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industrial applications see col
industrial applications
inelastic electron mean free pa
483-495 [
integrated detector technology
integrated detector-coolera
272-273
interband tunnelling 281
interdiffused multilayer
interferometers 69, 395
intersubband absorption 83, 11
130.141-144,276. unh 0
continuum; bo
quasibound ’
intrinsic detectors 7, 8, 17,122,

nd-to-mini



lodine doping 240, 255, 285

lon beam milling 287, 289

ion implantation 287, 288, 300, 370, 455

ion pumps 310

IRlight121-122

IR transmission 256, 316,334

iron, in thin films, 495-498, 504, seealso
ferroelectric detectors; ferromagnetic metals

IrSi detectors 367, 368-369, 394

ISOVPE (isothermal VPE) 245

I

Jet Propulsion Laboratory 32, 45, 126, 397,
412

Johnson noise 20, 41, 132, 185, 205, 213,
337-338,459

Joule-Thompson cooler 273

junction forming 287, 288, 296, 298-299, see
also heterojunctions; homojunctions

K

Kentron 275

KopinInc. 148
Kronig-Penney model 128

L
lasers 64, 124,159,191, 192, 201, 206, 271,
299,300,331-332
lead salt detectors 274, 275, seealso Pb
leakage currents 281, 282, 285, 291, 297-298,
436
LED structures 124,153
lenses 50, 59, 98,108,112
LETI53,381-383
LIDARs 201
light coupling 38, 57, 84, 87-88, 95,101,
105,109-110,111, 133,134, 146,152,
201
linear arrays 64—65. 66, 270, 272, 296. 467,
471,477
lithography 172, 450, see also photolithography
Lockheed Martin 45, 53, 56, 58, 60, 224
long wavelength IR (LWIR) 5-6, 8, 21-26, 31—
32,121,283
dualband 53, 54,99-102,115,126
HgCdTe(MCT) 9.17,21-26,33,49,67, 255,
270,272,274,277-278,282, 283, 284,
296-299,303, 305,321,342, 344
MEMS 70
QWIPs9,45,57,69,88,92-102,114-116,
126,144,147,274,276
Siand Si/Ge detectors 353, 369, 373-374.
393-397,411-445
thermal detectors 21-26
Type-Il superlattices 192, 202, 211
loophole interconnection 26, 51, 289-290,
296,299
low temperatures 5, 38, 45, 50, 113-115, 201,
225, see also operating temperatures
LP-MOCVD 144, 145, 146
LPE (liquid phase epitaxy) 34, 53, 240, 245,
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249-251, 283, 284285, 287, 288, 290,
296,299, 300, 309, 346
LWIR/LWIR dual band 53, 54,99-102, 115
LWIR/VLWIR dual band 99-102, 126
LWIR se¢ also long wavelength IR

