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3rd-order astigmatism, 22, 89
3rd-order spherical, 22, 89
3rd-order trefoil, 22, 89
3rd-order x coma, 22, 89
3rd-order y coma, 22, 89
45◦ trefoil, 22, 89
5th-order astigmatism, 22, 89

ABC parameters, See Dill
parameters

aberrations, lens, 20–23, 92
absorption coefficient, 41, 42,

44, 92
acid-catalyzed resist, 40, 92
across-chip linewidth

variation (ACLV), 64
actinic wavelength, 92
activation energy, 46, 92
additive processes, 10
adhesion promoter, 3, 92
advanced process control

(APC), 92, 93
aerial image, 13, 17, 23, 49,

53, 92
aligner, See mask aligner
alignment, 93
alignment key, 93
alignment mark, 93
alignment target, 93
alternating phase-shift

masks, 78, 79, 93
annular illumination, 84, 93
antireflective coating (ARC),

37, 38, 93
aperture stop, 93
aperture, numerical, See

numerical aperture
ArF, 93
Arrhenius coefficient, 46, 93
Arrhenius equation, 46, 93
aspect ratio, 94
astigmatism, 22, 24, 94
atomic force microscope

(AFM), 67

attenuated phase-shift
masks, 78, 80, 94

autofocus system, 94

bandwidth, illumination, 23,
94

base quencher, 47
Beer’s law, 41, 42, 90
bias, 81, 94
binary mask, 94
birefringence, 94
bleaching, photoresist, 42, 44,

94
Bossung curves, 69, 94
bottom antireflection coating

(BARC), 38, 94

CAR, 40, 94
catadioptric, 94
catalyze, 7, 40, 45
catoptric, 94
Cauchy coefficients, 95
characteristic curve, See

contrast curve
chemically amplified resists,

7, 40, 45, 46, 57, 95
chromatic aberration, 23, 95
chrome on glass, 80
circular polarization, 29
clearing dose (E0), See dose to

clear
coating, resist spin, 4, 95
coherence factor, 19, 95
coherence, spatial, 18, 19, 95
coherent illumination, 18, 19,

95
coma, 22, 95
condenser lens, 13, 95
contact printing, 6, 95
contrast curve, 95
contrast enhancement layer

(CEL), 96
contrast, image, 95
contrast, resist, 59, 95
corner rounding, 96
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critical dimension (CD),
61–63, 94, 96

critical dimension variational
equation, 63, 91

critical shape (CS), 96
critical shape difference

(CSD), 96
critical shape error (CSE), 96

deblocking, 40, 45
deep-UV lithography, 96, 98
defocus, 25, 54, 69, 96
degree of coherence, 19, 96
dehydration bake, 3, 96
depth of focus (DOF), 31, 32,

70–73, 83, 97
descum etch, 9
design rule, 97
developer, 8, 51, 97
development, 8, 49–51, 59, 97
development path, 52
development rate, 49–51, 97
development rate monitor

(DRM), 97
diffraction, 14, 15, 97
diffraction orders, 15, 32, 73,

97
diffraction-limited, 17, 97
diffraction pattern, 15, 97
diffusion, 7, 46, 90
diffusion coefficient, 46, 98
diffusion equation, 46, 90
diffusion length, 57, 98
diffusivity, See diffusion

coefficient
Dill parameters, 42–44, 90,

92, 97
dioptric, 98
dipole illumination, 83, 98
direct-write lithography, 87,

98
dispersion, 23, 98
dissolution inhibitor, 98
dissolution promoter, 98
dissolution rate, 48, 49, 51,

59, 90, 98

distortion, 98
dose, 43, 69, 98
dose to clear (E0), 26, 36, 98
dose to size, 99
DRM, 99
dyed resist, 99

e-beam lithography, See elec-
tron beam lithography

edge bead, 99
edge bead removal (EBR), 99
electric field image at the

wafer, 17, 88
electromagnetic wave, 11, 27,

29
electron beam lithography,

87, 98, 99
elliptical polarization, 29
embedded PSM (EPSM), 80,

99
entrance pupil, lens, 99
etching, 9
excimer laser, 99
exit pupil, lens, 21, 29, 75, 99
exposure, 6, 43, 99
exposure dose, See exposure

energy
exposure energy, 43, 69, 100
exposure field, See field,

exposure
exposure latitude, 62, 71, 100
exposure margin, 100
extinction coefficient, 100
extreme ultraviolet (EUV)

lithography, 87, 99, 100

fab, 100
FE matrix, 69, 71, 101
field-by-field alignment, 100
field curvature, 100
field, exposure, 100
first law of photochemistry, 43
first-order kinetics, 43, 45
flare, 26, 100
flare measurement, 26, 89
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flood exposure, 100
focal plane, 100
focal position, See focus
focus, 69, 101
focus-exposure matrix, 69, 71,

