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abnormalities, 96, 211, 232,
309-10

AC, see alternating current

activation energy, 103

alternating current (AC), 2, 8, 10,
21, 25,30, 121, 127, 129, 146,
243, 255,262, 283,293

amplification, 17-18, 20, 23, 109,
129,132,220

amplifiers, 16, 18-19, 23, 140, 221

anode p-region, 71, 82, 84-85, 89,
161-62, 168

antiparallel IGBT, 287-88

application-specific integrated
circuit (ASIC), 209, 215, 217,
221,224,231, 233-34, 275

arm-switch, 229, 231, 251, 268,
270,272,307,310

ASIC, see application-specific
integrated circuit

A-type snubber, 262-64

Auger recombination, 92, 98, 103

avalanche, 45-46, 60, 143, 174,
247

backside doping techniques,
advanced, 285

backside profiling, 291

bandgap, 44, 296-97

base-collector portion, 62

base drive unit, 10, 123, 158

base electrodes, 9,113,123, 133,
174

base emitter, 81, 128
base plate, 193-95, 199, 201, 204,
221
base region, 109, 114, 125,
133-34, 136, 247
bevel-type edge termination, 182
biFET, 145, 158
bipolar devices, 32, 75,93, 275-76,
281, 296
bipolar junction transistor (B]T),
18,27-28,30-32, 54-59,
83-85,111-13,117,119-29,
131-36,146-47,157-59, 167,
173-75, 182, 278-79
bipolar transistor, 12-16, 28, 30,
80, 182, 184, 186, 213, 281,
285,302
carrier-stored trench-gate, 148,
285
heterojunction, 16
high-voltage insulated gate, 150
injection-enhanced insulated
gate, 148
npn, 21
pnp, 245
real, 81
reverse-blocking insulated gate,
291
BJT, see bipolar junction transistor
blocking voltages, 238, 293,301
Boltzmann distribution law, 73-74
breakdown, 43, 45-46, 48-49, 51,
54,58-59, 136,179, 287,311
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breakdown voltage, 43-44, 274,
276,279-80, 282, 288,
297-98,301

bridge circuit, 219, 237, 253, 287

B-type snubber, 263-64

capacitances, 18, 20, 30, 240-42,
244-46,252,257-58, 264,
304

capacitor, 10, 31, 47,57, 68, 107,
140, 251, 253-55, 258, 260,
262, 264-65

carrier—carrier scattering, 81

carrier distributions, 75, 79, 105,
131,151,153, 155-56, 165

carrier mobility, 17, 297-98, 302

carrier-stored (CS), 148, 285-86,
315

carrier-stored trench-gate bipolar
transistor (CSTBT), 148-49,
151-52,154, 156, 165, 218,
224,229,231, 233, 274, 276,
285-86,292,314

case-type, 189-93, 197, 202-3

cathode n*-region, 162

cathode n-region, 71, 165

central processing unit (CPU), 32,
139,221

charge carriers, 73-74, 76, 80-81,
83,95-96, 110, 128,131, 133,
152,165,167-68,177

charged carrier densities, 42, 45,
53, 82, 89-90, 94, 98-99,
102-3,127-29, 152, 156,
165, 167-68

charged carriers, 40, 45-46, 74-75,
78, 85-86,90,95-96, 98-99,
101,103,105, 127, 159, 161,
167-68

