Index

a

Abbe number 112 ff

aberration 84

— small 78

abrasion resistance 149, 150, 155, 164, 165
absorption 129

— loss 172

— moisture 24, 32

— ultraviolet 110

— visible 110

— water 8, 24,118, 125,129
accuracy, dimensional 41
acrylate polymers 120

acrypet 121

additives 111

adhesion 150, 153,157, 162, 164
— coating 161

— of metallic layers 172
adhesive 15

— UV-curing 15

advanced plasma source (APS) 152
aids, alignment 84

— calibration 4

alicyclic acrylate 125

alignment 3,11, 25,73

— marks 73,76

— mold halves 37

analysis, integrated optomechanical 29
— moisture absorption 29, 32

— mold flow 32

— optical 30

— stress birefringence 29, 31

— structural 30

— thermal 30

— thermoelastic 29

— thermo-optic 29, 31

analyzer 96

annealing 119

antioxidants 111
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antireflection 167
antireflective (AR) coatings 165
antireflective (AR) layers 149
Apel 129,133,134
aperture, clear 9

— effective 9
application

— automotive 116, 176
— high-throughput 91
— laser sensor 96

— medical 139

AR coating 156, 175
AR-hard 169

Arton 129, 136, 137
aspheres 74,83

- off-axis 14

- weak 74

assembly 11,12, 102

— automated 3

— edge contact 10

— one-piece 12

— robotic 10

— strategy 15
assembly cost 45

— one-piece molded 12
athermalization 8
autocollimator 94, 102
automotive 2
Avogadro’s number 115

b

backlights 120, 132
barrel 16

barrier layer 149

Bayer test 164

beams, measurement 70
— reference 70

— vibrating 19
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Index

bearings 13

— alignment pins 12

— play-free flexible 12

— snap hooks 12

birefringence 8,9, 20, 26, 95, 115, 125, 127,
129

— intrinsic 115

— orientational 115

— stress 115

blanks 55

boat, prolate 152

bonding, ultrasonic 15

bonds, covalent 172

bulk 157

c
calibration 73, 84, 90, 102
— schemes 102
— tools 102
camera 2,3,9
— single-use 12
— totally plastic 12
camera modules 1, 4
cavities, number of 42
centering pin 68
centration, image processing 94
— multi-element systems 95
centration measurement 92
— mechanical 95
— optical 93
channel 38
- cooling 37
cleanness 44
clear aperture, outer part of 84
CMM 68, 94, 95
coating 6, 149
— abrasion-resistant AR 149
— depositon of 150
— dielectric interference 150
— hydrophobic 169
— inorganic 159
— metallic 150
— of components in the injection mold 44
— on rigid thermoplastic 150
— optical interference 149, 166
— porous 150
— protective 149
— scratch-resistant 8
— titanium nitride 44
— wet-chemical 150
- with different thermoplastics 174
coating adhesion 158, 161

coefficient, linear expansion 117

— photoelastic 20, 115, 127, 129

— thermal expansion 159

cold plasma 150

collision 151

coloring 111

coma 73,74

common path 75

compensating optics 84

compensation, tool radius 56

— tool tip 57, 60

compensator 97

component, offset 58

compression molding 46

computer-generated hologram (CGH) 76

computer numeric control (CNC) 53 ff

— programming 60

concentricity 95

condensation, of the vapor 151

condenser 120

conductivity 22,173

— thermal 21, 23,32

contact angles 174

cooling 41

coordinate measuring machine (CMM) 68,
94, 95

coordinate system, Cartesian 82

core 36

corrosion 43

CR39 155

crack formation, linear 163

cross-linking 157

crystal, biaxial 97

— uniaxial 97

cutting zone 55

cycle time 41

cycloolefin copolymer 133

cycloolefin polymer 109, 118, 128

d

damping 54

decenter 74

decentration 73

deflection, constant mass 18
— constant thickness 18
deflection temperature 116
deflectometer 105

— scanning asphere 88
deflectometry 87
degradation 175

density 20

deposition, plasma-ion-assisted 152



design 25

— AR coating for plastics 168
— cost-saving potential 15
— ejector 40
— mold 36
— mount 10
— optomechanical 3,4,5,15
— philosophy 15
— quarter-half-quarter 167
— quarter-quarter 167
— step-down 169
— thin-film 166
detector, CCD camera 71
— high-resolution 93
deviation, of the spot 82
device, integrated imaging 12
— monolithic 11
— optical 11
diamond tool 55
diamond-turning 5, 13, 50
diffusivity, thermal 21, 23
dimension, critical 66
dip coating 154
display window 47
distortion 11, 26
— coefficients 22
size 119
— steady-state 21, 22, 23
— thermally induced 23
— transient 21, 22,23
distributions, density 114
— refractive index 114
durability, environmental 163
dust attraction, electrostatic 173
dyes 111