M
Marconi 32
MBE (molecular beam epitaxy)
dual-band HgCdTe 53, 55
GaInAs(P) based QWIPs 134, 137, 144, 147
GaSa/AlGaAs based QWIPS 84, 93,104,111,
114
GaSb/InAs superlattices 202, 215, 227
HgCdTe (MCT) 33, 34, 35, 69, 240, 245, 247,
254-256,257,283,286,291, 296, 309-
348
HgCdTe on Si49, 255,286
HIP detectors 372,373
InAs/(Galn)Sb superlattices 163, 165, 169
Schottky-barrier FPAs 369-371
SiGe detectors 403-408,410,413, 426
MCT (Mercury Cadmium Telluride)
semiconducting material 5, 7, 123-124,
233-260, see also HgCdTe detectors
medical applications 88-89, 305, 396, 449
megapixel arrays 301, 310, 366
MEMS technology 70,453,454, 457,461,
463-464,476,477
Mercury-Cadmium-Telluride (material) see MCT
mesa 290-291
metal absorbers 459460
metal-insulator-semiconductor (MIS) structure
26
metallurgical defects 35
MFP As see multispectral focal plane arrays
microbolometers 58-61, 66, 70, 201, 207-
208,214,353,383,449-477
microelectromechanical structures see MEMS
technology
microlenses 50,227
middle wavelength IR (MWIR) 6, 9, 24-26, 31—
32,121,274,283
dual band 53, 54, 57. 302
HgCdTe (MCT) 7, 33, 35, 255, 270, 271, 274,
277,282,284, 293,296,303, 305,310,
318,321,322,328-329,337-348
InSb detectors 33, 274, 346-348
QWIPs 57,126,142-144,147,152-153
Si, PtSi and Si/Ge detectors 353, 357, 393~
397,411-445
type-Il superlattices 192, 211
military applications 33, 38, 50, 58, 61, 65, 66,
223,233,304,312,393,397,449
mine detection 58
MIRIADS programme (miniature IR imaging
applications development system) 303
missile applications 201, 233, 273, 397
Mitsubishi 31, 59
MOCVD (metalorganic CVD)
HgCdTe (MCT) 33, 34, 53, 69, 240, 245
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QWIPs134,137,140,142
see also LP-MOCVD; MOVPE
model-solid theory 200
modeling
IMFP variation 483495
SiGe structures 440
type-II superlattices 197-201
modulators 191,192, 395,410
MOMBE (metallorganic MBE) 246, 256, 311
MOS 37,360,374, 377, seealso CMOS
MOSFETs 108, 276,277,278, 302-303
MOVPE (metal-organic vapour phase epitaxy)
283,285, 296, 300, 302, seealso MOCVD
MQW structures 84, 92-93,100, 102,110,
126,134,147,275-276,411-445
Multi-Chip-Module (MCM) 469
multicolor operation 5,9
HgCdTe 50, 53-54, 68, 69
QWIPs 54-58,69,110-113, 126, 144, 147,
152-153
see also multispectral focal plane arrays
(MFPAs)
multijunction HgCdTe photodiodes 70
multiplexers/readouts 26, 34, 50, 51, 69, 94,
122,269,270,276-279,288,297,302,
467472
noise47,57,101-102,107
see also CCDs; CMOS; ROICs
multiqguantum well structures see MQW
structures
multispectral focal plane arrays (MFPAs) 233,
234,260, 301-303, 305, 324-331, seealso
multicolor operation
MWIR/LWIR dual band 53, 54, 57, 302
MWIR/MWIR dual band 53, 54, 302
MWIR see also middle wavelength IR

N

nanoscale structures 153, 228

near-IR (NIR) 54, 153, 233, 310, 393, 396.
398-411, seealso avalanche photodiodes;
short wavelength IR

NI, in spin filtering 496, 505

Ni/Aulayers473-478

NiCr459

NiSi detectors 367-368

night vision applications 58, 88, 201, 397,
449-450

nightglow 299

NIR see near-IR

noise 10-11, 20-21, 23-26
HgCdTe detectors 299, 300, 332,336, 346
high-performance MWIR detectors 337-341
InAs/(Galn)Sb superlattices 183-186
polySiGe microbolometers 456457, 459
QWIPs97,101-102,107,112,132-133,

276
Schottky-barrier detectors 358-359, 363~
365.374,379

thermal detectors 20, 58, 60
type-Il superlattices 204-206, 213

noise equivalent temperature
67.69 !
dual-band FPAs 56, 57,99-102
HgCdTe 2D arrays 277, 292-293
InSb photodiodes 73-75
metal bolometers 450 b
photon detectors 36, 67, 69, 73-7:
polySiGe microbolometers 449, 4
QWIPs 69,91-92, 94,97, 99, 100~
106,108,115,133
Si bolometers 58, 59, 60-61, 380,
thermal detectors 67, 74-75, 208
non-equilibrium device 70 -
non-uniformity 208, 228, 358, 367, 379
correction (NUC) 273
inQWIPs97,107,109,112,115
see also uniformity

