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Accumulation, 19, 216, 221 Channel

Active region, 9

Admittance
gate-to-bulk, 68, 274
gate-to-source, 68, 270, 274
gate-to-drain, 68, 270, 274
bulk-to-drain, 68, 270
bulk-to-source, 68, 270
substrate, 255
correlation, 263, 261, 265

Band gap, 112

extrapolated, 113

widening, 156, 133, 157, 158, 160, 161
Bode theorem, 106107, 92, 274n
Boltzmann constant, 10, 87

Capacitance
gate oxide, 17, 214
silicon, 18, 19, 224
gate, 13, 18, 19, 30, 73, 233
depletion, 19, 30
intrinsic, 70, 72, 73, 75, 233
overlap, 214, 220, 221, 222, 223, 232, 233
junction, 54, 214, 224-226, 232, 244, 249, 288
fringing-field, 220, 221, 222, 233,
bottom-wall, 220, 226
side-wall, 226
Capacitor
overlap, 10, 66, 77
Carrier
fluctuations, 96, 100
heating, 167, 205-209, 211, 285
Cascode configuration, 226

buried, 143, 144, 145

homogeneous, 47-49

length, 46, 53, 54, 60, 164167, 176, 186-188,
198, 208, 232, 285

length modulation, 33, 48, 50, 52-54, 167,
186-188, 208

narrow, 50

residual current, 45

voltage, 34, 38, 43, 49, 52,78, 83, 116

width, 34, 46, 60, 164, 218

gradual, 13, 14, 16, 167, 187, 189

conductance, 86, 89, 90, 199, 201

region, 14, 51, 81, 198, 218, 219, 222, 223, 231

Channel length modulation, 48, 50, 52-54, 167,

186-188, 208

Charge

elementary, 10, 189, 227

fixed, 10, 11, 15-17, 150, 151, 155, 187

inversion, 4, 10, 11, 20, 21, 24, 30, 65, 87, 96,
143, 146, 171-176, 206, 211

total, 11, 13,17, 21, 27, 144

concentration, 13, 14, 33, 187

depletion, 11, 12, 15, 17, 21, 23, 26, 30, 47, 49,
97, 134, 138, 157, 224

specific, 13, 24, 32, 117, 133, 154, 161

Charge density, 11

depletion, 11, 12, 15, 17, 19, 21, 26, 30, 47, 97,
134, 138, 157,224

in silicon, 23, 27, 189

inversion, 20, 21, 25, 30, 65, 87, 96, 143, 148,
172-176, 192, 211

specific, 13,24, 32, 117, 133, 154, 159, 161

fixed, 11, 17, 150, 151, 155, 187
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Charge sheet approximation, 13, 20, 21, 23, 33,
158
Charge-potential linearization, 23-32
Common-source amplifier, 233, 261, 282,
286-288
Concentration
hole, 14
intrinsic carrier, 14, 112, 113
electron, 14, 20, 158, 187
doping, 14, 47, 51, 60, 114, 138, 142, 147, 149,
159, 160, 223
Concentric transistor, 54
Conductance
drain-to-source, 60, 89
specific, 57, 119, 154, 219
Critical field, 91, 167-169, 171, 180
Current
drain, 10, 33, 168, 171-174, 179, 182, 184,
191, 194, 203, 217, 225, 274, 282
forward, 35, 48, 56, 63, 133, 163, 164
gate leakage, 106, 133, 161-166, 223
reverse, 35, 37, 39, 42, 56, 58, 62, 133,
135-137, 224
specific, 37, 40, 52, 65, 118, 154, 161
drift, 10, 33, 34
diffusion, 10, 33, 34, 49, 54, 89, 166, 171, 172,
213, 215, 223, 246
tunneling, 220, 227
generation, 223, 224
gain, 83, 232, 233, 234, 237

Debye length, 15
Depletion
thickness, 19, 189
capacitance, 17, 19, 30
Dielectric constant of silicon, 14
Differential pair, 122, 129
Diffusivity, 202
Doping
concentration, 7, 9, 13, 14, 16, 47, 51, 60, 114,
118, 138, 142-147, 159, 223
ratio, 141, 143, 145-148
Drain, 3,4,7,9, 10
induced barrier lowering (DIBL), 167,
189-197
voltage, 3, 7, 10, 207, 208, 210
Drain current, 10, 11, 25, 33, 4046, 55, 60,
65, 83, 85, 88, 100-104, 127, 133, 154,
171
alternative models of, 36, 43, 45, 194
general expression, 37, 42, 46, 55, 59
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in strong inversion, 13, 18, 19, 31, 41, 52, 58,
63,75, 95, 102

in weak inversion, 17, 26, 36, 43, 52, 64, 74,
89, 105, 118

Ebers-Moll model, 3, 46
Einstein relation, 202
Electric field
longitudinal, 33, 205
effective, 134, 156, 171, 186
vertical, 15, 134, 135
Energy band gap of silicon, 112
Equilibirum, 10
Extrinsic
part, 9, 131, 213, 222, 231, 257
noise sources, 227, 228