charge neutrality, 39, 75, 77, 162

chip, 8, 62-63, 86,136-39,171-72,
181, 184, 195-96, 198, 207,

209, 217, 219-20, 223, 229,
283,291-92,302-3,312
first-generation, 286
high-current-type, 295
integrated, 191
silicon-based, 299
chopper, 7, 12-13, 26, 63, 67, 70,
142-43,187-88, 251, 259,
265,300,307
circuit, 18-23, 25-26, 58-59, 67,
142-44, 164,182, 187-88,
195-96, 199, 233-35, 237-38,
249-60, 264-65, 288, 293,
295
driver, 242, 244, 254, 257
half-bridge, 245, 249, 251
main, 10, 30, 57-58,107, 111,
242,244
short, 12, 55-56, 232
coefficient of linear thermal
expansion (CTE), 195, 201-2,
204
collector, 55-57,113-14, 116-19,
121,126-31,133-34, 136,
145-46,148-51, 156, 159-60,
164-67,170, 237-38, 240-42
collector n*-region, 126, 129-30
collector n-region, 240
collector p*-region, 240
collector p-region, 146, 150, 156,
164, 168
COMFET, see conductivity
modulated field-effect
transistor
commutation, 30-31, 107, 250,
252
conduction band, 41, 96
conduction losses, 184, 237,
266-67,301
conductivity modulated field-effect
transistor (COMFET), 145
control circuits, 6, 253, 255
covalent bonds, 33-35, 38
CPU, see central processing unit



CS, see carrier-stored

CSTBT, see carrier-stored trench
bipolar transistor

CTE, see coefficient of linear
thermal expansion

C-type snubber, 263-64

currents, 46, 75, 105, 176-77, 234,
254,267-68, 270

Darlington circuitry format, 182
Darlington connection, 119, 123,
146
three-stage, 30, 157
two-stage, 30
Darlington transistors, 8-9, 123,
133
DBC, see direct bonded copper
DC, see direct current
deep-diffusion process, 295
deformations, 200
plastic, 200
stress/strain, 199
degradation, 17, 180, 195
time-stressed, 311
depletion layer, 66, 70, 74, 96,
98-100, 116,128, 141,
145-46, 184, 288
destruction, 12, 54, 57-60, 71-72,
80,85,111,121-22,132,
134-35,141, 143, 151,
171-75,178-79
#1-type, 173
avalanche, 59, 143
spontaneous, 132, 135-36
devices, 3-8,12-13, 15-21, 27-32,
56-57,59-61, 139-41,
214-15, 237-40, 245-47,
249-50, 281-86, 291-93,
301-4,307-9
advanced, 18
alloy-treated, 61
charge-controlled, 242, 244
competitive, 305
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epoch-making, 314
faulted, 310
high-current, 260
high-performance, 60
high-power, 28, 200
high-withstanding-voltage, 50
integrated, 291
large-area, 5
lower-arm, 142
low-loss, 278
pin, 27
pip, 109-10
power-transistor-integrated,
187
prototype, 292
silicon-based, 275, 278, 308,
314
thyristor-type, 31, 152
variable-speed-type, 9
voltage-controlled, 238, 279
device simulations, 159-60, 169,
171,175
device simulator, 74, 88, 92, 103,
284
diffusion, 43-44, 51, 74, 79-80, 84,
86,88-91,99,101-3,118-19,
127,137,150, 295
diffusion current, 43, 51, 74,
79-80, 89,99, 101-3, 127
diffusion self-alignment
metal-oxide-semiconductor
field-effect transistor
(DSA-MOSFET), 137, 140, 144
diode, 4, 27-28, 49-50, 52-53,
59-65, 67-72,77-78, 80-81,
83-85,92-94, 105-7, 119,
164, 252, 286-88
antiparallel, 188, 259, 283
clamping, 188
diffused, 62
diffused junction, 61
discrete fast switching, 295
fast-recovery snubber, 265
gold-diffused, 104
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gold-diffusion, 105
hard-recovery, 71
high-speed switching, 66
high-voltage power, 287
ptint, 61
low-voltage, 65
p* nnt, 48
partial, 164
platinum-diffused, 104-5
pn, 28, 59, 62
p-n-junction-based, 276
point contact, 60-61
rectification, 62, 66
reverse conducting, 112
snubber, 264
soft-and-fast-recovery, 85
DIPIPM, see dual-in-line intelligent
power module
direct bonded copper (DBC), 191,
193,195-97,199
direct current (DC), 2-4, 6-7, 21,
23, 25,29-30,106-7, 199,
250, 252, 264, 283, 293, 303,
308
discharge, 29, 68-69, 242, 246, 304
discharge tube, 2-3, 29, 46
DMOS, see double-diffused
metal-oxide-semiconductor
doping, 38, 43, 114, 154, 282, 291,
298
double-diffused metal-oxide-
semiconductor (DMOS), 14,
154, 284
drain, 18, 20, 65,137, 139, 237-40,
243,304,311
drift, 39-40, 43, 51, 69, 74-75, 79,
82,88,111,127,167, 288, 297
drift currentl 43, 51, 69, 79, 127
drift layer, 238, 241-42, 245, 247,
252,279,301, 311
drift mobilities, 51, 53, 66, 79,
82-83, 127
drift velocity, 62, 66, 127,130, 132,
296