101
focus-exposure process

window, 69, 71
forbidden pitch, 84
Fourier optics, 17, 101
Fourier transform, 15, 17
Fourier transform of 1D mask

pattern, 15, 88
Fraunhofer diffraction, 14, 15
Fresnel, Joseph, 14
Fresnel reflection formulae,

35, 90

g-line, 101
GDS II, 101
glass transition temperature,

101
global alignment, 101

H-D Curve, 101
h-line, 101
H-V bias, 24, 101
hard bake, 9, 102
hexamethyldisilizane

(HMDS), 3
horizontal-vertical bias, 24,

89, 101
Hurter-Driffield curve, See

H-D curve
Huygen’s principle, 14, 102

i-line, 102
IC, See integrated circuit
illumination system, 13, 102
illumination, Köhler, 102
image contrast, 102
image log-slope (ILS), 53, 56,

102
image reversal, 102
immersion lithography, 31,

32, 37, 87, 91, 102

immersion–high NA depth of
focus Rayleigh criterion,
32, 91

imprint lithography, 87, 102
incoherent illumination, 19,

102
index of refraction, 30, 31, 34,

37, 38, 78, 111
integrated circuit, 1, 103
intensity, 27, 34, 103
internal transmittance, 34, 90
invariant, optical 30, 31, 89
inverse Fourier transform, 17
ion beam lithography, 103
ion implantation, 10
iso-dense print bias, 81, 103
isofocal bias, 103
isofocal dose, 103
isofocal linewidth, 103

Köhler illumination, 103
Kirchhoff diffraction, 14
KrF, 103

Lagrange invariant, 30
Lambert law of absorption,

41, 90
latent image, 40, 43, 45, 56,

57, 103
latent image gradient, 56, 57
Levenson PSM, See

alternating PSM
lift-off process, 104
lifting, resist, 103
line edge roughness (LER),

66, 104
line end shortening (LES),

103, 104
linescan, 67
linewidth, 61, 67, 104
linewidth roughness, 66
lithographic cluster, 2
lithographic imaging

equation, 59
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lithography, 1, 104
log-slope defocus curve, 55
LSI, 104

Mack 4-parameter dissolu-
tion rate model, 49, 90

magnification factor, 16
mask, 13, 76, 78–80, 104
mask aligner, 104
mask biasing, 82, 104
mask blank, 105
mask error enhancement fac-

tor (MEEF), 76, 91, 105
mask error factor, See mask

error enhancement factor
mask linearity, 105
maskless lithography, 105
Maxwell’s equations, 11, 27,

88
MEF, See mask error

enhancement factor
mercury arc lamp, 105
metrology, 67, 68, 105
microlithography, 1, 105
mix-and-match lithography,

105
modeling, 85, 105
Moore’s law, 86, 105
multilayer resist (MLR), 106

nanolithography, 106
negative photoresist, 106
next-generation lithography

(NGL), 87, 106
non-bleachable absorption

coefficients, 42, 44
normality, developer, 51
normalized image log-slope

(NILS), 53–60, 66, 91, 106
Novolak/DNQ, 39
numerical aperture (NA), 16,

17, 55, 106

OAI, 77, 83, 106
objective lens, 13, 106

off-axis illumination (OAI),
77, 83, 106

OPC, 77, 80, 82, 106
optical density, 106
optical invariant, 30, 31, 89
optical lithography, 1, 2, 106
optical path difference (OPD),

