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465 INDEX 

multi-chip module (MCM) stack
 
package, 164
 

process flow for chip-in-polymer
 
package, 166
 

stacked modular package, 168
 
wafer-level stacked dies, 167
 

EncapsulaJo on of 2D WLP 
' compre~ion molding, 162
 

process flow for Super CSpTM, 163
 
WL-CSP,161
 

Encapsulation process technology 
cleaning and surface preparation
 

deflashing, 173-175
 
plasma cleaning, 169-173
 

3D packages, 161-169
 
2D wafer-level packages, 159-161
 
glob-topping technology, 147-150
 
molding technology
 

comparison of molding 
processes, 146
 

compression molding, 145-146
 
injection molding. 143-144
 
reaction-injection molding,
 

144-145
 
transfer molding, 129-142
 

potting and casting technology
 
one-part encapsulants, 152-153
 
two-part encapsulants, 153-154
 

printing encapsulation technology, 
157-159
 

types, 130
 
underfilling technology
 

conventional flow, 155-156
 
no-flow, 157
 

Encapsulation techniques, 8, 90, 129,
 
157,162,168,181,248,249,423
 

Energy dispersive X-ray (EDX)
 
spectroscopy, 217
 

Engineering thermoplastics (ETPs),
 
79
 

Environmental loads, 363-364
 
Environmentally friendly encapsulants,
 

1,47,102-121 
toxic flame retardants. 102-107
 

Environmental scanning electron 
microscopy (ESEM), 337-339
 

Environmental stress, 275
 
Epichlorohydrin, 49-51,217
 
Epoxies, 47, 49-51, 64
 

aliphatic, 50
 
cycloaliphatic, 51
 
Novolac,51
 

Epoxy cresol novolacs (ECN), 59
 
Epoxy functionalities, 49
 
Epoxy molded compounds
 

material development, 87
 
Epoxy resins. 57, 59
 

mechanical and electrical properties,
 
61-63
 

Error seeding, 402
 
Ethylene-vinyl acetate (EVA), 452
 

copolymer encapsulants. 452--453
 
Ethylene-vinyl acetate (EVA), 452
 
Eutrophication, 116
 

Failure accelerators, 268-276
 
combined load-stress conditions,
 

276
 
exposure to contaminants and
 

solvents, 273-274
 
general environmental stress, 275
 
manufacturing and assembly loads,
 

276
 
moisture, 268-272
 

absorption and desorption, 270
 
residual stresses, 274-275
 
temperature, 272-273
 

Failure analysis techniques.
 
selection of, 344-348
 
condition and construction of
 

package, 345
 
defect and, 348
 
lateral resolution versus depth of
 

penetration, 346
 
performance of analysis tool,
 

345
 
Failure analysis techniques, selection
 

of, 344-348
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468 

High-resolution scanning X-ray
 
diffraction microscope
 
(HR-SXDM),328-329
 
advantage, 329
 

High temperature
 
automotive electronics, 432
 
electronics, 431, 433, 448
 
hardness, 187, 188
 
maximum junction and operating
 

ambient temperature extremes, 
432
 

operation test, 384
 
storage test, 384
 

Historical overview of encapsulation 
"Can and header" transistor 

package, 3
 
Kovar transistor package, 2
 
pre-molded plastic package, 7
 
transfer molding, 4, 5
 

History of qualification, 352-356
 
Homogeneous stacking design, 23,
 

24, 240
 
Hot chemical shrinkage, 243, 244
 
Hot hardness. See High-temperature
 

hardness
 
measurement from indentation
 

resistance, 188
 
Humidity tests
 

Autoclave test, 386-387
 
cycled temperature, with constant
 

humidity and bias, 388
 
highly accelerated temperature and
 

humidity stress test, 388
 
IPC/JEDEC J-STD-20 MSL
 

classifications, 389
 
temperature-humidity-bias stress
 

tests, 387
 
test to classify moisture sensitivity
 

level for surface-mount devices,
 
388
 

Humidity tests, 386-390
 
Hydrated metal oxide powders, 78
 
Hydrocarbon waxes, 78
 
Hygroscopic mismatch strains, 209
 

INDEX IN 

Hygroscopic swelling/expansion, 208 Int
 
mechanism of, 209
 

Hygro-thermomechanical properties, • Int
 
189, 189,220 Int
 

I 
IEEE (Institute of Electrical and
 

Electronics Engineers) 1413
 
standard, 355
 

Imaging modes, 302
 
Impact strength, 75
 
Improper marking, 228
 
Incomplete cure, 228, 250, 289
 
Indentation resistance, 188 - In!
 