driving power, 12, 157-58, 213,
241, 244,279

DSA-MOSFET, see diffusion
self-alignment metal-oxide-
semiconductor field-effect
transistor

dual-in-line intelligent power
module (DIPIPM), 13,191,
208, 226-27, 255-56

dynamic withstanding voltage, 44

EB, see electron beam
Einstein’s relation, 79, 127
electrical isolation, 191, 194, 198
electric charges, 29, 35, 42, 52, 64,
69, 73-74, 85, 145
electric field, 33, 35, 39, 42, 44-53,
73-74,90,110-11, 127-28,
130-32, 134, 166-68, 282,
297,311
electric vehicle intelligent power
module (EV-IPM), 235
electric vehicles, 235
electrodes, 3, 41, 53, 60, 74-75,
78-80, 82,99, 102, 124-25,
138-40, 168, 193-94, 196-97,
311
electromagnetic interference
(EMI), 63, 71, 85, 223-24,
252,287
electron beam (EB), 66, 86, 91,
101, 147
electrons, 33-35, 39-41, 46,53, 62,
79, 86, 88,91, 159, 164, 238,
241, 247,302-3
covalent, 34
covalent bond, 35
outermost shell, 35-37
secondary, 45
unpaired, 35
EMI, see electromagnetic
interference



emitter; 113-14,117-18, 121, 123,
125-29, 145-49, 152-57,
159-61, 165-68, 171-72, 174,
238, 240, 242, 284-86

energy, 1,5, 21, 25, 36-37, 40-41,
44,91,179, 181, 200, 247,
260, 262, 264

energy gap, 36,46,77,97,100, 103

energy saving, 10, 14, 181-82, 185,
209, 277,300, 312

epitaxial, 62, 116-19, 124, 145,
148-49

epoxy resin, 189, 197, 226

EPROM, see erasable
programmable read-only
memory

equivalent series inductance (ESI),
262

erasable programmable read-only
memory (EPROM), 220

ESI, see equivalent series
inductance

etching, 114, 137-38

EV-IPM, see electric vehicle
intelligent power module

failure, 198-99, 202-3, 214, 248,
265

fatigue, 195, 200-201, 203

fault output (FO), 231-32

faults, 32, 106, 231-32, 302

FEA, see finite element analysis

Fermi energy, 40

Fermi level, 40-41, 96

FET, see field-effect transistor

field-effect transistor (FET), 18,
279

field stop insulated gate bipolar
transistor (FS-IGBT), 148,
150-51,172

figure of merit (FOM), 217, 227,
286,297,301

finite element analysis (FEA), 200
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FO, see fault output
FOM, see figure of merit
force
counter electromotive, 58,
68-69, 136
induced electromagnetic, 22
reverse electromotive, 120
forward voltage, 62, 65, 74, 287,
293, 302-3, 306
free electron density, 38, 42, 44, 56,
68,72,75-79,89,96,98,101,
130-31, 163, 165
free electrons, 29, 35-42, 44-47,
51-52,56-57, 64-70, 73-83,
87-90, 94-99, 101-2, 126-30,
132,161-64,167-68,178-79
freewheeling, 251-52, 286, 301
freewheeling diode (FWD), 9, 58,
62, 64-66,83-84, 142,174,
196, 224, 229249-52, 267,
270-72,287,292-93, 308
frequency, 15, 18-21, 198-99, 243,
261-62,267
audio, 114
carrier, 270, 299, 308
cut-off, 19-20
high, 277, 286, 299
high oscillating, 18
radio, 114
sinusoidal output, 269
variable voltage variable, 268
FS-1GBT, see field stop insulated
gate bipolar transistor
functions, 15, 38, 106, 185, 188,
194, 211, 219-21, 223, 229,
276,286,314
coded-error-type FO, 231
data storing, 220
diagnostic, 215
exponential, 53
freewheeling, 307
high-frequency-amplification,
19
integrated, 187



