Index

Addressing, 11, 19

active matrix, 20, 22-23, 28-9, 56-7, 741,
94, 113, 123, 135-7, 169, 215, 246-7, 281,
290, 291, 292, 294, 295, 297, 298

alternate frame scan, 139, 145

analog, 23, 25, 36, 41, 43, 47, 48, 66, 73, 80,
138, 144

bit depth, 9, 634, 67, 71-2, 250, 329, 332

bit splitting, 63, 69, 72, 250, 331

cadmium selenide, 137

CCD method, 14

charge-transfer plate, 231

crosstalk, 137, 138, 139, 145

dc balance, 53-6, 62, 73, 135, 137, 141,
169-70, 213

digital, 7, 25, 43, 48, 60-73, 246-50, 296

digital fringe field, 63

digital mean-square voltage, 60—1

direct, 19

DRAM, 35, 39, 40, 52, 55, 56-9, 100, 108,
113-14, 116-17

electron beam, 10, 12, 13, 231, 232

frame inversion, 53-5, 138, 139, 145, 147

gate voltage feedthrough, 52-3, 58, 137,
139

hybrid frame rate, 322

hysteresis, 256

interface ASIC, 41-5, 138, 140, 226

line inversion, 53-5, 138, 139, 144, 145

look-up-table (LUT), 44-5, 63—-4, 70, 140,
322,334

matrix, 10, 19-20

multiple line (active), 22

passive matrix, 20-22, 64, 256-7, 259

phased array addressing, 72, 242, 250

photoaddress, 14, 82-3

pixel storage, 113-14

polysilicon leakage, 136, 138, 139, 141

polysilicon matrix addressing, 136, 137,
138-41, 145

pulse code/width modulation, 7, 24, 26,
64-80, 77-78, 236, 242, 250, 259, 322,
323,331, 332

thin film transistors (TFT), 11, 22, 28, 41, 54,
89, 123, 136-7, 149-50

transistor body effect, 35, 38, 58

voltage-holding ratio, 58-9, 141, 157, 169

Aperture ratio (pixel fill factor), 29, 59, 967, 1402,

236,238, 242, 243, 244, 246, 254, 256, 257

Arc lamp

arc fluctuations, 312

metal halide, 311, 313
synchronizing, 331-2

UHP, 308, 311, 312-3, 322, 328
xenon, 311, 313

Assembly

cell gap spacers, 102, 211, 21617, 219-20,
221
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Assembly (continued)
cell gap uniformity, 103, 118-21, 182, 192,
207, 211, 214-15, 216, 219-20, 221, 223,
224-5, 226
liquid crystal filling, 2201
liquid crystal seal, 217-18, 219-22
pressure, 220-1

wafer singulation, 91, 100, 213, 214, 218, 219,

220, 225, 226
wafer-scale, 211, 214, 219, 220

Back-end processing, 212-13
Backplane, 90, 123-4, 126

Circuits and Systems
analog voltage addressing, 44, 46, 139
column data driver, 47
data path, 50
data rate, 51
gated transmission, 38, 57
interface ASIC, 42, 44, 139
inverter, 39
LCOS NTE, 42
LCOS parallel color projection, 44

LCOS transmission with column inversion, 46

OLED CMOS digital, 79
OLED CMOS analogue, 81
OLED CMOS sub threshold, 81
OLED current programmed, 76
OLED optical feedback, 77
OLED TFT addressing, 75
OLED voltage threshold compensation, 76
pixel frame buffer, 42, 59, 60, 62
pulse modulation, 65, 66
row scan driver, 48, 51
CMOS, 29-30, 32-7,90-1
back-end, 91, 118
cost, 102, 121, 126-30
Damascene polishing, 111-13
DMD, 239-41, 246-7, 249, 252
DRAM, 100, 108, 113-14, 11617
dummy structures, 102, 110
etch back, 99, 104-5, 110, 112
fabrication, 91, 93—4, 102, 121, 123
feature size, 90, 91, 93, 125, 126
flatness, 95, 102
footprint, 91, 92-3, 100, 114, 121, 125, 130
high voltage, 99-100, 125, 130
interconnection, 92, 93—4, 98-99, 112, 115,
117, 125, 130
light leakage, 95, 97-117