Industry practices, 392-394
 

quality related terminology, 398 10
 
test conditions used in industry, 393 10
 
test methods and conditions, 10
 

395-397 10
 
Industry practices, 392-394 10
 
Inert f1exibilizers, 74-75
 
Inertial forces, 229 10
 
Infant mortality failures, 353, 356, IS
 

I
 
375 Is 

Infrared (IR) spectrographic analysis, 
289, 290 • IS
 

Infrared (IR) spectroscopy, 289 Is
 
Infrared microscopy, 289, 342-344
 

scanning infrared microscope, 344 K 
Inhibitor, 95 K 

I
 

Injection molding, 143-144, 146 K
 
apparatus, 143
 
disadvantage, 143 L
 

I
 
In-mold cure time, 66, 84, 85 L
 
Institute of Materials Research and
 

Engineering (IMRE), 451
 
Integrated circuit (IC) chips, 1
 

II
 

• 1
 

250,417
 
chip-to-substrate and substrate- 1
 

to-board packaging, 423, 426 I
 
miniaturization and integration I
 

trends, 419
 
packaging materials challenges,
 

428-429 ~
 

pitch sizes, 423
 

I
 





470 

Microelectromechanical systems 
(MEMS), 1,33,417,435-440 
ITRS requirements and challenges, 

442-443 
packaging options, 441 
plastic-encapsulated device, 438 
plastic-encapsulated pressure 

sensor, 438 
plastic encapsulation process 
from Industrial Technology 

Research Institute, 437 
pressure sensor from Motorola, 

438 
plastic packaging process, 436 
plastic pre-molded package, 439 
requirements and challenges, 

442-443 
Microelectronic device structure and 

packaging 
CDIM process, 430 
challenges in future semiconductor 

packaging, 422-423 
chip-to-substrate and substrate

to-board bonding, 426 
flow free thin molding technique, 429 
miniaturization and integration 

trends, 419 
Moore's law, "More than Moore" 

approaches, 418 
number of transistors per chip, 418 
packaging materials challenges, 

428-429 
single-chip package technology, 

424,425 
stacked dies in wafer-level CSP, 427 

Microelectronic packaging 
historical timeline and trend for, 421 

Micro-optoelectromechanical 
systems, 435 

Micro-voids, 206, 254 
MIL-HDBK-217 (military 

handbook), 352 
Miniaturization trend, 417, 419 
Minimum overall package profile, 424 

INDEX INDE)( 

Misaligned leads, 226, 227, 403,404 p 
Mix ratio, 93, 97, 99, 250 S 
MicroLeadFrame® (MLG®) package, mat 

440 mol 
Mode cracking, 22 pro] 
Moisture absorption, 270 resi 
Moisture-barrier bag, 260 stat 
Moisture concentration, 205, 208, stre 

209,211,269,271-272 trar 
Moisture content, 203-208 Moldi 
Moisture diffusion coefficient, 189, Mold: 

203,204,205,268,272 cor 
Moisture oiffusion rate, 81 Mold 
Moisture sensitivity, 100 Mold 
Moisture Sensitivity Level (MSL), Mont 

110,203,388-390 Mom 
Moisture sensitivity levels More 

categories, 388-389 Motn 
IPC/JEDEC standard classification, Mult 

389 15 
Moisture solubility coefficient, 205 Mult 
Moisture weight gain, 272 Mult 
Mold cavity thickness, 239 Mult 
Mold characteristics, 188, 189 
Mold-clamping pressure, 139 Nanl 
Molded-interconnect device (MID), Nanl 

29, 168, 170 m 
Molding compound preform (pellet), 

129, 130, 132,244 
Molding compounds, 11,34,47, Nan 

56-89, 108 Nan 
·w 

alaccelerators, 66 'If
 

coloring agents, 78
 
contents of epoxy, 57, 58
 Nit! 
coupling agents, 73 Nit! 
curing agents or hardeners, 60-66 P 
fillers, 66-73 No-
flame retardants, 76-77 Nm 
ion-trapping agents, 78 2 
market conditions and NOI 

manufacturers, 79-80 No 
material properties, 81-85 t 

key properties, 81 
Nitto Denko, 82, 83, 121 
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Printed circuit board (PCB), 7, 79, 
147,242,251,258,368,371,420, 
440 