328

Index

intelligent peripheral circuit, 6
internal overtemperature
protection, 223

inverter power conversion, 209

self-protection, 188

typical circuit, 259

unique signal transmission, 220
FWD, see freewheeling diode

Ga, 03, see gallium oxide

GaAs, see gallium arsenide

gallium arsenide (GaAs), 16, 28, 34

gallium nitride (GaN), 16, 34, 273,
275,296-97,314-15

GaN, see gallium nitride

gallium oxide (Ga;03), 275, 296,
314-15

gate charge, 215, 225, 241-44, 283

gate circuit, 108, 215, 242-44, 255,
259-60

gate commutated turn-off thyristor
(GCT), 11, 13, 28, 31, 54,
57-58,83,108-12,156-57,
167-68

gate controllability, 15, 22, 30, 214

gate drive, 111, 152,175, 222, 224,
231, 248, 251-55

gate drive circuit, 31, 109, 157,
188, 241-42, 244, 256, 259

gate turn-off thyristor (GTO), 7-8,
10-14, 27-28,30-32, 54, 57,
83,107-9,111-12,120, 148,
150, 152,157,167

gate voltage, 22, 52,152,169, 177,
180, 215, 238, 240, 243-44,
258

GCT, see gate commutated turn-off
thyristor

germanium, 2, 4-5, 33, 46, 60-61,
95,103,113-14

glow discharge, 46

gold diffusion, 84, 86,91, 97

ground loops, 248, 253-54

GTO, see gate turn-off thyristor

hard switching, 26, 83, 283, 307

HBT, see heterojunction bipolar
transistor

heat dissipation, 9, 186, 189,
192-95, 223

heat sink, 10, 151, 192-93, 208,
265,271-72

HEMT, see high-electron-mobility
transistor

heterojunction bipolar transistor
(HBT), 16

heterostructure field-effect
transistor (HFET), 28, 32, 52,
59, 301

HEV-IPM, see hybrid electric
vehicle intelligent power
module

HFET, see heterostructure
field-effect transistor

high-conductivity insulated gate
transistor (HiGT), 148-49,
152, 154-56

high-electron-mobility transistor
(HEMT), 17-18, 28, 59

high-frequency MOSFET, 139

high-power Darlington-type npn
bipolar transistor chip, 182

high-power IGBT circuits, 263

high-speed diode, 62, 68, 70, 80,
83-86,99, 142

high voltage, 8, 11, 30, 32, 43,
45-46,57-58, 61, 64, 83,
116-17,119-20, 134, 143,
145-46

high-voltage BJT, 56, 83, 115, 122

high-voltage devices, 44, 50, 72,
103,122

high-voltage diodes, 53, 61, 63-64,
66,150, 287-88, 291



high-voltage integrated circuit
(HVIC), 188, 209, 217,
219-20, 226

high-voltage intelligent power
module (HV-IPM), 13, 235

high-voltage large-current device,
112

high-voltage operation, 32, 122,
129,133-34, 168

high-voltage transistor, 8, 116-18

HiGT, see high-conductivity
insulated gate transistor

hole density, 38, 40, 42, 68, 72-73,
75-80, 98,101, 111, 165

holes, 33, 35-42, 44, 51-54, 64-70,
73-83,86-90, 94-99, 101-2,
109-10, 112, 126-27, 132-34,
161-64,167-68