0
OEIC (optoelectronic integrated cif
OFM (optical absorption flux moni
316-318
OMVPE (organometallic vapour
286-287,309 '
operating temperatures 40, 45, 50,
201-202,225, 233, 300,305,
BIDdetectors 113-115,117
HgCdTe 35, 68-69, 341,347-348
InSb photodiodes 30-31
pyroelectric arrays 61-62
QWIPs 38, 39,56,124
see also cooled systems; coolers;
systems
optical absorption flux monitoring
316-318 i
optical communication applications
optical concentrators 9 s
optical conversion efficiency 39, 51
optical immersion 70
optical modulators 61

286-287,309
oxygen 358,407,420, 449

P

p-type QWIPs 142-144 .

PA-MOCVD (photo-assisted M

PACE process 286-287

packaging 450,461,472-47 5.495 7

passivation
GalnAs(P) based QWIPs 137,
HgCdTe 33-34, 281,291,298
InAs/(Galn)Sb superlattices 159

178,187

type-II superlattices 227, 230

Pb-based “perovskite" oxides 61-

PbSn474

PbSnTe 17

Pd,S1367

PECVD (plasma enhanced cher



deposition) 137, 380, 408,420

PEM (photoelectromagnetic) detectors 7

“pendellésung-fringes' 164-165

phase diagrams, MCT 246

photo-assisted MOCVD (PA-MOCVD) 253-254

photoconductive detectors 7, 23, 36-38. 69,
72-73,270, 284, see also QWIPs; type-11
photoconductors

photoconductive gain 9, 69,97, 114-115, 135,
152,204

photocurrent injection techniques 277-278

photodiodes 7-75, 269, 279,410, see also
avalanche photodiodes; type-II photodiodes

photoelectric gain 9-10

photoelectromagnetic (PEM) detectors 7

photoemissive detectors 7, 36, see also Schottky-
barrier detectors

photolithography 139, 140, 142, 145, 216, see
also lithography; MEMS

photoluminescence (PL) 165, 168-169, 399-
401

photon detectors 5, 6-18, 23, 26-58,67, 112,
121
compared with thermal detectors 9, 21-23,