metal layers, 91, 93, 94, 98, 99, 115, 116, 125,
130
microdisplays, 2, 89, 90, 94-5, 101, 112, 212,
292,295-6
Moore’s law, 91
MOS capacitor, 37
MOSFET, 32-7, 90, 92
OLED, 113, 124-5, 130, 292, 295-6
pixel gap fill, 118-19
pixel reflectivity, 97, 99, 117-18, 213
planar technology, 90
planarize, 94, 98, 99, 10213, 118, 121-2
process node, 91, 92, 94, 126
roadmap, 91, 125-6
SIFT process, 118-19
spin-on glass, 99, 104-5
SRAM, 39-40, 62, 68-9, 246, 247, 252
structure, 91, 93-5, 100, 102, 110, 121
trench capacitor, 89, 93, 114, 130
wafer cost, 102, 121, 126-30
wafer size, 126
yield, 95, 99, 102, 103, 120, 127-9
Color
breakup, 4, 10, 69, 322, 342, 342, 343, 345
combining cube (dichroic), 326, 327, 328
contour (posterizing), 7, 71-2
convergence, 324, 325, 326
dispersion, 183, 187, 189, 196, 197
field parallel, 28, 321, 326-9
field sequential, 15, 26-7, 146, 147, 236, 250,
253,259, 309, 310, 322-5, 330, 332,
334, 342, 343, 344, 345, 346, 347, 351,
353, 359
color fusion, 10, 321, 322
color recapture, 324
color wheel, 26, 322-3, 324, 332
color drum, 325
spiral color wheel, 324
spiral lens wheel, 325
holographic filter, 325-6
management, 321-2
perception, 4
saturation, 4, 6, 8, 9, 15, 288, 308, 309,
322-3
scrolling, 27, 323-5
subpixels, 25-6, 150, 264, 269, 325, 343, 345,
351
temperature, 4, 7, 310, 311, 322, 332
uniformity, 5, 14, 211, 214, 216, 334
Contact potential, 118, 135, 170, 213, 323
Contrast, 2,4, 5, 8



Contrast ratio, 2, 4, 6, 9, 151-3, 155, 161, 167,
175, 176-9, 181, 183-4, 187-190, 192-3,
196-201, 203, 207, 236, 242-6, 253, 256,
258-9, 343, 344, 349, 351, 355

Contrast ratio ANSI, 9, 333

Contrast sensitivity, 4, 5, 6

Dark adaptation, 6
Digital mirror device (DMD), 235-53
addressing, 242, 246-50, 252
bias potential, 247-50, 251
burn-in, 240, 241
CMOS, 239-41, 2467, 249, 252
crossover state, 249
damping, 247-50
dark metal, 246
diffraction integral, 244-5
digital mirror device, 13, 72-3, 113, 118, 124,
235-52, 314, 322-3, 329, 330, 331, 332,
334, 344
electrostatic deflection, 231, 233-5, 252, 253,
256, 259
fabrication, 239-41
fast track pixel design, 251-2
hermetic sealing, 239, 241, 250
hinge, 236, 237, 238, 239, 240, 247, 250, 251, 252
on-time efficiency, 242, 246
optical damage, 251
passivation surfactant, 239, 240, 241, 253
permanent set, 250
phased array addressing, 72, 242, 250
spring tips, 237, 238, 239, 247, 249, 252
stay state, 249, 251
switching tolerance, 249, 251
switching transient, 248-249, 250
tilt angle, 237, 241, 242, 244, 247, 249
yoke, 236, 237, 238, 240, 247, 251
Display, 10-13
cathode ray tube, 10
Eidophor, 231
field emission, 11
liquid crystal, 12, 14
OLED, 12, 16
plasma, 11
projection, 3
Ruticon, 231

Electroluminescent microdisplays, 12, 297, 298

Emissive displays, 337, 342, 359

Etendue, 231, 256, 308-9, 310-11, 312, 313, 314,
320-1, 323, 324, 325, 327, 330

INDEX 373

Eyesight
foveal vision, 5
vernier acuity, 5, 8
vision hyperacuity, 5, 8
visual acuity, 5, 8, 341

Fabrication
black matrix, 142, 145
chemical mechanical polishing, 94, 99, 104-9,
141, 220, 239, 253
dielectric mirror, 82, 181, 213-14, 215
glass substrate, 213, 215, 216, 218, 220, 222, 225
ITO transparent electrode, 211, 213, 215, 216,
217, 218, 220, 225, 228, 266, 278, 279
light block, 63, 82, 135, 141
pixel capacitor stacking, 140, 141
recessed substrate, 140, 141
sacrificial layer, 239-240, 254
surface metrology, 102
Ferroelectric liquid crystal (FLC), 12, 14, 58,
64-71, 205-8, 343, 345, 346, 359, 323, 331
antiferroelectric liquid crystal (AFLC), 207
distorted helix, 207
electroclinic response, 208
surface stabilized (SSFLC), 2067
V-shaped response, 207-8
Flicker, 5-6, 9-10, 54, 139, 145, 3312
critical flicker frequency (CFF), 6, 53