25, 75, 89, 107
optical path difference due to

defocus, 89
optical proximity correction

(OPC), 77, 80, 82, 107
optical proximity effect, 81,

107
overlay, 65, 68, 107
overlay correctables, 68, 107
overlay mark, 68, 107
overlay mark fidelity, 107

paraxial approximation, 107
partial coherence, 19, 107
partial coherence factor, 19
partially coherent

illumination, 19, 108
pattern placement error, 108
patterning, 1, 9, 108
pellicle, 108
phase conflict, 79
phase-shift mask (PSM),

77–80, 108, 109
phasor, 12, 88
photoacid generator (PAG),

45, 107, 108
photoactive compound (PAC),

39, 43, 107, 108
photolithography, 1, 2, 108
photomask, 6, 78, 108
photoresist, 1, 2, 108
photoresist contrast, 59, 108
photoresist dissolution,

49–52, 59
piston, 22
pitch, 15, 73, 81, 83, 109
plane wave, 12, 34, 88
point spread function, 73, 108
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polarization, 27, 29, 109
positive photoresists, 39, 109
post-apply bake (PAB), 5, 48,

107, 109
post-exposure bake (PEB), 7,

45, 46, 57, 108, 109
post-exposure delay, 47
postbake, 9, 109
power (focus), 22, 88
prebake, 5, 48, 109
process control, 63
process error, 62
process latitude, 62, 109
process optimization, 63
process window, 70, 109
projection e-beam, 87
projection printing, 6, 109
proximity baking, 5, 109
proximity effects, 81, 110
proximity printing, 6, 110
puddle development, 8
pupil filter, 110
pupil function, 17, 88, 110
pupil phase error due to

defocus, 89
pupil, lens, 17, 110

quadrupole illumination, 83,
110

quantum efficiency, 110

random polarization, 29
raster scan, 110
Rayleigh depth of focus

criterion, 32, 75, 91
Rayleigh equations, 74, 75,

91, 110
Rayleigh resolution criterion,

74, 91
reactive ion etching, 10
reciprocity, 43
reflection coefficient, 34, 35,

90
reflective notching, 111
reflectivity, 34, 35, 111

refractive index, See index of
refraction

registration, 111
resin, photoresist, 111
resist, 1, 2, 111
resist contrast (gamma), 51,

59, 111
resist linewidth, 61, 111
resist reflectivity, 36, 111
resist stripping, 9, 114
resolution, 31, 73, 74, 77, 111
resolution enhancement tech-

nologies (RET), 77, 111
reticle, 111

saggital lines, 112
scalar wave theory, 112
scanners, 6, 112
scanning electron microscope

(SEM), 67, 112
scattering bars, 82, 112
semiconductor device, 112
sensitizer, 39, 112
sensitizer decomposition, 48
serifs, 82, 112
sidelobes, 80
sidewall angle, 61, 69, 112
simulation, 85, 112
smiley plot, 69, 100, 112
Snell’s law, 30
soft x-ray lithography, 112
softbake, 5, 48, 112
solvent, photoresist, 42, 113
spatial coherence, 18
spatial frequencies, 74, 113
spherical aberration, 22, 89,

113
spider plot, 69, 113
spin coating, 4, 113
spin development, 8
spin speed curve, 4
spray development, 8
standing waves, 7, 33, 34, 38,

113
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step-and-repeat camera, 6,
113

step-and-scan, 6, 113
steppers, 6, 113
Strehl ratio, 113
sub-resolution assist feature

(SRAF), 82, 114
substrate, 114
substrate cleaning, 3
substrate reflectivity, 114
surface induction, 50, 114
surface inhibition, 50, 114
surfactants, 50, 114
swing curve, 36–38, 114
swing ratio, 114

T-top, resist profile, 47, 114
tangential lines, 115
thermal dose, 45
tool-induced shift (TIS), 68,

115
top antireflection coating, 37,

115
top surface imaging, 115
transmission coefficient, 34,

90

ULSI, 115
unpolarized, 29
UV, 115
UV cure, 115

vapor prime, 3, 115
vector scan, 115
vector wave theory, 27, 115
VLSI, 116

wafer, 13, 116
wafer-induced shift, 68
wafer fab, 116
wavefront, 12, 14, 20, 116

X tilt, 22, 88
x-ray lithography, 116

Y tilt, 22, 88

Zernike coefficients, 21, 22,
88, 116

Zernike formulae for
aberrations, 22, 88

Zernike polynomial, 21, 22,
88, 116
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