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ABSTOL, 28
Aburt, 9%, 427, 429-430
AC analysis in SPICE, 19-20, 285
AC small-signal analysis, 280
Accumulation, 132-134, 136, 159, 514
Active area, R3-99
design rules, 99
Active-PT loop filter, 573-574
Active load, 657, 872
Active pixel sensor, 504-505
Adaptive biasing, 920-923
ADC, sec Analog-to-digital converter
Adder, 367-369, 373, 395, 407-410, 412, 419-421
Aliasing, see Analog-lo-digital converter
Ampliticr.
adaptive biasing, 920-923
biasing, 291-292, 207-302, 613, 621, 624-625,
635-652, 699, 863-860
body etfect 691-692, 709
cascode, 6B6-689, 696-697
class A, 672, 688, 691, 697, 701, 727
class AB, 672, 697-701, 709-710, 727-728, 800,
]02-805, 810, 814, 817, 819-820, R65, BT8R
common gate, 671, 689-690. TU8-709, 732, 783
common source, 657-638, 666-6A7, §71-673,
698-699, 717, 751, 756, T73-774, 793, 800,
814, B20-523
current source load, 657, 665, 671-674, 686,
689-691, 698-699, 704, 719, 731-733, 774, 876
distortion, 701, 704-708, 710, 737-740, 790,
&O7, 831
cfticiency, 699-702
frequency response, 661-666, 674-685, 687,
606-697. 708, 72
painm. 279, 291, 657-673, 686-692, T19-720
input capacitance, 693
noise, 219-262, 669-670, 686, 68K, 694
noise figure, 233-240
overshoot, 811, 895, 936
phase response, 662-665, 675-688
pole splitting, 676-683
push-pull, 698-703
sfew rate, 672-673
source follower, 670, 690-698
wransimpedance, 666-667

Analog-to-digital converter, 931, 947-957,
983-1015
0.5 LSB, 943
aliasing. 953-953, 1008
aperture error, 956-957
architectures, $83-1016
binary search, 1003-1005
charge redisiribution, 1003-1007
coarse conversion, 991
DFET, see discrete Fourier mansform
differences of oversampling and Nyquist rate
converters, 1008-1009
differential nonlincarity (DNL}, 950-951,
989-990, 998, 1007
discrete Fourier transforim (DFT}), 218, 956
fine conversion, 321
flash, 985-990
flash accuracy issues, 988-990
folding frequency, 955
gaim error, 553, 992-994
higher-order sigma-delta modulation, 1014
integral nonlinearity (INL), 9531-952, 989,
097-995, 1007
least significant bit (LSB), 940
misstng codes, 951
noise shaping, 1011-1012
Nyquist rate, 1007
offset, 953, 989-990, 996-098, 1007
operational amplifier issucs, 992-554
oversampling, 1007-1015
parallel. fecd-forward, 990
pipeline, 994-998
pipeline accuracy issues, 996-998
pulse-density modulation, 1009
quantization error, 948-949
quantization levels, 947-949
quantization noise, 956
residuc, 994
resolution versus oversampling, 1014-1015
sampling function, 954-935
SAR, LO03-1003
scale tactor error, 953
sigma-deta modulation, 1009
signal-to-noise ratio (SNE}. 956
specifications, 947
sucecssive approximation, 1003-1007
successive approximation accuracy issues, 1007
successive approximation register, sce SAR.
1003-1005
transfer cutve, S48-933, 987, 994
two-step, 990-992
two-stop accuracy issucs, 992
Analog models, 26%-310
body effect transconductance, 287-288
transconductances, 279-280, 288
Amnalog signal characteristics of, 932
Anigotropic etch, 171
Anode. 43, 757, 760
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AOT logic, 364-369
Aperove crror, s survipla-and- hold
Arbier, 333
Aoy, 240
Avalanche breakdowi, 133, 233-254
ERIRTEYY
3 46

therraal i), 244-241
Avepaging clioni, S39-540, 573-874

Buftors Ieentinusd),
Ri $44-345
Tl difterential vopur, ¥2u
mpud, $34-342
SO only, 350
op-ampy TR0 5 BTN, S0G-90]
somree follower, 636-68R