Gamma, 7, 43, 65, 69, 72, 322
Grayscale, 7,9, 23-5
analog, 234-5, 253, 256, 257
backlight modulation, 332
contouring, 7, 9, 71-2, 250
dithering, 24, 72, 250, 257, 259, 332
quantization, 7

Heat sink, 310, 311, 327
Holographic optical element, 351, 352
Holographic storage, 16

Image, 3-10
moving picture quality, 64
quality, 181-2, 332, 333, 334, 345
sticking (ghost), 10, 167-9, 138, 139, 286
Infrared scene generator, 16

Jones matrix, 153, 185

Laser, 309-10, 330-1
laser infrared, 309
power, 309-10
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Laser (continued)

scanning, 330-1
speckle, 309, 310, 331

LCOS, 14, 26, 29-32, 40-60, 100, 121-3, 173-4,

205, 211, 212, 223, 311, 323, 325, 3267,
332
electronic architecture, 40—-60
floor plan, 43-7
microdisplay, 2, 212
projector, 3, 174-76, 205, 323, 327
silicon-on-insulator, 124, 130, 145-7
transferred silicon, 94, 123, 130, 145-7
transmission, 89, 123—4

Light emitting diode (LED), 21, 152, 207, 309,

310-11, 337, 342, 343, 344, 345, 348, 349,
351

GaN microdisplay, 298

photonic lattice structure, 311

projector illumination, 15, 152, 310-11

Liquid crystal alignment, 151, 156-9, 214, 217,

219, 220-1
rubbed, 156-9, 214, 217
inorganic, 156-7, 214, 219
oblique evaporation, 157
pretilt angle, 155, 157-9, 161-2, 165
surfactant, 157
e-beam, 159

Liquid crystal cell

bisector effect, 176, 194, 195-6
chiral dopant, 155, 191, 200
chiral pitch, 191, 205, 206, 207
diffraction device, 203, 205
finger-on-plane, 201, 203
Gooch-Tarry condition, 154
ion space charge, 16870
ion transit time, 168-9
ionic conduction, 166—8
fringe field, 54-5, 63, 139, 140, 144, 145, 147,
165-7, 179-81, 184, 187, 190, 193, 199,
200, 281, 324, 334
cell gap, 103, 114, 118-21
Maugin limit, 153, 154
mixed mode twisted nematic (MTN),
184-185
MTN 45 deg normally black, 199-201
MTN 45 deg normally white, 196-9
MTN 60 deg normally white, 1946
MTN 63.6 deg normally black, 190-4
MTN 63.6 deg normally white, 189-90
MTN 90 deg, 186-9
normally black mode, 153, 166, 176

normally white mode, 152, 153, 154, 155, 176
parallel aligned (homogeneous) nematic,
182-3
phase modulation, 203, 205, 330
polymer dispersed liquid crystal (NCAP,
PDLC), 203-5, 314, 330
reflectance maximum, 186, 187, 200
reflective TN cells, 184-5
twisted nematic cell 90 deg, 152-6, 1667
twisted nematic general, 153—4
vertical aligned nematic (VAN), 151, 155-7,
159-64, 165-6, 17681
voltage response VAN, 159, 161, 1767
Liquid crystal material, 218, 219
Lumen, 3
Lumen output, 308, 332
Lumens ANSI, 332-3
Luminance, 8-9, 339, 342, 344, 349, 350, 351,
355, 357, 358-9

Microdisplay, 1-2, 13-14
Microdisplay specification, 224, 2267
Mobile phone, 337, 353, 355, 361, 362
Micro-optical-electromechanical systems
(MOEMS), 13, 14, 231, 234, 259-60,
124, 259-60
diffraction efficiency, 236, 242—6, 254-8
grating blazed, 243, 244, 258
grating light valve (GLV), 254-8, 330-1
Interference color pixels, 258-9
interference modulation (IMoD), 258-9
lifetime, 231, 232, 239, 241, 249, 250-1, 254,
258, 259
mechanical resonance, 249, 258
mirror matrix tube, 232-3
piezoelectric micromirror (TMA), 252—-4
stiction, 247, 249, 252, 257