HVIC, see high-voltage integrated
circuit

HV-IPM, see high-voltage
intelligent power module

hybrid electric vehicle intelligent
power module (HEV-IPM),
235

ICs, see integrated circuits
IEC, see International
Electrotechnical Commission
IEGT, see injection-enhanced
insulated gate transistor
IGBT, see insulated gate bipolar
transistor
first-generation, 283
high-speed, 174
high-voltage, 111, 150, 154, 220
high-voltage/high-current, 287
n-channel-type, 21, 237
non-latch-up, 284
off-to-on, 252
reverse blocking, 148, 293
soft-punch-through, 151
switching, 269-70
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trenched-gated, 284
uniform, 176
IGBT chip, 146, 151, 158,171,177,
194,212,221, 233-34, 245,
259, 273, 283, 285
IGBT devices, 215, 217, 237, 248,
275, 299
IGBT modules, 10-11, 146,
185-88, 191, 196, 211,
217-18, 221, 236, 245,
253-55,258-61, 265-66, 274,
305
IGBT structure, 144, 152, 165, 170,
175,213-14, 248, 285
IGR, see insulated gate rectifier
impact ionization, 44-46, 130, 132,
167-68,179
impedance, 18, 31, 109, 111, 241,
244, 251, 254-55, 258, 260,
288,309
impurities, 38-43, 46-47, 49, 52,
61-62,77-78, 85-86, 96, 98,
113-17,121,125,127-28,
141, 143
inductance, 30, 58, 191, 193, 246,
250, 254, 257, 261, 264-65
internal, 262, 264
lump, 249
lumped bus, 251
parasitic bus, 245, 249, 260,
263-64
inductive load, 21, 23, 25, 58, 245,
249, 251, 303-4, 306
infrared microscopy, 200
injection-enhanced insulated gate
transistor (IEGT), 148-49,
151-54, 156, 165, 285-86
inner potential, 41-42, 74, 77
insulated gate bipolar transistor
(IGBT), 11-13, 30-32, 56-60,
67-71,144-71,153, 155, 157,
159,161, 163,165,167, 169,
171,,173-79,211-19,
223-25,240-42, 244-49,
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257-60, 262-67, 269-72,
274-75, 283-86
insulated gate rectifier (IGR), 10,
145,158
insulated gate transistor, 145, 148,
240
integrated circuits (ICs), 5, 8, 16,
32,49, 136, 140, 158,178,
209, 215, 217
intelligent functionality, 208, 223
intelligent functions, 189, 191
intelligent power module (IPM), 6,
11-13,181,184-89, 191,
208-9,211-13,215-27, 229,
231-33,235-36, 273-76, 284,
308,312-14
International Electrotechnical
Commission (IEC), 196, 205
intrinsic carrier density, 38, 44, 46,
72
inverter, 9-12, 25-26, 62-63,
120-22,124-25, 142, 158,
184, 187-88, 208-9, 255,
268-70, 293,308, 314-15
general-purpose, 9-10, 54, 83
low-power, 256
three-phase, 253-55
inverter bridge, 220, 236, 266, 268,
301
IPM, see intelligent power module
IPM series, 231-32
advanced, 229
fifth-generation, 223, 225
first-generation, 225
latest fifth-generation, 224
i-region, 41, 46-47, 65, 76-77, 79,
81, 82,88-90, 93, 95,97-99,
105,117,126-27, 141, 159,
168
irradiation, 44, 66, 86,91, 100, 293
irregular pin diode, 78

JBS, see junction barrier Schottky

JFET, see junction field-effect
transistor

junction, 62, 74-77, 79, 82, 90,
101-2,114, 116,168,171,
238, 241,271,276, 281

junction barrier Schottky (JBS), 62

junction field-effect transistor
(JFET), 16, 32,52, 59, 279,
298,301-2

junction temperature, 50, 198,
201-2,267-68,271-72

kinetic theory, 87

latch-up, 146-47, 158, 168-70,
214, 245, 248

lateral MOSFET (L-MOSFET), 144

law of mass action, 38, 73, 78-79,
90, 94

leakage, 22, 43-45, 50, 63-64, 67,
84,86,91,97,99-103,171,
193, 264

leakage current, 91, 99-100, 105

leakage inductance, 248, 256-57,
261, 263

life endurance, 197, 200

life period, 197, 200-201

lifetime, 44, 68, 84-87, 90-92,
97-101, 103, 155,174,177,
197,200, 242, 247,301

lifetime control, 66, 84, 86-87,
90-92,96, 112, 145-48,
150-51, 155,166,171, 288,
293