Bulk M pacess. 31, 150

lay1s, GE, TOH1-105, 321, ':s“l 412419, 42

B

i (lransconductance parameter), 142

Tack eod of the line (3EOL), 90, 177, 199-20%
Backend processes. 208-211

Bandeap coergy of silicon. 759

Bandeap ape refercnc 745, Tot-
Bau 47, 68, 730

LDy, see hinary coiled decimal

Bl sz back end of the fine

Beta-rmltiplicr reference, 624-630, 647, 650,
75754
SOmporrsarion, i

Biasing,
general b ciuroe] analog design, 291-2080
menwtal #hort channe] design, 297-300
high-speed design, 259-302, 8n3-RO6
lomg-charmel cirewt, &
Twshi-puelt anaplidier. 9%
sht-channel ciroui, G50

Binacy ceded decimal, 963

Hi-phuse. S84-585

Ripokar mnedion ranstslor (BT, 47, 156
lateral, 7

iETE L0786, 341.342 THT-TRY
resistor m SHANM. 464
rzinporanes behavior, 7
warlical,
Jhird s beak
B0, o bipalar junction ransist
Thoals, 35
LM, nee belp-muluplicr refeecnes
Hady ellocn, 139 145-149 276277, a9 1-682, 709
panmeay, 1389 270
By iranseonduetance.
thonding pad, 4, 30
layont, 38-62, 14)-102
Botiomt plate capacitange, 1135, $39-540
Botioin phate sampling, §39-842
Tireakdown
drode mude! in SPLCE, 332

TRY

T-IRN

oxiidi, 134

wisliag R, 143
BEIMY, 154-157
Buifers,

class AB culpul. $720 69711 TI0-FT0,
TRTTAR, 00 m02- &”)",“‘1(" K14 817
RIW-R20), 865, K7 1, hi-90j

C

L T, 123-124
Calmg siream firmat. ses @
Caltech mrermedne formal, oo CIF, 30
Capaciiance, 44,1715
lsricyn plate capacitunce, 11
Bentoum and sidsaall, 117
depletiom, 43-45 47 —1‘-' SR LR, 11712

5. §39-340

123,747, 244, 315, _1—12-)-1-.3_. GWE ATE Ad,
Gl R, B4d
Aitfusion, 4547 |7

fungtion, see Jepletion
meial Layer pargsines, Al
MUOSEETs [Lo-1 18, 152-133
sidegeall, 4243 117
Capacilive lesdihrongh, 4%, $31-832
Clapaetlor
catmpoi-cenierd layous, 930
depletion, 43
poaly-praly, 113115
oo, 1131 [\ E3)-HE2
s, 6Bl L
feinp cox, DD
waliase coctficiont, Lo
Clamrier tetime, £, 300 dinde, minacity camer

lifetine
Carrier frimsit tine, 7, woe diede, muperty carmer
Wlatiine
(ascody,
ampplifics, 6P0-H89, 690047
CUPTETL LT, 67’!1-{:“&
renial amplifier, 733733, TU3-794,
%91

‘ t’a\r) "‘1 '4 135
Chianmel hot cleciron (CHED 465469
Channel-lengrh mesduloion (LN, 143-147, 275