Printing encapsulants, 10 I-I 02 
Printing encapsulation, 157-159 

materials, 10 1-102 
method,36 

Printing encapsulation technology 
encapsulated WL-CSP, 160 
planarization process, 158 
process flow, 158, 159 
stencil, 157-158 

Processing residuals, 212 
Product characteristics, 366-367 

manufacturing processes, material 
properties, 366 

Product development process flow, 
virtual and product qualification, 
359 

Product qualification, 351, 358, 
371-372 
accelerated testing, 378-382 
failure mechanisms, 380 
flowchart, 372 
HALT process, 373 
levels of, 375 

accelerated testing and TTF 
measurement, 376-377 

comparison, 376 
goal certification, 376 
similarity, 375-376 

modeling and validation, 378 
operating and destruct limits, 375 
qualification levels, 375 
qualification requirements, 

374-377
 
qualification test planning,
 

377-378 
reliability assessment, 382-382 
strength limits and highly 

accelerated life test, 372-374 
strength limits and margins, 374 
TTF of product life using PoF 

models, 379 

INDEX IN 

Q factor measurement method, 40 
Quad f1atpack (QFP), 14, 16,37,59, 

134, 137, 185,241. 259, 294, 423 
Qualification, 351 
Qualification accelerated tests 

flammability and oxygen index 
test, 391 

humidity tests, 386-390 
radiation hardness, 392 
salt atmosphere test, 391 
solderability, 391-392 
solvent resistance test, 390 
steady-state temperature test, 384 
thermal cycling test, 385-386 

Qualification and quality assurance 
industry practices, 393-394 

example test conditions, 393 
test methods and conditions, 

395-397 
product qualification 

accelerated testing, 378-382 
modeling and validation, 378 
qualification requirements, 

374-377 
qualification test planning, 

377-378 
reliability assessment, 382-383 
strength limits and highly 

accelerated life test, 372-374 
qualification accelerated tests 

flammability and oxygen index 
test, 391 

humidity tests, 386-390 

Q 

radiation hardness, 392 
salt atmosphere test, 391 
solderability, 391-392 
solvent resistance test, 390 
steady-state temperature test, 

384 
thermal cycling test, 385-386 

qualification and reliability 
assessment, 352-356 

qualification process overview, 
356-361 
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Resin bleed, 173, 184
 
Resin-filler interface, 206, 208
 
Resins, 57-60
 
Resin transfer molding, 144
 
Restriction of the use of certain
 

Hazardous Substances (RoHS),
 
105
 

Rheological compatibility, 184-185
 
effect of moisture, 186
 

Rollercoaster curve, 354
 
Room Temperature Vulcanization
 

(RTV), 91, 95, 152
 
,Root-cause analysis, 406-407
 
Rotary positive displacement valve
 

(RPDV), 149, 150
 
RTV silicones. 92
 

Salt atmosphere test, 391
 
Sample size selection, 377-378
 
SCAN® filler, 88
 
Scanning acoustic microscopy
 

(SAM). 248. 287, 301, 330, 332.
 
See also Acoustic micro-imaging
 
(AMI)
 