Near-to-eye, 15, 282, 288, 290, 298, 301, 337,

355

augmented reality, 347, 351, 357

beam-splitting optics, 338, 340, 342, 344,
348-9, 350, 351, 353, 359

binocular vision, 347, 348, 349, 354, 359

diffractive pupil expansion, 357

eye box (output pupil), 338-9, 340, 341, 342,
344, 348, 349, 355, 359, 361

eye relief, 338-9, 341-2, 345, 347, 349, 351,
353, 355, 359, 361

eye tracking, 360

eyestrain, 5, 377, 341, 361



eyewear-mounted, 353—4

face-mounted, 347, 349

head mounted, 2, 7, 337, 340, 341, 346-7, 362

head tracking, 351, 358, 360

light pipe system, 353—4

light-guide pupil expansion, 355, 357

magnification, 337-40, 344-5

mangin lens, 348-9

motion sickness, 361

optical field curvature, 344, 349, 351, 359

partial emersion, 7, 347

screen, 340, 358-9

see-through image, 346, 347, 349, 351, 354

simulator sickness, 7, 347, 361

total emersion, 7, 347, 360-1

viewfinder, 345—-6

virtual image, 337-8, 340, 344, 354, 359

virtual reality, 7, 346-7, 358

web browser, 361

Nematic liquid crystal, 218-9, 321, 323, 326,

327

optical dispersion, 160, 162

order parameter, 160

pretilt, 174, 178, 180, 182, 183, 184, 214

response time, 22, 24, 60, 63—4, 164-5, 166,
170

temperature response, 1, 59-60, 164-5, 168,
170, 176, 177, 184, 192, 207, 208

Optical

damage, 156-7, 214, 251

f/mumber, 155, 156, 162, 166, 175-6, 178-9,
203, 235, 241, 253, 308, 321, 327, 330,
332, 333, 339, 342, 343, 344, 359

field of view, 16, 155-6, 162, 166, 176, 178-9,
183, 187, 190, 192-3, 196, 197-8, 200,
341-2, 354, 355, 358-9

index matching, 215, 216, 218, 327

modulation transfer function, 8, 181-2, 319,
334, 344-5, 349, 351, 353

multireflections, 216

PBS compound angle effect, 315-6, 317,
327

scattering, 314, 330, 333

Optical systems and components

catadioptric, 340-1, 348-9, 359

color-quad system, 327, 328-9

dichroic mirror, 322, 326, 327, 330

filter birefringent, 328-9

Fresnel lens, 359-60

kinoform, 349

INDEX 375

microlens array, 136, 140, 141, 142-3, 325,
326-7

molded plastic optics, 350

optical compensation, 155, 156, 162, 178-9,
183, 184, 189, 190, 197, 315, 321, 326,
333,343

polarization conversion, 309, 311, 319-21,
327

polarizer absorbing (dichroic), 314, 319, 326,
327, 328

polarizing beamsplitter (PBS), 174, 314-17,
320, 327, 328

polarizing beamsplitter Cartesian, 3167

prism anamorphic, 349, 350-1, 361

prism magnifiers, 348-53, 361

quarter-wave retarder, 315, 317, 321, 327

relay optics, 340, 351, 353, 354, 358-9

Schlieren filter, 330

surface structure (microlens array), 282

wire grid polarizer, 317-20, 328

circular polarized readout, 1667

optical correlation, 16

optical switching, 17

Packaging, 211, 212, 221, 223-4, 225, 226, 279,
280

Performance ANSI, 331

Pixel array format, 8

Pixel diffraction loss, 97, 118, 125

Projection
screen gain, 8, 9, 307-8
front, 9
performance, 331-3
rear, 3

scanning, 257, 258
Schlieren, 231, 253, 256, 258, 330-1
sequential contrast ratio, 332-3
system contrast ratio, 333
transmission, 151-2, 3267
Reflectivity, 141, 213, 242, 246, 254, 255, 258
Resolution, 340, 341, 344, 345, 346, 351, 353,
354, 355, 358-9, 360, 361-2
Response speed, 343, 344
Organic electroluminescence
aging, 264, 285-6, 288
anode, 265, 266, 268, 278, 279, 281, 291,
292
bottom emitting, 268, 278, 279, 280, 290
carrier diffusion length, 266
carrier injection, 266, 268, 273, 277, 278, 280,
282,292
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Organic electroluminescence (continued)