e m\|eclu.-11. 83

Chigg e, 329, 401 342-546. 55
STR-FRD, 5?}1-.‘ 23, 600, A3

AL, see channel kot eleciron

Chemnealimechantcad solishing {(CMP)L 163, 170
170 182, 185, 187, 201-26G7, 211
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Chemical vapor deposition (CVD), 176-177, 178,
182, T84-185 187,190, 193, 196, 199, 201-207
Chip. 3, 32, 36
cross-sectiopal view, 4, 32
design. 1
I design flowchart, 2
packaging, 4. 211
layoul view, 4, 32
orgamizaion, 447
CIF, 36, 53,78
Class AB, 672, 697-701, 709-710, 727.728, BO0,
B02-805, R0 814, 817, B19-820, 865, 878
CLM, see Channel length modulation
Clock feedthrough, 449, 456, 830, 832-834,
B3R-840, RA0, 863,937
Clock gencration, 377
nonoverlapping, 401-402, 843, 850, 833-556,
874, 896
Clock recovery gireuit, 351-552, 584, SRE-3R0,
391, 602-607, 608, 611
selt-correcting, S88-394
Clock synchronization, 383, 551, 591, 396
Clocked logic, 397, 403-408
MOS8, |
active pixel sensor, S04-3035
1C design process, 1-2
passive elements, 105
process flow, 91
progess integration, 161
sualing, 54, 132
trends, 152
twin-tub. 31
wnit processes, 161
CHIOS fubrication. 161-212
APCYVD LTS
Pack end of the line (BREOL) 90, 177-1 74,
199-208
backend processes, 208-211
BEGL, see back end of the line
boule, 163
burn-in, 208, 211
chemicalimechanical polishing (CMP), 163,
170, 173, 182, I8s, 187, 201-207, 211
chermical vapor deposition (CVDY), 176-177,
179, 182, 184-185, 187, 1940, 193, 196, 194,
200-207
critical dimension (C13), 179
contact module. 202-203
contammates, 174 208
Ceochralski (CZy growth, 162-163
degree of anisotropy, 170-171
deposilion, 90, 161, 173-177, 179, 191192,
196, 200-208, 210-211
depth of focus {DOF), 168-16%, 201, 205
die seperation, 3, 211
ditfracuon eflects, 168-169
diffusion, 117, 163, 1A5-167, 211
dry etching, 170-171, 208

CMOS Tabrication [continued)

doping processes, 52-53, 161, 163-167

electrical coupling, 202, 205

electronic grade silicon (EGS), 162

electromigration problems, 203

etching, 33, 90-01. 93, 170-172, 175-176, 183,
190, 192200, 202, 208,711, 444

eleh rate, 170-171

eteh profile, 171

EGS, sec clectromie grade silicon

emtaxial wafers, 31-32, 180

FEOL, see from end of the hine

field oxide (FOX), 38, 83-84, 86-87, 90-9].
116-117, 181

[romt endd of the line (FEOL}, 90, L77-178,
L80-199

final test, 208, 211

gate oxides. 163.191-192

IMD, see intra-metal dielectnce

inlra-netal dicleetric (IMLED, 69, 175, 205-208

ion implantation, 140, 165-167, 170, 184, 211

ton implanter, 163

implant profile, 163-166

Isolation, $0-9F, 173, 177, I81-153, 205

lattive damage, 165, 184

LOCOS, 181

wiask alignment, 84, 86, 34, 170

masks, 34-35, 53, 69, 84, 86, 163, 167-168, 170,
173,179

metalbization, 178, 203-205

metallurgical grade silicon (MGS), 162

MGS, see metallurgical grade silicon

n-wall, 184-[Re

n-well, 179, 181, L84, [87-190

numerical aperture. 168

pewall, 184-186

p-well, 179, 181, 184, 187-191

packaging, 3-5, 59, 208, 211

passivation, 62, 173, 1 78-179, 208-210

pattern ranster. 168

PCCVD, 176-177

PECVD reactor. 177

phowlithography, 161, 167-171, 173, 182-193,
196, 202-203, 206, 208-21

physical vapor deposition (VD) [75-176, 200,
204, 208

plasmw etching, 173-177

polysilicon, 166, [T8-179 L91-194

pre-metal dielectric (PMID), 178, 200-204

process descriprion, 89-91, 178-179

process integration, 177-20R

rapid thermal annealing, 199-201

rapid thermal processing (RTP), 164

reactive wm elehing (RIE), 171-173

reglsianion crrors, 1)

