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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

p+-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
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power density, 212, 219, 276–78,

302

power devices, 6–8, 10–11, 14–15,

21–23, 27–28, 32–33, 43,

45–47, 51, 53–55, 59–62,

136–37, 184–86, 275–78,

313–15

power electronics, 1, 5–7, 9, 12,

14–15, 21–23, 106, 181–82,

184–85, 211–13, 273, 275–77,

299, 301, 313–15

power handling, 1, 7, 211, 227,

235, 281

power losses, 21–23, 25, 139, 142,

214–15, 217, 219, 221, 225,

227, 266–67, 270, 272,

274–76, 308–9

power modules, 9, 11, 184–86,

188–89, 191–93, 197,

199–205, 207, 209, 219–20,

235–37, 262–63, 265, 271–73,

283

power MOSFET, 14–15, 32, 137,

143–44, 213, 237–40, 242–45,

275, 278–79, 281–83, 285,

293, 297, 301

advanced, 278

n-channel, 21

planar-gate, 244

trench-gate, 282

power semiconductor devices, 2–3,

5, 14, 235, 273, 299, 301

power semiconductors, 6, 16, 21,

23, 181, 208, 217, 273–74,

282, 295–97, 299

power switches, 21, 23, 25, 216,

293, 302

power transistors, 5, 7–8, 10, 120,

157, 216, 233

p-region, 41–42, 46–47, 50, 52, 62,

72–77, 79, 81–82, 101–3,

105–6, 125, 141, 147, 154–57,

159–63

printed-circuit board (PCB), 16,

229, 262, 265

protection, 6, 12, 147, 186, 189,

191, 193, 209, 214–15,

221–23, 231–35, 254, 262,

308–10

short-circuit, 157, 232, 310

protection circuitry, 211, 231, 275

PT, see punch-through

p-type regions, 79, 238, 311

pulse width modulation (PWM),

266–70, 308

punch-through (PT), 66, 93, 104,

145–46, 150–51, 155, 166,

174, 271–72, 285

PV, see photovoltaic

p-well, 138, 142–43, 146–47, 149,

154–56, 160, 164, 167, 175,

177–78, 242, 285, 311

PWM, see pulse width modulation

quantum mechanics, 32, 34, 40

radar microwave, 61

RB-IGBT, see reverse-blocking

insulated gate bipolar

transistor

RC, see resistor capacitor

RC-IGBT, see reverse-conducting

insulated gate bipolar

transistor

reduced field of cathode (RFC), 291

reverse-blocking insulated gate

bipolar transistor (RB-IGBT),

291, 294–95

reverse-conducting insulated gate

bipolar transistor (RC-IGBT),

291–93

R&D, 226, 276, 284–85, 297–98,

313, 315
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recombination, 35–36, 44, 51, 66,

80–81, 88–90, 92–99, 103,

105, 161, 247, 302

direct, 93–96, 98, 100, 103–4

linear, 95–96, 103–5

radiative, 93–94

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

recovery destruction, 59, 67,

71–72

reliability, 14, 115, 143, 186, 197,

204–5, 208, 217, 221, 223,

235, 271, 274, 301, 309

resistance, 20, 29, 32, 44, 51, 59,

86, 116, 126, 140, 164, 169,

191–92, 195, 239–41

resistivity, 46, 48–50, 54, 61,

64–65, 116–17

resistor, 59, 61, 64, 107, 129, 255,

264

resistor capacitor (RC), 254

Restriction of Hazardous

Substances (RoHS), 204

reverse recovery, 65–71, 83–85,

250–52, 283, 286–88, 292–93,

303–4, 306–7

reverse voltage, 29, 43, 46, 49, 141,

143, 288, 304

RFC, see reduced field of cathode

RMS, see root mean square

RoHS, see Restriction of Hazardous

Substances

root mean square (RMS), 156, 199

ruggedness, 211, 245, 302

safe operating area (SOA), 22, 30,

51, 54–57, 60, 135, 170, 175,

214–16, 221, 274, 284–85,

305

saturation voltage drop, 184, 270

SBD, see Schottky barrier diode

SC, see short circuit

Schottky, 28, 61–63

Schottky barrier diode (SBD), 27,

32, 52, 62–65, 86, 142–43,

299, 301

SCR, see silicon-controlled rectifier

SCSOA, see short-circuit safe

operating area

second breakdown, 7, 54–55,

57–59, 72, 120–21, 142, 179

selenium rectifier, 5, 60–61

semiconductor, 4, 6, 15–18, 29,

31–36, 38, 40–41, 43–44,

51–52, 62, 64, 78, 91, 93–94,

271

semiconductor devices, 1, 5, 21, 33,

36, 39, 41, 43, 45–47, 50, 55,

58, 60, 87, 98–99

first, 106

high-power switching, 106

high-voltage, 63

large-capacity, 72

main high-power, 54

silicon-based power, 278

unipolar, 52

SFD, see soft-and-fast-recovery

diode

Shockley–Read–Hall (SRH), 92,

99–100, 161, 166, 175

short circuit (SC), 12, 55–56, 215,

224, 232, 234

short-circuit condition, 55–57, 64,

83, 111, 121–22, 131–32,

135–36, 151, 166–67, 169,

171–73, 175, 214, 221

short-circuit safe operating area

(SCSOA), 215, 305–6
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SiC-based devices, 275–76, 296,