case studies, 312-321
 
C-SAM®, 302-310
 

acoustic impedance values, 306
 
acoustic scan, 305
 
acoustic wave reflectivity, 306
 
A-scan imaging, 304
 
B-scan.310
 
crack profile, 309
 
die surface, 305
 
quantitative B-scan analysis,
 

310
 
versus SLAMTM, 308
 
through-transmission scan, 307
 
time-of-flight scan, 308
 

imaging modes
 
acoustic, 303
 

scanning laser acoustic microscope
 
acoustic fringes, 312
 

Scanning and transmission electron
 
microscopy (STEM), 333
 

INDEX 

Scanning electron microscopy
 
(SEM), 288, 329, 333, 335-337
 

Scanning laser aoustic microscope
 
(SLAMTM), 302, 310-312
 
acoustic fringes, 312
 
operating principle, 311
 

Screen duration, 405-407
 
Screening, 399-400
 

economy of, 407-408
 
Screen printing, 157
 
Screens, 402
 

defects they expose, 403-404
 
dur~tion, 405-406
 

failure density, 405
 
failure distribution pattern, 406,
 

407
 
TTF distribution characteristic,
 

406
 
Screen selection, 401-402
 

duration, 405-406
 
root-cause analysis, 406-407
 
stress levels, 402-405
 

Selective layer removal, 297
 
Self-extinguishing green molding
 

compound, 121
 
SEMATECH, 355
 
Semiconductor technology
 

chip size, 420
 
packaging
 

challenges in,421
 
emerging technologies,
 

434-435
 
and encapsulation technology
 

trend, 421
 
glass transition temperature, 433
 
used in automotive applications,
 

433
 
physical limits, 417
 
temperature requirements, 432-433
 

SEMI G29 procedure, 216
 
SEMI G45-88 test, 184
 
Shadow-Moire method, 289
 
Shear rate, 140, 182, 185, 200
 
Shear thinning behavior, 185-186
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TAB package, 17
 
Tack-free time, 92
 
Tape-automated-bonded plastic
 

ball-grid array (TBGA), 17
 
Tape-automated bonding (TAB), 9,
 

17,89
 
Telescopic design, 24
 
Temperature cycling, 385
 
Temperature-humidity-bias stress
 

tests, 387
 
Tensile modulus, 61, 198
 
Tensile strength, 198-200
 

eTetrabromobisphenol A (TBBPA), 
103
 

THB tests, 277
 
Thermal conductivity, 195-197
 

guarded hot-plate technique, 196
 
Thermal cycling test
 

power and temperature cycling,
 
385-386
 

temperature cycling, 385
 
thermal shock, 385
 

Thermal loads, 229
 
Thermal mismatch stress, 47, 70, 251
 
Thermal shock, 385
 
Thermal stability, 34-35, 60
 
Thermal strain, 247, 273
 
Thermomechanical analyzer (TMA),
 

191-192,209
 
Thermo-mechanical properties, 12
 
Thermoplastic polymers, 79, 452
 
Thermoplastics, 34-35
 
Thermosets, 129
 
Thermosetting polymers, 4, 34-35,
 

48
 
Thin small-outline package (TSOP),
 

I, 16,249
 
Thomson approach, 22, 162
 
Three-point bend test, 197
 
Through-hole technology, 12
 
Through-silicon via (TSV), 26, 27
 
Through-transmission.
 

See THRU-Scan™
 
Through-vias (TV), 24-26, 168
 

INDEX 

THRU-Scan™, 302, 307-308, 313,
 
316
 

Time-of-flight (TOF), 302, 308, 319
 
Times-to-failure (TTF), 361, 368,
 

379,382,383,406 
Tin-lead (Sn-Pb) eutectic solders 

abolishing use of, 86
 
Tin whiskers, 229
 
Titanates, 73
 
TMA. See Thermo-mechanical
 

analyzer
 
Tolylene (toluene) diisocyanate (TDI)
 
Total mass loss (TML), 212
 
Towa Corpe See Flow Free Thin
 

(FFT) molding system (Towa 
Corp)
 

Towers of Hanoi design, 23, 24, 240
 
Toxic flame retardants
 

chemical structure of PBDE,
 
PBB, TBBPA, and
 
hexabromocyclododecane, 103
 

timeline of actions taken on BFRs,
 
106-107
 

toxicity of BFRs and antimony
 
trioxide, 104
 

Transfer molding, 129
 
aperture-plate mold, 134
 
cavity filling, 139
 
comparison of tools, 133
 
defined, 129
 
designs, 132
 
different parts, 137
 
encapsulation of quad flatpacks,
 

137
 
equipment, 131-136
 
glass transition temperature, 142
 
limitations, 130-131
 
multi-plunger mold, 134, 135, 136
 
simulation, 141-142
 

Transfer molding process, 129, 131,
 
136-141
 
process flow, 138
 
stages, 138
 
transfer rate control, 141
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479 INDEX 