L-load, 30, 55, 83,110, 120-22,
143,170,174-75,177-79

L-MOSFET, see lateral MOSFET

load, 3, 25-26, 55, 57-58, 64, 174,
188, 225, 239, 242, 249-51

long-term reliability, 11, 50, 116,
122,143,148, 157

loop inductance, 253-55, 262-64



losses, 63,107, 184, 263, 265-69,
283,304
electric, 107
gate driver’s, 111
high-frequency, 195
low, 63, 299
low DC, 308
switching transient-state, 192
total operation, 299
low-voltage application-specific
integrated circuits (LVICs),
217
low-voltage ASICs, 191, 215, 219
LVICs, see low-voltage
application-specific integrated
circuits

magnetic flux, 256-57

measuring circuit, 67

mercury rectifier, 3-4, 29, 46,
60-61

merged pin Schottky (MPS), 62-63,
84

MESFET, see metal-semiconductor
field-effect transistor

metal-oxide semiconductor (MOS),
13,137,161-62, 184, 247,
274,278, 284

metal-oxide-semiconductor
field-effect transistor
(MOSFET), 14, 19-20, 27-28,
30,32,56-57,59,136-37,
139-46, 141, 143, 157-59,
164, 186-87, 237-43,274-76,
298

metal-semiconductor field-effect
transistor (MESFET), 16

metal-semiconductor rectifier, 60,
62

minority carriers, 238, 240-42,
245, 247-48, 252, 288, 303

MMIC, see monolithic microwave
integrated circuit
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monolithic microwave integrated
circuit (MMIC), 16
MOS, see metal-oxide
semiconductor
MOSFET, see
metal-oxide-semiconductor
field-effect transistor
normal, 141
planar, 298
unipolar, 302
MOS gates, 13-14, 137-39, 157,
186, 217, 220, 274, 283, 297
MPS, see merged pin Schottky

n-region, 39, 41-43, 46-47, 49,
52-53,61-62, 65, 68, 70-77,
79-82, 85, 89,95-97,101-3,
107,117,137, 141, 149, 151,
154,156,157, 159, 162, 165,
168, 240-41, 282, 292

n~-region, 130, 135, 150, 153

n*-region, 39, 41-42, 48-49, 72,
81, 83,126, 146,161-62, 164

n-buffer, 145-46, 148, 150, 156,
164, 166, 286, 292

n-channel, 238-39, 241-44, 302

negative biasing, 255, 259

Newell, Dr. W.E,, 5-7,10-11, 120

noise, 17-18, 63, 223-25, 231, 248,
255-57,263, 287,301, 305

non-punch-through (NPT),
145-46, 148-50, 155-56, 160,
164,166,175

non-punch-through insulated gate
bipolar transistor (NPT-IGBT),
148, 150, 155-56, 164, 166,
175

NPT, see non-punch-through

NPT-IGBT, see non-punch-through
insulated gate bipolar
transistor

n-region, 41-43, 46-47, 52-53,
61-62,72-77,79-82, 89,
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95-97,101-3, 141, 149, 154,
156-57,159, 168

n-type semiconductors, 36-38, 64,
114,238

off-/on-state, 65

off-operation, 143, 159, 170,
177-78

off-state, 22, 28-29, 151, 214, 239,
259-60, 287

Ohm’s law, 43, 51, 237

on-chip, 221, 223-24, 229, 233,
310

on-off operation, 25, 192

on-operation, 30, 46, 70, 85,
97-101, 127,143,159, 162,
166-68, 174

on-resistance, 52, 142, 239,
274-75, 279-80, 282, 284,
297-98,302,308-9,311-12

on-state, 21-22, 28-29, 31-32,
67-69,71,153,156-57, 159,
215-17,237, 239, 266, 279,
286-87,302-6