resalution, 1HR-169, 171

retiche, see muask

salicids module, 199
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CMOS fabrication (continued),
seribe lines, 75,209, 211
sclectivity, 170
shallow trench isolation (STI), 90-91, 177-178,
18188
silica. 161-162
silicide, 83, 88-92, 04, 199-201
SON wafers, 180
source dratn module, 193-199
stariing material, 180-181
step coverage, 174
stepper, 34, 167-168
straggle, 165
strects, see scribe, 209, 211
technology computer assisted design (TCAD).
17%
thermal oxadanion, 34, 161, 163-164, 182, 134,
160, 192, 211
thin film deposition, 173-177
thin film removal, 161, 170-171
trench liner, 184
twit tub (well) module, 187-190
unit processes, 161-177
via 1 module. 235-207
wafer manufacture, 161-163
waler probe, 208-211
wet etching, 170-171
yield, 152, 209-211
CMOSedu design rules, 33-35, 69, 79
UMEB, see common-mode {eedback
CMRR. see common-mode rejection ratio
Common-centrond, 111-113, 618, 724, 851, 916,
980
Cornmon drain amplifier, see source follower
Commaon gate amplifier, 671, 689-690, 708, 732,
83
Common-mode feedback {CMFB). 836-837, 863,
§69-875. RR1-885, BRS-895, 896-904, 906-908
compensating, 871-873
settling time. 895
swirched-capacitor, 874-873, 896-904, 907-908%
Comumnon-mode rejection ratio (CMRR), 721-724,
742,773, TRG-TO0, 823, 825, §33
Common-mode voltage (V,.,,). 837
Cammon source amplifier, 657-658, 666-667,
671-673, 698-699, 717, 751, 756, 773-774. 793,
OO, 814, 820-823
Communication system, 582-583
Comparators, 909-930
biock diagram, 910
characterizing, 915-918
clamped input stage, 517
clocked, Y15-918
de response, 913-916
decision circuit, 910-914
dynamic, 834-836
gain and offser, 916
hysterisis, 912-914

Comparators {continued),
npuat slew rate, 918
inverter based, 8354-836
kickback noise, 448-449, 456, 910, Y14, 930
operation, 909
output buffer, 913-913
pre-amp, 910-513
propagation delay, 18
self-hiased, 926
sensitivity, 909-810, 930
transient response, 416
Compensation, 773-792, 794, 814-815, §19-820,
RG2, 893
beta-multiplier reference, 630
comumon mode feedback (CMFB), 871-873
constant-g, . TI8-T40
high-zpeed, 783-787
indirect, 783-787, 791-792, 825
gain enhancement, §09-§12
lead, 782
Miller, 774, 788
nested Miller, 820
pole splitting, 674-679, 685, 780, 783, 814, 821
slew-rate imilalbions, 787-789
Conducrtivity, 39-4]
silicon-dioxide, 468
Constant-g_,
hias circuit, 623
diff-amp, 738-740
Contact resistance, 47, 64, 70-71, 80, 147, 209,
52
Contact potentials, 42-43, 124, 137-13%
Convergence help in SPICE, 28, 401
Complementary to ahsolute temperature {CTAT),
745, 759, 761-762, To5, 768
Coutiter, 329, 485-486, 506, 995-1002
as a digiral filter, 506-307
Counter-doped, 52-33
Coupled noise rejection, 838
Critical dimension (CD), 179
Cross-secuonal view, 3-3
Crosstalk, 59, 71-72, 427
CTAT, see complementary to absolute temperature
Current differential amplifier, 737, 921-922
Current mirrors, 273-274, 510, 512, 5363, 613-636
biasing, 621-626, 647, 650, B63-560
cascode, 273-274, 636-646
design, 615
dynamic, 856-838
floatimg, 647, 651-652, 698-699, 703-704, 710,
804-805, B08, B2}, 865
layout, 616-620, 642
low-voltage, wide-swing, 639-63]
matching, 6l6-620
output resistance, 288, 298, 613, 622, 636-644
regulated drain, 645-646
SFICE staternent, 620
subthreshald operation, 6353







