25-26,121

limitations 201

photovoltaic detectors 7, 28, 36, 215

Physical Electronics Laboratory ol ETH Zurich
384

physical vapor deposition (PVD) 245, 251-252

PiN diodes 301

pin photodiodes 410

pixel amplifier 469

pixel fabrication 134,137

pixel optimization 460-462

pixel size reduction 59

pixelless large-area applications 153

planar device structure 274, 288-289, 296

plasma enhanced chemical vapor deposition see
PECVD

plasma enhanced milling 287, 289

PMN (lead magnesium niobate) 61, 62

polarization selection rule 195

pollution monitoring 208

polyGe 454

polyimide 382

polySi 65,454

polySiGe uncooled microbolometers 449-477

pre-amplifiers 213,214

process sensors in HgCdTe MBE technology 309,
310,312-317

proton implantation 153

proximity fuzes 201

PST (lead scandium tantalate) 32, 61, 62, 64

Pt,S1357-358

PtIrsilicides 369

PtS17-9,31-32, 36,49, 68,92, 394, seealso
Schottky-barrier detectors

PT (lead titanate) 61, 62

PVD (physical vapor deposition) 245, 251-252

pyroelectric detectors 5.9, 31-32, 58, 61-64,

Index 515

66,122,411
pyrolytic MOCVD of MCT 252
PZT (lead zirconate titanate) 61

Q
quantum cascade lasers 192, 206, 214
quantum confinement 228
quantum dot detectors 153, 228
quantum efficiency 24, 234, 282, 291
extrinsic silicon detectors 224, 354, 356,
360, 365,372-373
photon detectors 9, 33, 36, 39, 68, 123-124
QWIPs 39,47, 89-90,93,105,115,131,
135
SiGedetectors 410, 412,421-438, 442,
444-445
type-1l superlattices 203-204, 225
quantum grid IR detector 153
gquantum mechanical tunneling 85
quantum mechanics 83-89, 123
quantum pillars 228-229
quantum well detectors 7, 8
quantum wire detector 153
quaternary p-type QWIP 144
quench and anneal MCT crystal growth 247
QWIP-LED 153
QWIPs (quantum well IR photoconductors) 6, 7,
9,12-13,18,21,32,38-39,83-117,126-
135,201,397, 445
applications 88-89
compared with HgCdTe detectors 38, 39-52,
69,123-124
definitions 122,123-126
dual-band 53, 54-58,99-102,115
fabrication procedures 134-141,151
four-band 110-113,115
n-type (conduction band) 123, 124, 128-
130,146-147
new approaches 151-153
p-type (valenceband) 123,124, 128,130,
142-146
parameters 130-133
types 53, 54-58,92-117,123-124,128~
130

R
RoA product
HgCdTe 290, 328, 337-340, 346
InAs/(Galn)Sb superlattices 175-181, 185—
186
photon detectors 35, 3940
type-1l superlattices 223-224
radiation hardness 367
radio frequency magnetron sputtering 63
radiometers 66, 233
Raytheon 31, 53, 58, 60, 62, 64, 208, 283.
312,325,342, 345, 381,383
RBS (Rutherford back-scattering) 412, 416-418
reactive ion etching see RIE
readouts see multiplexers/readouts
Real Time Imaging Electronics (RTIE) 98
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recombination processes, in MCT 241245, see
also Auger recombination
red shift 401
reflection high energy electron diffraction see
RHEED
reflectors for QWIPs 87-88, 94-95, 106-107
remote sensing applications 88, 366-367
resistive bolometers 449, 450,451, 455456
resonant tunneling diodes (RTD) 191, 192
responsivity
HgCdTe (MCT) 234, 329-330
InAs/(galn)Sb superlattices 172-173
QWIPs10,104,105,114,131,133, 142,
144,145-146,149-150
SiGe detectors 412,429, 434-438
type-Il superlattices 202-203, 206, 209—
211,213,219
see also uniformity
retina level processing 2, 304
reverse bias 217, 297-298, 298-299, 303, 327,
356-357,369
RHEED (reflection high energy electron
diffraction) 202,212, 318
RIE (reactive ion etching) 229-230, see also
ECR-RIE
Rockwell/Boeing 31, 53, 58, 283, 300, 322
ROCs 95-96,97,99,102,107,109,112-113,
see also multiplexers
ROICs (readout integrated circuits) 29, 39, 47,
48,64,122,137,140-141, 249, 255,301,
336,341,468-472
fabrication 141, 147,151,271, 302,360~
363
see also CCDs; CSD: multiplexers
rolling readout device 279
RTD (resonant tunneling diodes) 191, 192
Rutherford back-scattering (RBS) 412,416~
418

s

SAM-APD architecture 332-333

sapphire substrates 28, 249, 250, 251, 283,
300

Sarnoff 32

Sbdoping 38

Shsurfactant 404

SBRC 46

scanning see multiplexers/readouts

scattering effects 354~356

scattering, in spin filtering 483-495, 504-505

Schottky-barrier detectors 5, 18, 26, 36, 68, 69,
274,275,353-371,412,429,445

scientific applications 233, 304

SE (spectroscopic ellipsometry) 257-258, 312,
315-316.318,333-335

search and rescue applications 58

security applications 305

SEIR image processing station 112

semiconductors 5. 6,121, 199-200, 233,354
and spin filtering 481482, 504-505
temperature sensors 374-379