on-voltage, 4, 12, 30, 61-66, 68,
84-86,99,111, 138-41,
145-47,150-58, 166, 303

orbital, 34-36, 41

oscillations, 62, 71-72, 242, 244,
252,257,263-64, 288

OT, see overtemperature

overcurrent, 5,12, 215, 221,
255

overtemperature (OT), 188,
221, 223-24,232-33,
235,310

overvoltage, 260-61

pt-region, 49, 72, 83, 115, 125,
288, 291

pair generation, 36, 44, 51, 99-100

parallel IGBTs, 178

parasitic, 20, 23, 65, 122, 136,
142-43,146, 211, 214, 238,
245, 248-49, 251, 263

parasitic inductance, 242, 244,
249-50, 260, 264, 287

parasitic oscillations, 263-64

parasitic thyristor, 168, 213-14,
221, 245, 248, 284

partial pin diode, 146, 156-57,
159-65, 167

PCB, see printed-circuit board

p-collector, 85, 148, 150, 286

PET, see polyethylene terephthalate

photovoltaic (PV), 209, 312

physical properties, 195-96,
296-97,301-2

pin diode, 27-28, 46-48, 62,
64-72,74-75,78-81, 88-89,
92-95,99-101, 103-5,
125-28,141-43, 156-59, 167,
301

pin structure, 61-62, 112, 150

pip structure, 150, 168

planar structure, 11, 50, 63, 115,
117

pnp transistor, 105, 109, 113,
144-45, 158-59, 247, 284

Poisson equation, 87, 130, 134

polarity, 49, 136, 178, 199, 238,
250

polyethylene terephthalate (PET),
262

power amplification, 15, 17-18, 20,
279

power chips, 185-86, 191-93, 197,
199,201-3, 208, 217, 223,
226,229,233,265,271

power circuit, 187, 248-50, 253,
255,260, 263-65

power conversion, 1, 6, 11-12, 14,
21-23,224,276,278-79, 284,
286, 291, 293, 305, 307,
311-13

power cycling, 200-203, 226, 265



power density, 212, 219, 276-78,
302
power devices, 6-8, 10-11, 14-15,
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short-circuit, 157, 232, 310
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PT, see punch-through
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266-70, 308
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PWM, see pulse width modulation

quantum mechanics, 32, 34, 40
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insulated gate bipolar
transistor

reduced field of cathode (RFC), 291

reverse-blocking insulated gate
bipolar transistor (RB-IGBT),
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reverse-conducting insulated gate
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291-93

R&D, 226, 276, 284-85, 297-98,
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recombination velocity, 87-90,
96-97, 104

recovery, 59, 63-65, 67, 69-72, 84,
86,90-91, 142, 251-52, 259,
270, 288, 291, 301

fast switching, 293
forward, 65-66
hard, 70-71, 268
large, 71

snappy, 251-52
soft, 71, 287-88
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sustained operation, 176

switching circuit, 24, 65, 174, 242
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267-68, 270, 286, 304, 306,
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The growth of power electronics, centering on inverters and converters as its key system topology,
has recently accelerated due to the demand for efficient power conversion. This growth has also
been backed by several evolutionary changes and breakthroughs achieved in the areas of power
semiconductor device physics, process technology, and design. However, power semiconductor
technology remains a highly specialized subject, and the literature on further research,
development, and design in related fields is inadequate. With this in view, two specialists in power
semiconductors, well known for their research and contributions to the field, compiled this book
as a review volume focusing on power chip and module technologies. The prime purpose is to
help researchers, academia, and engineers, engaged in areas related to power devices and power
electronics, better understand the evolutionary growth of major power device components and
their operating principles, design aspects, application features, and trends.

The book covers unique topics related to power semiconductors, including tips on state-of-the-
art and futuristic-oriented applications. Numerous figures are included to adequately support the
content and to make the book extremely attractive as a practical and user-friendly reference for
researchers, technologists, and engineers, as well as a textbook for advanced graduate-level and
postgraduate students.
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