e

edge, configuration 9, 10
— thickness 9, 39
ejection 37

ejector 37

- pin 37

— set 37

elasticity 164

elasticity theory 159
electroforming 46
electromagnetic compatibility (EMC)
electron beam guns 152
electron transitions 110

elements, mounting plastic optical 15

energy 22
— kinetic 153

engineering, mechanical 7
— optomechanical 24
environment 25, 54

— high-humidity 117

— high-temperature 117

— stability 147

error, alignment 26

— axial 54

— environmental-related 26
— fabrication 26

— radial 54

— residual optical design 26
— straightness 53

— tooling shape 25, 26
etching processes 157

exit pupil 71

expansion 163

— coefficient of linear thermal 30
— linear thermal 21, 22,23
— thermal 4,26

eyeglasses 149

f

fabrication 25
features 9, 11
— diffractive 7
— fastening 10
— fixation 10
— mechanical 12
— micro-optical 7
— mounting 10
Fick’s law 27
figure of merit 19
film, metallic 172
— multilayer polymer 173
film thickness 151
fine structure 61
fingerprint 174
finite element analysis 27
finite element model 29
fixation, features 9
fixture 55
flange 9,10, 10ff
fluorine 174
flux, thermal 32
fly cutting 55, 56
focal length 69
focal shift 116
fracture, cohesive 158
freeform machining methods 58
frequency, plasma excitation 156
— resonant 18ff
Fresnel lenses 46, 120, 171

Index
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friction, metallic 44 integration 1, 3, 4, 98
function, antistatic 169 — functional 9, 11ff
— barrier 169 — monolithic 7
— hydrophobic 169 — mounting flange 9ff
— mechanical 11 - of functions 66
— optical 11 interaction, interatomic/intermolecular 110
interface 158
g interference 96, 166
gas pressure 156 — constructive 166
gate 38,39 — destructive 166
geometries, freeform 61 interference pattern 70
gradient, elasticity 153 — locating 71
— of hardness 153 interferometer 66, 104, 105
— stress 159 — double- and single-pass 78
grating 48, 87,99 — Fizeau 69
grinding 62 — Mach-Zehnder 78
— Michelson 69
h - microscope 79
hard coatings 169 - Mireau 79
hardness 150, 164 — optomechanical setup 76
— adjustable 170 — short coherence length laser diode 99
headlight 172 — Twyman-Green 69
heat interferometer configuration, concave 72
— capacity 22 — convex 72
- flux 21 - flat 72
— resistance 116, 125 interferometric setup, automated 78
— specific 21,23 interferometry 69
— storage 22 — phase shift 71
heating 41 — strong aspheres 76
homogeneity 153 international standards 69
humidity 25 - ASTM 162,164
- ENISO 162
i - ISO 164
illumination, conoscopic 96 — MIL 162, 164
— higher numerical aperture 84 ion assistance 150
— white light 79 ion bombardment 157
illumination system, flexible 85
imaging 2

ymaging j
impurities 111 Jones matrix 31

index, change of refraction (see also refractive

index) 31
— ellipsoid 31 I
— of refraction, thermally induced change 26  layer, antistatic 173
— refractive 23 — gradient 176
indium tin oxide (ITO) 173 — high-refractive index 169
injection, variothermal 47 — low-refractive index 169
injection cycles 45 - multiple 167
injection molding — quarter-wave 167
— two-component 45 ff - single MgF, 169
injection molding machine 36 — stacks 168
inserts 38, 47 LED 2,12
— aspheric steel 48 lenses, auxiliary 72