Sensors Unlimited 32
sequential tunneling 85
sequential-mode detector arrays
Sherman function 483,499,505
short wavelength IR (SWIR) 31-32, 33,1,
122,283 1
HgCdTe detectors 29,49, 251, 255,
299-300,301, 318 -
PtSi SB detectors 353, 357, 366
8i/Ge detectors 393-397
see also near-IR
silicon 7-9, 13, 26,353, 357, 374-379
395
amorphous (a-8i) 32, 60-61, 379~
453
bolometers 5, 26, 58-61, 353,379-3
buffer layers 429,431, 435
doping 104, 145,146,170
for dual-band devices 302
HIP detectors 353,371-374, 411
nitride 230,452,457
oxide 457,462
photoconductors 23, 36-38
readouts 29-30, 95, 108, 302, 394,
also multiplexers; ROICs
$i On Insulator (SOI) technologies 35
379,395 )
silicon substrates 28, 35,47, 49, 50, 69,
413,453
in HgCdTe detectors 283, 286, 296, 31!
341-348 l
inQWIPs 125, 147-151 4
silicon, see also extrinsic St detectors; Sc
barrier detectors
SiGe 453
SiGe buffer layers 402-403, 404
SiGe detectors 393445

SiGe/Si HIP detectors 353, 371-374. 4.

SiGe/Si MQW detectors 411445

SiGe/Si superlattices 410

SIN absorbers 464

SiN-based passivation 170,172 !

SIMOX (separation by implantation of
substrate 407

SIMS (secondary-ion mass spectrom
287,316,323,325-326,412,

simultaneous unipolar multispectral
technology (SUMIT) 302

simultaneous-mode detector arrays 32¢

slider growth apparatus 249-251, 284,
290 y

slush method, MCT crystal growth 2

SnPb473

Sofradir 31,46, 48, 283

SOI (S1 On Insulator) technologies 353,
379,395

sol-gel processing 64 !

solid state recrystallization (SSR) 247

space applications 5, 6, 33,37, 121,
233,337.366-367,397



spectrometers 9, 122, 233, see also Fourier-
transform IR (FTIR) spectrometer
spectroscopic ellipsometry see SE
spectroscopy, absorption-edge (ABES) 312,
313-315,325
spectroscopy applications 299, 300
spin doping 482
spin filtering 481-505
spin-on metal-organic decomposition 63
spin-orbit split-off 301, 332
spintronics 481-505
sputtering 34, 63-64,357, 368,380
sticktion 462463
stiffness 462, 463—467,473
stimulated emission of spin waves (SWASER)
481
strained layer systems 57, 130, 160, 169-170,
233,370-371,395,398-411
submonolayer QWIP structure 152
substrates 28, 125,134,407
debiasing 297
for epitaxial growth 248-249, 250, 252,
285-286
removal 51,138
in spin filtering 497-498, 504-505
thinning 13, 181, 288
seealso CdTe; CdZnTe: GaAs; GaSh; InP; InSb;
Sisubstrates
SUMIT (simultaneous unipolar multispectral
integrated technology) 302
superlattices
AnAsSb/GaSb (type IT) 70
GaAS/AlGaAs-based (BID) 114-115,116—
117
InAs/GalnSh 26
InAs/(Galn)Sb 159-187
n-type QWIPs 144-147
p-type QWIPs 142-144
SiGe 398411
type-1193
type-1170,193-230
surface roughness, type-II superlattices 216
surveillance applications 58, 88, 233,337,397
SWASER (stimulated emission of spin waves)
481