Fast surface state, 11
Figure of merit, 64, 90, 105, 232, 236-238
Flat-band condition, 17, 114, 150, 221
Flicker noise, 81, 86, 96-106, 226, 227
corner frequency, 96
Fluctuations
mobility, 96, 101, 104-106
carrier, 96
resistance, 103
of width, 126
of length, 126

Gate
capacitance, 13, 18-20
doping, 114, 115
leakage current, 133, 161, 163, 223
modulation factor, 149
oxide capacitance, 17
overhead voltage, 41
Gate-drain noise correlation factor, 278
Gauss’ law, 16, 17, 134, 186, 189
Geometrical effects, 53, 54
Grading coefficient, 225
Gradual channel approximation, 14, 16, 17, 167,
187, 189

Harmonic distortion, 216
High injection, 223
Hooge
model, 101, 102
parameter, 101, 105

Impedance field method, 83
Induced gate noise, 83, 262, 273, 281, 282
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Induced substrate noise, 271
Intrinsic
part, 9, 10, 66, 77, 81, 213
capacitances, 73-74, 249, 275
channel time constant, 65, 275
nodes, 216
Inversion charge density
in weak inversion, 26
in strong inversion, 26
at the drain, 38, 78
at the source, 38
Inversion coefficient (or factor), 40-44, 53

Langevin, 83

method, 82, 83

noise source, 83
Lateral bipolar transistor, 12
Linear mode, 36, 40, 42, 52, 59
Low-noise amplifiers, 218, 257

Matching, 120-129
Maximum available gain, 236
Maximum frequency of oscillation, 236
Microscopic noise source, 84
Minimum noise figure, 231, 238, 239, 261, 266,
287
Mismatch, 111, 120, 122, 123, 129
of drain current, 122, 127
of gate voltage, 122, 124
systematic, 124
random, 125-128
Mobility, 33
effective, 168—-171
fluctuations, 101, 106
nonuniform, 138
reduction due to the vertical field, 133, 205, 209
temperature variation, 113-115
low field, 133
field dependent, 133, 172, 203
differential, 168, 200, 202
cord, 168, 203-206
Mode of operation
linear, 36, 42
triode, 36
nonsaturation, 36
weak inversion, 36
strong inversion, 36
subthreshold, 37, 43
blocked, 37
bipolar, 37
Moderate inversion, 37, 41, 64, 102, 105
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Noise
factor, 238, 265
figure, 238
matching, 238, 267, 285
parameters, 91, 261, 285, 286, 290
Nonquasi-static
small-signal circuit, 67, 82, 93, 94, 229, 249
operation, 65, 249, 257
large-signal operation, 77-79, 249
Normalization
frequency, 68, 70, 72
bias, 70, 72
Normalized
drain current, 37, 88, 154, 194
inversion charge density, 24, 38, 65
inversion charge density at the drain, 38, 57,
173
inversion charge density at the source, 38, 57,
173
voltages, 24, 41
pinch-off voltage, 24, 43, 67, 73, 135, 156
forward current, 37, 63
reverse current, 37, 135-137
intrinsic capacitances, 73, 74
transconductances, 57, 181, 182
transcapacitances, 75, 76
Nyquist theorem, 106-107, 274

Operating point, 56, 68, 81, 90, 168
Optimum source admittance, 261, 267
Overlap region, 216, 221, 223
Oxide

charge in, 11

field, 11

thickness, 9, 10

gate, 9

Physical parameters, 111, 112, 115, 120
spatial fluctuations of, 120
statistical fluctuations, 125