307, 314

SiC-IPM, 308, 310

SiC-MOSFET, 297–98, 302–5,

307–12

SiC-SBD, 303–5, 307, 310, 312

signal-to-noise ratio (S/N ratio),

17–18

Si-IGBT, 299, 303–5, 307–8, 310

silicon, 4, 6, 28–29, 36–38, 46, 50,

60–62, 64, 78–79, 181–82,

189, 271, 273–76, 296–97,

307–8

silicon-controlled rectifier (SCR), 1,

4, 12

silicon gel, 189, 195, 197, 225

sinusoidal, 268–70, 308

SJ, see superjunction

S/N ratio, see signal-to-noise ratio

snubber capacitor, 57, 107,

261–62, 264

snubber circuit, 26, 54, 107, 120,

260, 262, 264–65

snubbers, 10, 30, 57, 107–9,

120–21, 248, 260–61, 263–65

SOA, see safe operating area

soft-and-fast-recovery diode (SFD),

85

solder layer, 195, 200–202, 204,

271

source, 18, 20, 29, 44–45, 65, 113,

142–44, 153–54, 238, 240,

243, 246–47, 299–300, 311

space-charge, 283, 288

square SOA, double, 56, 175

SRH, see Shockley–Read–Hall

SRH-type recombination, 93,

95–100, 103–5

direct, 93–96, 98, 100, 103–4

linear, 95–96, 103–5

radiative, 93–94

static withstanding voltage, 44,

49–50

stray inductance, 10, 57–58, 67,

107–8, 139, 148, 174–75, 246,

254–55, 264

stresses, 57, 107, 119, 192,

200–202, 214, 264

cause-effect, 201

environmental, 189

hard short-circuit, 217, 274

longer-type periodic

temperature swinging, 202

mechanical, 191

power cycling, 193, 202

short-circuit, 214

thermal, 192–93

thermal fatigue, 203

stress strain, 202

superjunction (SJ), 140–41, 140,

274, 276, 278, 281–83

surge, 10, 70–71, 250, 256, 287

surge voltage, 71, 107, 216,

249–51, 260–61

sustained operation, 176

switching circuit, 24, 65, 174, 242

switching cycles, 240, 242–43, 283

switching devices, 58, 63, 140, 143,

282, 295

switching energy, 22, 214, 217,

267–68, 270, 286, 304, 306,

308

switching frequency, 65, 84, 238,

241, 244, 268, 270, 299

switching losses, 22, 26, 63, 70,

150, 215–16, 223–25, 261,

266–68, 270, 301, 305, 308

switching operation, 23, 25, 63,

119, 217, 223, 237, 241,

244–45, 261, 266, 274, 283,

299, 303

switching power supply, 62–63, 65,

120, 140

switching waveforms, 22, 24, 260,

266, 304
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thermal conductivity, 179, 191,

195, 204, 297

thermal cycling, 200–202, 226, 265

thermal design, 192, 265–67

thermal equilibrium, 38–42, 44,

73–74, 78–79, 94–95, 99–100,

102

thermal motion, 37–40, 44

thermal resistance, 172, 193, 203,

271–72

thermal runaway, 50, 59, 84, 142,

151, 172, 174, 203

threshold voltage, 241, 246, 259

thyristor, 4–7, 11–13, 27–28,

30–31, 50, 66–67, 83, 105–7,

109, 111–12, 120, 146–47,

167–70, 176, 178–81

thyristor Leonard system, 6

transient voltages, 249, 251, 260,

263–65

transistor module, 8–12, 28, 120,

122, 192

transistors, 2, 4, 7–11, 16, 18–21,

27–30, 54–55, 83, 112–20,

122, 129, 142–44, 182, 188,

305

trenched-gate cell, 279, 298, 311

trench-IGBT, 147, 151–53, 155–56,

159, 164, 180

trench-MOSFET, 138

triple diffusion, 118

U-MOSFET, 144

U-groove MOSFET, 144

UIS, see unclamped inductive

switching

unclamped inductive switching

(UIS), 143, 174, 178

undervoltage (UV), 224, 232

unipolar, 32, 52, 64, 80, 142,

274–76, 279, 282, 297, 299,

301–4, 307

UV, see undervoltage

vacuum tube, 3, 60, 112

valence band, 41, 96

variable voltage variable frequency

(VVVF), 268–69

VD-MOSFET, 237

vertical MOSFET (V-MOSFET),

144

vertically diffused metal-oxide

semiconductor (VMOS), 14

V-groove MOSFET, 137–38, 144

VMOS, see vertically diffused

metal-oxide semiconductor

V-MOSFET, see vertical MOSFET

voltage, 21–22, 25–26, 29–30,

44–45, 47–55, 57–59, 61–62,

64–65, 116–19, 121–22,

154–56, 237–44, 249–50,

252–54, 282–83

VVVF, see variable voltage variable

frequency

wafer, 52, 84–86, 111, 115–16,

118, 120, 141, 145–48,

150–51, 285, 292–93, 299

waveforms, 21, 25, 59, 67–68, 70,

108–10, 134, 136, 171,

175–78, 241–42, 244, 256,

261, 266–69

WBG, see wide bandgap

wide bandgap (WBG), 44, 64,

273, 275, 278, 296, 301,

313–14

wireless local area network

(WLAN), 18

WLAN, see wireless local area

network

Zener diodes, 251
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