 177



X Contents

6.3.2 Automated Optical Inspection............................ 178
6.3.3 Xray Analysis ..ot 179
6.3.4 Computerized Tomography ...............coooiiiin... 180
6.3.5 X-ray Fluorescence Analysis ...........covvviivineennn... 181

6.4 Destructive Testing Methods ............ccoiiiiiiii .. 182
6.4.1 Adhesive Strength. ........ ... .. i 182
6.4.1.1  Peel Test. ... e 182
6.4.1.2  Pull-Off Test. .. ..o e 183
6.4.1.3 Shear Pull Test.........ovuiiiiii i 184
6.4.1.4  Chisel Test. ..o e 184
6.4.1.5 Cross-Cut Test (Tape Test). .....ooveeviiiiiiiiii ... 185

6.4.2 Measurement of Shear Force and Pull Test................ 187
6.4.3 Analysis of Prepared Sections............................ 188

6.5 Electrical Characterization................c.oiiiiiiiiiiiiiieann. 189
6.5.1 ResiStance ........ovuiiiii 190
6.5.2 Ohmic Heating. ..., 191
6.5.3 Insulating Properties ...........oooiiiiiii ... 192

6.6 Reliability Analysis. ........o.ouuiiniiiii i 192
6.6.1 MID-Specific Challenges...........ccovviiiiiiiiinnnnn... 193
6.6.2 Accelerated AgINg........ooiiii 194

6.6.3 Application Example I: High-Temperature MID............ 196
6.6.4 Application Example II: Press-In Connections............. 198

7 MID Prototyping. . ..ot e 201
7.1 Classification of Samples and Prototypes........................... 201
7.1.1 Visualization Samples ..., 202
7.1.2 Concept Model .....oovvriiii e 202
7.1.3 Fully Functional Sample ................ ...t 203
7.1.4 Prototype ... 204

7.2 Processes for Producing Plastic Blanks ............................ 205
7.2.1 Stereolithography ......... ..o, 205
7.2.2 Selective Laser Sintering...............ccooiiiiiii.n. 206
7.2.3 Fused Deposition Modeling .................ooiiii... 207
7.2.4 Vacuum Casting in Silicone Molds........................ 208
7.2.5 Milling Thermoplastic Semifinished Products............. 209
7.2.6 Injection Molding ..ot 209

7.3 Samples and Prototypes Produced by the LPKF-LDS® Process ....... 210
7.3.1 ProtoPaint LDS Process ..., 210
7.3.2 LDS Process with FDM Plastic Parts...................... 212
7.3.3 LDS Process with Vacuum Castings ...................... 212

7.3.4 LDS Process with Milled Semifinished Products........... 212



Contents Xi

7.3.5 LDS Process with Moldings from Rapid Tooling

Injection-Molding Tools. ..., 213
7.3.6 LDS Process with Moldings from Steel Tools
with Nonhardened Inserts ..................o.oooiat.. 213
7.4 Samples and Prototypes Produced by Hot Embossing ............... 214
7.5 Samples and Prototypes Produced by Two-Shot Molding ............ 214
7.6 AerosolJet Printing on SLA Parts.............coooiiiiiiiiiaL, 214
7.7 Overview of the Various Combinations for MID Prototyping......... 215
8 Integrative Developmentof MID ...... ... ... ... .. . . i 217
8.1 Systematic Approach for the Development of MID .................. 218
8.1.1 VDI Guideline 2206:
Design Methodology for Mechatronic Systems............. 218
8.1.2 Thomas Peitz’ Methodology for Product Optimization
of Mechanical Electronic Modules ........................ 220
8.1.3 Ingo Kaiser’s Systematic Approach for the Development
of Mechatronic Systems. ........cooviieiiiiiiiineeennnnn. 222
8.2 Requirements............coiiiiiiiii e 225
8.3 Product Conceptualization ..., 227
8.4 Production-Process Conceptualization ............................ 229
8.5 Electronics Design. ..... ..o e 235
8.6 Elaboration of the Production Process ............................. 240
8.7 Elaboration of Assembly and Connection Technology ............... 242
8.8 Work Planning ...........ooiiiiiiiii i e 244
8.9 MID-Specific Instruments of Development ......................... 246
8.9.1 MID Design Catalogs ........ourevniiniiiiiinnen.. 246
8.9.2 Properties Cards for MID Processes ..............c.o.vn... 248
8.9.3 MID Guidelines ..........ooeiieiiiiii e 250
8.9.4 MID Features . ........ouuutimueii it 252
8.10 Computer ASSISTANCE .. .....vvutiit i e 254
8.10.1  MID-Specific Requirements for Development Tools ........ 255
8.10.2  Software Tools for Design and Layout..................... 261
8.10.3  Software Tools for Simulation ............................ 265
8.10.4 CAD/CAM Chains ......couevuiiiiiiii i 271
9 Case StUdies. . ..ot 277
0.1 OLED . 278
0.2 FIOW SEINSOT. .« ettt ettt ettt e e e 279
9.3 Multiband Antenna for Smartphones ............. ... ... ... 280
0.4 ACC PoSItion SENSOT. . ...ttt 282

0.5  PreSSUIE SEISOT . . .ottt ettt et e e et e e et 283



Xl

Contents

9.6 MULTILED ... e 284
9.7 Insulin Pump ... 286
9.8 Passive UHF RFID Transponder ............c..covueiiiiiinnennnn... 287
0.9 LED Camera Module. ..........oouuiiniuieiiie i enneannn. 288
9.10 3D Switching Module. ...... ... i 290
Q.11 SeCUTIEY CapS « «ovv vttt et e 292
0.12 SOlar SEIMSOT . .ottt ettt et e 294
9.13 Microphone Carrier for Hearing Aid ....................oooiaL. 295
9.14 Seat-Adjustment Switch. ...... ... .o 296
015 LED Light. ..o e 298
10 List of Abbreviations ......... ... ... i 301
11 Literature. .. ..o 307
12 Authors and Contributors................ ... . 325
12,1 EditOr. . oo e 325
12,2 AUthOTS. .o 325
12.3 Consulting EXperts . ... ..o 330
13 AdArESSES . oo e 331
13.1 Research Association Molded Interconnect Devices (3-D MID)....... 331
13.2 Members of the Research Association Molded Interconnect Devices
(3D MID) .ttt e e 331