Pinch-off
potential, 22, 25, 145, 147, 159
voltage, 25, 209-211

Poisson
distribution, 128
equation, 14, 51

Potential
barrier, 51, 89, 190, 194
electrostatic, 11, 49, 50
surface, 11, 14, 17, 52, 97
extraction, 11, 114, 115
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Potential (Cont.)
Fermi, 14, 34, 113, 114
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Strong inversion, 17, 232-234, 239, 252
charge approximation, 20, 21, 27, 155

pinch-off, 22, 25, 145, 147, 159
Power spectral density (PSD), 81

of drain current, 87
Pseudo-resistor, 33, 49, 165

current approximation, 41, 194
Substrate modulation factor, 21, 116, 140, 159
Substrate network, 214, 242-247, 249
Subthreshold mode, 37
Surface

electric field, 11, 47, 49, 144

potential, 11, 17, 21, 23, 38, 52, 189
Symmetry, 46, 68

source and drain, 9, 56

Quad configuations, 125
Quasi-Fermi potential, 10, 14, 34
Quasi-static
frequency, 65, 66, 275
time constant, 65, 75, 92, 275
small-signal circuit, 76, 92, 249 Temperature
absolute, 10, 87, 112
effects on transistor, 111-120
noise, 202
carrier, 202
lattice, 203, 205
Temperature coefficient of
Fermi voltage, 114
extraction voltage, 115
threshold voltage, 117
inversion charge, 117, 120
specific current, 118
transconductances, 119
Thermal noise
conductance at the drain, 87, 203
excess factor, 89, 90-91, 93-95, 206-212
parameter, 81, 89, 90-92, 206-212
voltage variance, 95
short-channel, 197-212
Threshold
function, 13, 21, 22, 27, 29, 116, 138, 140, 142,

Random fluctuations
of carrier velocity, 81, 83
of carrier density, 81
Resistance
access, 213, 215, 216-219, 247
gate, 14, 213, 217, 247, 252
source, 213, 215, 287
drain, 102, 213, 215, 217, 226
substrate, 214, 226, 243-246
salicide, 215
via, 215, 218
contact, 215

Sample-and-hold, 92

Saturation
forward, 36, 40, 42, 54, 60, 70
reverse, 36, 53, 60, 70, 71

Saturation mode, 36, 40
forward, 36, 40, 42, 54, 60, 70

reverse, 36, 53, 60, 70, 71 150
Saturation voltage, 36, 42, 66, 173 voltage (at equilibrium), 28
Scattering Threshold function, 21

mechanisms, 96, 115, 134 Transadmittance

due to acoustic phonon, 115 drain, 6668

due to ionized impurities, 115 source, 6668
Short-channel effects, 48, 131, 167-212 gate, 6668
Silicon dioxide, 9, 161 Transcapacitances
Slope factor, 21, 23, 25, 162 gate, 75

charge, 153, 162 drain, 74

evaluation of, 29-31 source, 74

voltage, 152 Transconductance
Source-drain extension, 215 bulk, 288

drain, 56-60, 62, 136, 154

gate, 56, 197, 234, 288

source, 56, 60, 154, 183, 201, 234
effective, 216

intrinsic, 216

Space charge regions, 51

Spacer, 216, 220

Spatial correlation, 109, 125

Specific conductance, 57, 119, 154, 219
Step profile, 141-144, 148, 225
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Transconductance-to-current ratio, 62, 183
Transducer gain, 237
Transfer parameter, 34, 40, 118, 121
Transistor
bipolar, 12, 37, 45, 229
extrinsic part, 9, 131, 213, 214, 227, 231
intrinsic part, 9, 61, 66, 213, 214
schematic cross section, 10
symbols, 12
Transit frequency, 55, 66, 232, 233, 234, 235,
239, 268, 287
peak, 234
Transit time, 239, 240
total, 239
of intrinsic part, 239
of extrinsic part, 239
Trapping, 96, 98, 100
Tunneling, 98

Unilateral power gain, 236, 237
Unity gain transit frequency, 233

Velocity
Saturation, 86, 167, 168, 171, 177, 232, 235
saturation region, 186, 187
drift, 167, 168, 173
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Velocity-field models, 169-171
Voltage
channel length modulation, 60
drain, 10, 33, 35, 36, 38, 42, 56, 60, 170, 171
gain, 61, 64, 167, 197, 198
gate, 10, 17, 18, 23, 25, 27, 32, 35, 40, 50, 143,
150, 153
pinch-off, 3, 25, 32, 35, 36, 43, 135, 180, 211
intrinsic, 216
saturation, 37, 44
source, 10
thermodynamic, 10, 83
channel, 9, 14, 19, 23, 25, 26, 77, 83, 116
flat-band, 17, 49, 50, 52, 114, 221
band gap, 112
extrapolated band gap, 113
avalanche breakdown, 224

Weak inversion, 17, 18, 20, 26, 30, 36, 39
current approximation, 43-45

Well
perimeter, 226
area, 226

Y-parameters, 234, 237, 243, 249, 251, 252, 253,
255, 261, 263, 265, 273



JWBKO088-IND JWBKO088-Enz June 14, 2006 20:52 Char Count= 0

304