carrier mobility, 264, 265, 266

cathode, 266, 268, 278, 279, 281, 288, 294

charge balance efficiency, 282

color converters, 288-9, 292

conduction band, 265-7

dc characteristic, 282-3

dendrimers, 269, 273, 275

electromotive properties, 266

electron affinity, 265

electron blocking layer (EBL), 279

electron transporting layer (ETL), 266, 268,
270, 273, 278, 280, 292

electron-hole exciton, 266-7, 269, 273, 278,
279, 281, 282

electron-hole recombination, 2668, 273

emission color, 264, 267, 271, 273, 285, 286,
288, 289, 298

emission double region, (2-PIN-OLED),
280

emissive aperture ratio (EAR), 281, 300

encapsulation, 268, 278, 280, 282

fabrication, 269, 273, 277, 292-3

fluorescence, 267, 269

ghost image, 286

glass transition temperature, 269, 273

heterojunction, 263, 266, 267, 291

highest occupied molecular orbital (HOMO),
265, 266, 267

hole blocking layer (HBL), 274, 279

hole transporting layer (HTL), 266, 271, 274,
279, 280, 293

host materials, 267, 271, 273, 274, 278, 279

inkjet printing, 268, 269, 272, 277

interface layers, 268, 277, 278, 279, 280

intrinsic emitting layer (PIN-OLED), 271,
276, 279-80

lifetime, 268, 273, 276, 277, 278, 279, 280,
285-6, 288, 289, 292

lowest unoccupied molecular orbital (LUMO),
265-7

microdisplays, 2907

n-type conductivity, 265-7, 278, 279, 298

optical cavity, 268

organic light emitting diode, 41, 73—4, 2634,
267-8, 343-4, 346, 351, 359, 360

out-coupling efficiency, 268, 281-2

performance, 263, 268, 269, 273-77, 280, 281,
285,292

phosphorescence, 263, 267, 269, 273, 274, 280,
281,297, 302

phosphorescent dye doping (PHOLED), 267,
269, 273, 274, 276, 279

polymer (P-OLED), 268, 271

P-OLED microdisplays, 294-7

polymer cross linking, 273

polymer materials, 272

p-type conductivity, 265-7, 279

quantum efficiency, 267, 269, 273, 281

radiative decay, 267, 269, 281

recombination zone, 266, 267

response time, 264, 284-5, 291

shadow masking, 268, 277

singlet exciton state, 267, 269, 273, 281

small molecule (SMOLED), 263, 264, 268,
269, 270, 271, 273, 276, 277, 278, 284,
291-3

SMOLED materials, 269-71, 276

SMOLED microdisplays, 291-3

solution processing, 268, 269, 272, 273

space charge limited current (SCLC), 266,
268

spin coating, 268, 272

stacked colors, 286, 288, 289

tiled displays, 292, 294

triplet exciton state, 267, 269, 273

vacuum deposition, 268, 269, 277

valence band, 265

white emitter, 276, 282, 284, 286-9, 291, 293,
294-6, 297

work function, 265-6, 278, 293

Silicon

amorphous, 11, 28-29, 137-8, 149-51

continuous grain, 28

crystalline, 28-9

nitride, 141, 246, 253, 254, 255, 258, 260

polysilicon, 11, 28-9, 32, 53, 55, 89, 90, 91,
92,93, 97, 114, 136, 137-8, 140, 141, 143,
145, 146, 150-1

porous, 298-301

transferred, 145-7

wafer, 211, 213, 215, 221, 225

on-insulator, 89, 124, 130

on-sapphire, 1467

Spatial light modulator, 13

Test, 211, 213, 215-16, 225-6

circuits, 48, 50

electrical, 213, 220, 225, 227
flatness, 102, 216

Linnik interferogram, 98, 109



optical inspection, 213, 216, 227
performance, 227
stress, 225, 227, 228
surface quality, 213, 215, 216, 225
Throughput efficiency, 231, 235, 236, 241-6, 249,
250, 253, 256, 257, 258, 310, 322, 323,
324, 326, 329, 332

INDEX 377

Tiled microdisplays, 359-61

Transmission LCD, 149-51

Transmission microdisplay, 211, 214, 215,
216, 224, 314, 326, 332, 342, 343, 345,
351, 353

Ultraviolet imaging, 16