Transfer plunger, 129, 132, 134,
 
136-140
 

Transfer-plunger pressure
 
(transfer pressure), 139-140
 

Transfer pot, 129, 130, 132
 
Transfer-rate control, 141
 
Transformers, 7, 36, 90, 191, 235
 
Transmission electron microscopy
 

(TEM), 333, 339-342
 
bright-field mode, 340-341
 
dark-field mode, 341
 
diffraction contrast, 341
 
high-resolution mode, 341-342
 

Trapped gas, 212
 
Tray-scan, 302, 303, 320
 
Trends and challenges
 

emerging technologies
 
bioelectronics, biosensors, and
 

bio-MEMS,440--445
 
microelectromechanical systems,
 

435--440
 
nanotechnology and
 

nanoelectronics, 445--449
 
OLEDs, photovoltaics, and
 

optoelectronics, 449--453
 
extreme high- and low-temperature
 

electronics, 431--434
 
microelectronic device structure
 

and packaging, 417--431
 
Trial-and-error methods, 235, 236
 
Trifluoropropyl, 52
 
True positive displacement pump
 

(TPDP), 150
 
Tungsten plug, 27, 29
 
Two-part potting encapsulants,
 

153-154
 

UL flame class, 81
 
UL vertical flammability test, 218, 219
 
Unbalanced encapsulant flow, 241
 
Unbound water molecules, 206
 
Underfill, 98
 
Underfill encapsulants, 36, 95-101
 

advantages, 98, 100
 

Henkel Loctite Corporation, 101
 
key properties, 100
 
recent advances, 100
 

Underfilling technology, 154-157
 
advantages and disadvantages, 154
 
conventional flow, 155-156
 
conventional versus no-flow
 

process flow, 155
 
factors related to void-free, 156
 
flip-chip encapsulation, 156
 
no-flow
 

disadvantages, 157
 
Underwriters Laboratory (UL), 76,
 

218, 391
 

Vacuum printing encapsulation
 
system (VPES), 158-159,247,
 
248
 

Vapor-induced cracking, 258-262.
 
See also Popcorning
 
contributing factors, 260
 
preventing package cracking,
 

260-262
 
quad flatpack cracking, 259
 
stages, 258
 

Vapor-induced delamination,
 
251-252,258,261,275
 

Vertical flammability test, 218
 
Vertical multi-chip module
 

(MCM-V),22
 
Via first method, 25
 
Via last method, 25
 
Vibration, 229, 345, 363-364,
 

368-369
 
Vicker hardness, 67
 
Vinyl, 52
 
Virtual qualification, 351, 361-370
 

flowchart, 362
 
life-cycle loads, 365
 

Viscosity, 185, 200-201
 
Visual examination, 288
 
3VTM, 302, 303
 
Voids, 247-249
 

air-trap formation, 249
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Voids (contd.)
 

defect and void-free encapsulation,
 
248
 

Hele-Shaw model, 248-249
 
Volume resistivity, 215, 216
 

Wafer-level chip-scale package
 
(CSP),427
 

Wafer-level package (WLP), 1,20,
 
24-29,145,157,159-161,420,
 
427,440,454
 

Wafer-level packaging, 440
 
Wafer-level underfill (WLU), 449
 

advantages of, 449
 
Wafer to wafer (W2W), 27
 
Warpage, 242-245
 

concave mode, 243
 
contributing factors, 243-245
 
effect of encapsulation
 

composition, 245
 
modes, 242
 
temperature profile, 243
 
volume shrinkage, 244
 

Waste from Electrical and Electronic
 
Equipment (WEEE), 105
 

Water vapor regained (WVR), 212
 
Wearout failures, 229, 274, 353, 356,
 

381,402,405
 
Wearout screens, 401
 
Weighed-cell method, 211
 
Wet chemical decapsulation
 

technique, 290
 
Wetting halance test, 392
 
Wire ball bond fracture, 226, 229
 
Wire-bonded plastic ball-grid array
 

(PBGA), 17, 18
 
Wire bond height, 240
 

INDEX 

Wire diameter, 238, 239
 
Wire orientation angle, 239
 
Wire sweep, 236-24 J
 

contributing factors, 238
 
density, 238-240
 
diameter and breaking load, 239
 
extent, 239
 
geometrical parameters, 240
 
profiles, 241
 

Working time. See Pot life
 

X-ray contact microscope, 325-327
 
parameters and aspects, 326
 

X-ray fluorescence spectroscopy,
 
331-332
 
operating modes, 331-332
 

X-ray generation, 322-325
 
X-ray microscopy
 

advantages, 321-322
 
case study: encapsulation in
 

plastic-encapsulated devices,
 
329-331
 

contact microscope, 325-327
 
generation and absorption, 322-325
 
absorption coefficient versus X-ray
 

wavelength, 325
 
X-ray tube, 323
 
X-ray wavelengths, 324
 
high-resolution scanning
 

diffraction microscope, 328-329
 
projection microscope, 327-328
 
principle, 328
 

X-ray projection microscope, 327-328
 
X-ray wavelengths, 324, 325
 

Zeolites, 448
 
Zircoaluminates. 73
 