T

TaN 459,463, 464

TCR (temperature coefficient of resistance) 58,
60,450,451,455-456,459,476

Tealkyls 252-253

temperature coefficient of resistance see TCR

temperature-sensing diodes 374-379

temperatures, operating see operating
temperatures

TEOS453,457,458,459

tetramethyl ammonium hydroxide (TMAH) 383

TFFE see ferroelectric (TFFE) detectors

thallium Tl) doping 370

thermal conductivity, polySiGe 455, 461, 476

thermal contrast 24

Index 517

thermal detectors 5, 6. 7, 8, 18-21, 23, 58-67,
70,121
compared with photon detectors 9, 21-23,
25-26,121
compared with type-II superlattices 201,
207-208
see also bolometers; pyroelectric detectors;
thermopile detectors
thermal diffusion 280-281, 287
thermal fluctuation noise 20
thermal imaging 9, 23, 58-67, 233, 269-270,
271-274,299,300,324,393,397,411,
449
thermally-assisted tunneling 40, 85
thermionic emission 40, 47, 85, 86, 107, 142,
356
thermistor bolometers see Si bolometers
thermo-electric cooling 273-274, 300
thermoelectric arrays 64-65
thermoelectric cooling 58, 305, 411
thermopile detectors 64-65, 353, 383-384,
411
thin-film ferroelectric (TFFE) detectors 62-64
threat-warning applications 52
3Dimaging 301
Ti metal bolometers 453
Ti microbolometers 450
Tishortcutlayer 139, 140
Ti sublimation pumps 310
Ti/Au/Pt/Au metallization 170
Ti/Pt/Au metallization 170
TIN 459
tipping. LPE crystal growth 250, 251, 284
Tl (thallium) doping 370
transistors 481-482, 504
transportation applications 58, 70, 88,233,
305,397
traveling heater method (THM), MCT crystal
growth 247
TV-compatible formats 29, 274, 364, 386
twin formation 318, 342
2-Darrays 69, 269-305,467,477
two colour arrays 301-303, 323, 325-326, see
also dual band FPAs
l:y;;eg-ll band alignment 3, 8, 26, 160-163, 191
4
type-II photoconductors 201-211
type-Il photodiodes 211-227
type-Il superlattices 159-231
compared with extrinsic silicon detectors 208,
224-227
compared with HgCdTe detectors 201, 207,
208-209,214,217
compared with thermal detectors 201, 207
modeling 197-201

U

U-profile 465467

UBM (under-bump-metallurgy) layers 139

uncooled systems 6, 9, 25-26, 65-66, 70, 201—
214,354-374
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uniformity 234,276
extrinsic silicon detectors 224, 358, 366
HgCdTe (MCT) 256, 296, 329, 336, 342
polySiGe microbolometers 450, 458-459,

472
type-Il superlattices 208, 211
see also non-uniformity; responsivity

v
vacuum packaging 450,461,472-476
valence band
HgCdTe 281, 332
InAs/(Galn)Sb superlattices 160, 170
QWIPs (p-type QWIPs) 123,124, 128,130,
146-147
SiGe detectors 394, 398, 438-440
SiGefilm 373,412,413
type-II superlattices 196, 200-201
vanadium dioxide 58
vanadium oxide 31, 58, 59, 449450
vapor phase epitaxy (VPE) 245, 249, 251-252,
284, 299, seealso MOCVD
vapor-HF processing 462-463,477
very large arrays 300
very long wavelength IR (VLWIR) 5-6, 31-32,
121,393
HgCdTe9,45-46,67,187,233
InAs/(Galn)Sb superlattices 162, 187
QWIPs 6,9, 45-46,51,57,69,110-111,
126-127,146-147
Siand Si/Ge detectors 208, 224-227, 393
thermal detectors 23
type-II superlattices 215-227
seealso LWIR/VLWIR dual band
via-hole devices 289-290, 299, 302, secalso
loophole interconnection

video processing units 98,112

visible imaging 269, 270

void defects, HgCdTe MBE technol
342,348

VPE (vapor phase epitaxy) 245, 249,
284, 299, see also MOCVD .

w

W substrate, in spin filtering 497

wafer-bonding 473 _

Wannier-Stark oscillation 217-218

waveguide photodetectors 395, 40

Wright Patterson Air Force Base (!
220,222-223

X
X-ray diffraction pattern
InAs/(Galn)Sb superlattices 163~
QWIP-on-InP 148
QWIP-on-Si 148
SiGedetectors 412,416
type-Il superlattices 216
Xearclamp 258

Y _
YBaCuO-based microbolometers 453

Z

Zener tunnelling 175,192, 217-218
zero-level vacuum 450,
zincblende crystal structure, in MCT
Zn doping 142
ZnTelayers/films 255.319, 342, 344
zone melting crystal growth 247



