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nanoparticle-fi lled resists   432, 433
nanoscopes   240, 241
nanostage   388–390
Nanotek   422, 423
NCP-200   425
negative resist   119
NEUTRONEX 309   40, 43
nickel
– densities and absorption characteristics   

17, 18
– electroplating   70, 89, 256, 258–260, 266, 

275
– mold inserts   339, 340
– – electroforming   306, 307, 326, 327, 341
– thermal expansion coeffi cient   151
– varactors   256–263
– X-ray lenses   237
nickel–iron electrolyte   372
Ni—Mn alloy, microspring   346, 347
non-planar resist substrates   55–57
non-return valves, injection molding   402, 

403

o
Obducat   97
object-oriented data structures   113–118
optical components see micro-optical 

components
optical coupling elements   83
optical fi bers
– intensity coupling element   212, 213
– multifi ber connector   213, 214
– switch   308, 316
optical lenses see microlenses
optical lithography   2
optical MEMS   225–230
optical switch matrix   160–162
ORMOCERs   438
overload protection   149

p
parallel-plate variable capacitor   248, 249
Parvus   390–393
PEEK   84, 90, 93, 94
– injection molding   400
permanent magnets   312–314
– injection molding   304, 305
photoresist
– bonding   155
– casting   430
– corners   159, 160
– cracking   154–160
– damage theory   119–121

– degradation mechanism   120
– development of irradiated resist   53–55, 

120, 121
– – dissolution rate   55, 121–125
– – simulation   133–139
– exposure dose see exposure dose
– exposure techniques see exposure 

techniques
– exposure times see exposure times
– fl ow properties   421–423
– hydrogen bubbles   155, 156, 166, 167
– mechanical stabilization   160–162
– optical properties   423, 424
– spin coating   421
– subdivision   157
– substrates
– – 3D   55–57
– – clearance   111, 211
– – planar movement   63–65, 112
– – thermal expansion   155
– swelling   160–163
– tapered structures   159
– tension stress   155
– thermal expansion   155, 160–163
– viscosity   421–423
– water uptake and swelling   160–162
– X-ray absorption   418, 419
photoresist materials
– compared   457, 458
– fi ller–polymer matrix composites   

420–437
– – fi lled SU-8   428–432
– – metal powder fi llers   436, 437
– – nanoparticle-fi lled resists   432, 433
– – polyimide–silica composites   437, 438
– – preceramic polymers   424–428
– – properties   420–424
– – silica fi llers   430, 432, 433
– PMMA see poly(methyl methacrylate) 

(PMMA)
– polytetrafl uoroethylene see 

polytetrafl uoroethylene (PTFE)
– sol–gel-based composites   438
– SU-8 see SU-8
– types   119, 416, 417
– water-based fi llers   437, 438
physical vapor deposition (PVD)   19, 22, 

288, 289
– titanium nitride   400
piezoelectric composites   337–344
– characteristics   342–344
– impedance curve   342
– production process   339–341
platinum, properties   17, 18



 476  Index
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spectrometers see microspectrometers
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stereolithography   419, 420
Stoney’s equation   41
stop faces   173
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stress measurement   41, 42
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– fabrication   153
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thermo-elastic properties, mask substrates   

19–21
thermopneumatic micropump   148
three-dimensional (3D) microfabrication   

52, 55–67
three-dimensional (3D) resist substrates   

55–57
through-holes   90–92
throughput rates   193, 197 (see also cycle 

times)
TIEGA   454–467
tin, properties   17, 18
titanium
– mask substrates   22, 44, 256, 257, 274
– – alignment markers   23
– – fabrication   29–31
– – properties and thickness   26
– – temperature rise   20
– optical transmission characteristics   23
– X-ray attenuation characteristics   15, 16
titanium nitride, physical vapor deposition   

400
TM DAR   422, 423
tolerance   180, 184–186, 201, 249 (see also 

precision)
– dimensional deviations   152, 153, 

160–163
topology representation   123–132
transition radiation (TR)   444–446, 449–451
transmission contrast   26
Transmit (program)   105
triangulation distance sensor   219–222

tunable capacitors   252, 253, 315
tungsten, properties   17, 18
two-step dose distribution   60–63

u
ultrasonic diagnosis   337–344
uranium separation nozzles   2, 3
UV LIGA   5, 190, 192
– microfabrication costs   196–198
– throughput rates   197
– X-ray sources   444–451
UV lithography   52, 416, 417
– extreme ultraviolet (EUV)   1, 2, 444
UV–VIS microspectrometer   85, 86, 287, 

289

v
valves see microvalves
variable capacitors (varactors)   252–263
vertical wall structures
– RF applications   249–251
– vertical wall varactors   254–263
vitreous carbon
– mask substrates   22, 44
– optical transmission characteristics   23
– properties and thickness   26
– X-ray attenuation characteristics   16
VL20   425

w
wafer bonding   192
– microfabrication costs   196–198
– throughput rates   197
water-based fi llers   437, 438
waveguides see coplanar waveguides (CPW)
wear, design for   151

x
X3D   109, 133–139
XOP   105
X-Ray (program)   105
X-ray attenuation characteristics
– absorber materials   16, 17
– resist materials   419
– substrate materials   14–16
X-ray lenses   6, 233–241
– characteristics   239, 240
– geometry   235–239
– materials   237
– PTFE   463–467
X-ray masks   11–44
– absorbers
– – materials see absorber materials
– – thickness   26, 27



 Index  479

– absorption contrast   26, 27
– alignment markers   35
– architecture   24
– costs   193
– critical dimension (CD)   27–29
– fabrication   27–42
– – alternative approaches   38, 39
– – beryllium masks   35–37
– – borosilicate glass masks   37, 38
– – commercial issues   200
– – gold electroplating   39–43
– – graphite masks   33–35
– – loads and stresses   153
– – silicon nitride masks   31–33
– – titanium membrane masks   29–31
– intermediate   28–30
– low contrast   61, 62
– metal mesh   38
– metal stencil   38
– multi-step absorber thickness   63
– planar movement technique   63, 64, 112
– resolution   28, 29
– silicon nitride masks, fabrication   31–33

– substrates (see also substrate materials)
– – alignment markers   23, 24
– – dose ratio   25
– – effective transparency   25
– – fl exible   38
– – membrane expansion   21
– – membrane-type   25
– – optical transmission   22–24
– – surface quality   21, 22
– – therm-elastic properties   19–21
– – thickness   16, 25, 26
– temperature rise   19, 20
– transmission contrast   26
– working masks   28–31
X-ray microscopes   233, 240, 241
X-ray sources   12 (see also synchrotron 

radiation sources)
X-ray transmission characteristics
– absorber materials   16–18
– substrate materials   14–16

z
ZEP520   432, 433