integrated optics 79 — projection TV 120



lenshousing, Barrel-type 16,17
— Collet cap-type 16

light guide 132

limit, curvature 82

— local tilt 82

linear thermal expansion 21
load, dynamic 18

— transient thermal 21
Lorentz-Lorenz 111

m

machine configuration, off-axis SPDT 58
- single axis 56

— three-axis SPDT 57

— two-axis SPDT 56

machine time 54

macromolecules 112

manufacturing 3

— cost 7

— process 35

— technologies 3ff
mass 22

— constant deflection 18

mass manufacturing 104

mass production 109

master 49

materials 6, 20

choice 19

— colorless 129

— for injection molds 43

— high-index 159

— low-index 159

- mold 35

— nanocomposite 176

— optical inserts 35

— optical properties of 109

— organic-inorganic composite 154
— organic-inorganic hybrid 176
— properties 7

— removed 54

— resin 137

— transparent 109
measurement, ellipsometric 162
— holders 99

— range 89

— relative 70

— speed 91

— strategy 95

— times 103

measurement points, erroneous 87
measurement setup 82

— custom 98

Index

measurement volume 68
measuring technique, surface 104
— wavefront 104

mechanics 67

mechanism, mold-ejection 36
merit, figures of 20

methods, electron bombardment 151
— inductive 151

— laser heating 151

— resistive 151

metrics, optical performance 30
metrology 6, 65 ff, 104

— dedicated 66

— dimensional 65, 67

— equipment 65

— generic 66

— optical 69

— technique 65

metrology plan 66

microlenses 80

milling, end-ball 60

— raster 59

— spiral 61

miniaturization 1,4

mirror, aspherical reference 75
— dielectric 149, 173

— metallic 149, 173

— off-axis parabolic 100
models, structure zone 150
modulation transfer function (MTF) 30, 102
module, monolithic 14
moisture 27

— absorption 27,117

— expansion 18,24

mold 35, 36
— cavities 36
— half 37

— prototype 42

— rotating 45

— single-cavity 38
mold height 42

mold machine 35
moldability 127
molding conditions 44
molding cycle 41
molecular chains 111
moth-eye patterns 156
moth-eye structure 171
mounting, athermal 54
mounts, Clamshell 15
— Collet cap-type 16
— Barrel type 16
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Index

n

nanoparticle 176

nanostructure 171,176

— stochastic AR 171

nickel, electroless 50, 62
Norborne functional polymer 136
nozzle 37,38

null-configuration 76

numerical aperture 82

Nyquist criterion 75

[

off-axis set-up 58

OKP-4 138

olefin-maleimide copolymer 139
OPD 32

opening stroke 42

optical path length 31

optical polyester 109, 138
optics, auxiliary 73
optimization, production mold 45
optomechanical systems 1
optomechanics 7 ff

Optrez 125

ORMOCERs 155

p
package 4

packing density 164

panlite 127,128

parapet 123

parting line 17

parts, integrated optical 98

path difference 75

penetration depth 156

phase, solid 151

phase difference 70

phenyl group 110

physical vapor deposition (PVD) 151

pigments 111

pins, ejector 40

planar magnetron sputter deposition 153

plasma, low-pressure 151

— microwave 153

- RF 153

plasma effects 156

plasma enhanced chemical vapor deposition
(PEVCD) 153

plasma impulsed chemical vapor deposition
(PICVD) 154

plasma-ion aissted deposition (PIAD) 152,
174,175

plasma treatments 175, 177

plasticizers 111

plate 37

— backing 38

— core 36

— moving 36

plating, chrome 44

— nickel 44,50

PMMA 109, 120ff, 175
Poisson’s ratio 31, 159

polar groups 158
polarizability 112, 115
polarization 95, 162, 173

— microscope 96

polarized light 95, 115
polarizer 96

polishing, computer-controlled 48
polishing tool 48
polycarbonate 109, 127 ff, 176
— low-birefringence 128
polymer, amorphous 128
polymer additives 163
poly(methyl methacrylate) 109
polysiloxanes 155

polysulfone (PSU) 139
polysulfones 109

precision, limited 26

pressure 22, 39,43

— embossing 47

- range 151

— vapor 151

probe 69

process, anodic oxidation 171
- holographic optical 171

— ion-assisted 152

— vacuum deposition 159

— wet-chemical 169

product, integrated 104
production, limited 45

— mold 45

properties, broadband AR 170
— cycloolefin copolymer 134, 135
— cycloolefin polymer 130, 132
— electrical 162

— hygroscopic 128

- long-term 163

— norbornene functional polymer 137
— of polycarbonate 128

— of poly(methyl methacrylate) 121
— of polysulfone 140

— olefin-maleimide copolymer 139
— optical polyester 138

— structural 20

— various optical polymers 142



prototype, diamond-turned 44

prototype mold 44

q
quality, insert 50

— molded part 50
quantities, measurable 65

r

radiation protecion 168
radicals 157

range, spectral 149
reference, choice of 92
— mirror 71ff, 102

— spot 82

reference grid 81
reference points 67
reference sphere 83
reflectance 110, 162
reflection coefficient 165
reflection losses 166
reflectivity 172
reflectometer 15
refractive index 111 ff
— Apel 5014DP 145

— complex 166

— medium 167

— OKP-4z 145

— Optrez 143

— Panlite 143

— Parapet HR1000S 143
— Topas 5013 145

— Udel P-1700 145

— Zeonex 330R 144
— Zeonex 480R 144
— Zeonex E48R 144
replication, galvanic 48
resistance, shatter 7
resolution, lateral 75
retainers 16
retardation 97, 131, 141
rigidity 128

RMS 26

Rockwell hardness 48
roughness 157
roundness 95

R&R study 66

runner, multi-cavity 38
runner molds, cold 39
— hot 39

s
scale, sub-wavelength 170
scan, through-focus 103

scattering, Rayleigh 111

scratch resistance 165, 169, 176

scratch tests 164

scratches 176

sensitivity 27

— of the instrument 86

— scalable 82

sensor 2

— one-point 87

— optical angle 87

separation, injection molded parts 44

Shack-Hartmann 105

Shack-Hartmann sensors 80 ff

shape, freeform 60

— optical 40

— rotationally symmetric 56

— toroidal 61

shape accuracy 100

shear modulus 31

shearing 105

shearing interferometer 85

— double-grating 86

shielding, electromagnetic
interference 174

shrinkage 8, 11, 25, 26, 39, 43, 66

— volumetric 26

signature, of the system 73

simulation 32

— optomechanical 29

single pass 83

single point diamond turning
(SPDT) 55 ff

slide, linear 53

slope 66, 74, 104

— angles 90

— range 79,87

slope map 87

slope sensor 87

software 105

sol-gel 176

sol-gel coating 154

specific volume 113

specification 28, 67

spectrophotometers 162

spectroscopy, m-line 162

sphere, best fit 78, 87

spin coating 154

spindle 53

spot, position 102

— shape 102

sprue 37,92,114

— bush 38

sputtering 153

— closed-field magnetron 153

Index
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stability, dimensional 18, 21, 24 — toroidal 14

— structural 18 — water-repellent 174

— thermal 18,21 — wettability 149

stack, QW 172 swing capacity 58
statistical process control 66 system, automatic collection 42
sterilization 139 — closed loop control 53
stitching technology 79 — positioning feedback 53
strain 24

stress 8,9 t

— compressive growth 161 Taber Abraser test 164

— cracking 160, 161 tabs, flexible 15

— distribution 31 — molded 15

— external mechanical 162 tactile probing 105

— mechanical coating 158 tactile profiling 89

- residual 119, 159, 160 target, ceramic 174

— spatial 31 temperature 23

— thermal 159, 160, 163 — distribution 22

stresses and crack formation 158 — evaporation 159
structures, alicyclic 116, 118, 128 - gradient 21

— AR surface 170,171 — ranges 21

— benzenering 110 temperature dependence, refractive index
— molecular 110 116

subapertures 80 tensor, dielectric impermeability 31
substrate, flexible 162 test, different scratch 162
— holders 151 — pull 162

— temperature 150, 159 - quick UV 164

surface 11 — tape-peel 162

— accuracy 48 test methods 162

— activation 150 test reticule 103

— aspheric 66, 89 testing, high-throughput modulation transfer
— aspheric illuminator 12 function 102

— beam-shaping 12 thermal, capacity 8

— design 7 — management 8

— energy 149 thermoplastics, metallized 172
- figure 28,79 thickness, control 45

— finish 44 — equal 19

— free-form 88, 89 - independent 19

— irregularities 9 - layer 151

- normal 87 — optical 167

- off-axis 13 TI-160 139

— optical 47, 65 tilt 73, 74, 85, 100, 119

— periodic structures 170 — local 81

— quality 44,48 — measurement 101

— replication 51 tip 89

— resistivity 173 tolerance 28, 67

- roughness 48, 50 — alignment 24

— shapes 100 — allocation 24

— shaping 7 — assignment 24

- stochastic structures 170 - budgeting 24

— structuring optically active 7 — fabrication 24

— super-hydrophobic 174 — levelof 27

— tension 26 — manufacturing 26, 27

— toric 89 — material 27



— normal 28

— process 24

— refractive index 28

— relative irregularity 28
— tight 28

tolerancing 24

tool, otpimization 43
tool normal cutting 57
tool path 61

tool servo systems, fast 61
— slow 61

tool sweep 55

tool wear 62

tooling 5

Topas 129, 133,135,174
topcoats, hydrophobic 174
— oleophobic 174

total internal reflection (TIR) 12

traces, of the probe 91

transmission, optical components

transmittance 162
transparency 110

two-component injection molding 45

u
Udel P-1700 140

ultra-precision machine tools 53

UV radiation 156
— degradation of polymers 157

v

vacuum chuck 55
V-coating 167
ventilation 41, 42

vibration 25, 27

— floor 54

vibration insulation 54
VUV radiation 157, 175

w
warp 119
waste 40

wavefront, aspherical 75
— collimated 83

— difference 85

— reconstructed 81, 87
— stored 73

wavefront error 24

- PV 71

- RMS 71

wavefront sensor 80
waveguide 12, 14
waviness, tool 56
W-coating 167

web coaters 153
weight 109
wet-chemical coating 154
wettability 157, 158
wormtracks 161

4
Young’s modul 19, 20, 31, 159

z

Zeonex 129,130, 174

Zeonor 129,132

Zernike polynomial 29, 30, 32
— coefficients 72

Index

189






