Contents

1

The ER in Quantum Wells of HD Non-parabolic

SeMICODAUCIONS: , ¢ < 555 5 05 5 3 6 6 4% WEPIEEHERE 8 & G5 s 355 5 4a
Il TNOdOCton : « « : s s 55 5 5k s AR SRR IS SH e s s 858 5 S :
1.2 Theoretical Background. . . .. .......................

1.2.1  The ER in QWs of HD Non-linear

Optical Semiconductors. . .. ..................
1.2.2  The ER in QWs of HD III-V Semiconductors . . . ...
1.2.3  The ER in QWs of HD II-VI Semiconductors . . . . ..
1.2.4  The ER from QWs of HD IV-VI Semiconductors . . .
1.2.5 The ER from QWs of HD Stressed Kane

Type Semiconductors . . .. ...................
1.2.6 The ER from QWsof HD Te .................
1.2.7  The ER from QWs of HD Gallium Phosphide . . . . ..
1.2.8  The ER in QWs of HD Platinum Antimonide . . .. ..
1.29  The ER from QWs of HD Bismuth Telluride. . . . . ..
1.2.10 The ER from QWs of HD Germanium . ..........
1.2.11 The ER from QWs of HD Gallium Antimonide. . . . .

1.3 Resultand Discussions . . . . .......... ..t eenenn...
14 Open Research Problems. . . ........................
205 T £ 1 1 =R

The ER in Doping Super Lattices of HD Non-parabolic

SEMICOMIUCTIONS :: < = % earser@hnsts & & s SRR Swm & atatalarsiess
il IDEOdUCHON.. 5.8 e b nchali & S a5 3 5 5% 5% 4 3 5 AasleleigNhs
22 Theoretical Background. . . .. .......................

22.1  The ER in Doping Superlattices of HD Non-linear
Optical Semiconductors. . .. ..................
222  The ER in Doping Superlattices of HD III-V,
Ternary and Quaternary Semiconductors. . ... ... ..
223  The ER in Doping Superlattices of HD II-VI
Semiconductors . . ... ...
224  The ER in Doping Superlattices of HD IV-VI
Semiconductors . . ... ... L L Lo

|
4

4
17
33
36

48
55
61
65
69
71
79
82
103
110

117

117

120

XXIX



XXX

Contents
2.2.5 The ER in Doping Superlattices of HD
Kane Type Semiconductors . . . ................ 130
2.3  Result and Discussions . . ... ... .. ..ottt 132
24 Open Research Problems. . . ........................ 137
RETCICNCESE R 0-ntl? Wt de ot o P oonsziedSol coomon Fonametl  ohona i pprotolis 138
The ER in Accumulation and Inversion Layers

of Non-parabolic Semiconductors . . . ..................... 141
3] IDOdaCtON. . ... s TS Ssiir S S S EF AR ST R E S 88N AEHEE 141
3.2 Theoretical Background. . . .. ....................... 142
3.2.1  The ER in Accumulation and Inversion Layers
of Non-linear Optical Semiconductors. . . ......... 142
3.2.2  The ER in Accumulation and Inversion Layers
of III-V. Ternary and Quaternary Semiconductors ... 146
3.2.3 The ER in Accumulation and Inversion Layers
of I-VI Semiconductors . fc <5 % s wewnnsms s 152
3.24  The ER in Accumulation and Inversion Layers
of IV-VI Semiconductors. . .. ................. 155
3.2.5 The ER in Accumulation and Inversion Layers
of Stressed III-V Semiconductors. . .. ........... 158
32.6 The ER in Accumulation and Inversion
LAYEISTOFGE ¢ 55 5 v 4 s o w & % 33 mparsenseisim s s 5 ¢ 5% 162
3.3 (Resilt and DISCUSSIONS, ; ¢ s s s sa 52557 gommenahessnssdes 165
34 Open Research Problems. . ......................... 170
REIOICINCES! oo, 5 51 ci o1 v 35 v e e 2 e s 20 10 i 10 ieisnevagsenasane: o & = o % & = 2 = 171

Suggestion for Experimental Determinations of 2D and 3D
ERs and Few Related Applications . . . . ................... 173
4. JoOdUCHON = : ;s ¢ s s 356 550 5 ave@Eaies s de s s ws s ssads 173
4.2 Suggestion for the Experimental Determinations

of the 3D and 2D ERs for HDS Having Arbitrary

IISPErSION LAWS. . .« « « o o i 1s ovesiorovnivirest o 2 8 Sionm = 32 o 5 000 3 = 173
4.3 Different Related Applications. . .. ...............7 . 175
44 Open Research-Problem . : .. oremne ov oo oo oo s b oo 181
REfCICNOES sovavanors ovs wiis & wwehic 3 e possreratiorstes & 51 5161 5 o0 oTons & o = % v ol 181
Conclusion and Scope for Future Research . . . . . ... ... ... . 183
RELETCNCES .. .0« o sieviereionormionotorcio e ns v sim o o588 588008 i 186
Appendix A: The ER in HDS Under Magnetic Quantization . . .. 187
6.1 INHOANCEHORN: <. ttndettramd o s o 5 o 5w & & 5 @ & 5 5 wreetee 187
6.2 Theoretical Background. ... . ..o amss 5500056 aammmes 188

6.2.1  The ER in HD Nonlinear Optical Semiconductors
Under Magnetic Quantization. . . .. ............. 188



XXX1

6.2.2 I'he ER in HD Kane Type III-V, Ternary
and Quaternary Semiconductors Under

Magnetic Quantization . .................... 192
6.2.3 ['he ER in HD II-VI Semiconductors l miu
Magnetic Quantization . . . . . .. 198
6.2.4 l'he ER in HD IV-VI \nmumhm«u\ ( ndu
Magnetic Quantization . . . . ... 199
6.2.5 I'he ER in HD Stressed Kane Type \mlusmluunx\
Under Magnetic Quantization. . . . ... ... 205
6.2.6 I'he ER in HD Tellurium Under Magnetic
QUABRLZANON ~csvn s onss s s s b s s 2 207
6.2.7 The ER in HD Gz nl]mm Phosphide Under
Magnetic Quantization . . . .. .. . 207
6.2.8 I'he ER in HD Platinum Antimonide Under
Magnetic Quantization . . . ... R et v o 208
6.2.9 I'he ER in HD Bismuth Telluride l ndu
Magnetic Quantization . ......... : 209
6.2.10 The ER in HD Germanium Under Magnetic
QUANZALION ;515757 Foos 575 57 2 e 5 maus siars i 210
6.2.11 The ER in HD Gallium Antimonide Under
Magnetic Quantization . ............... 211
6.2.12 The ER in HD II-V Materials l ndu
Magnetic Quantization . ................ R 4 -
6.2.13 The ER in HD Lead Germanium IL”UII('L
Under Magnetic Quantization. . . ... ... ... 214
6.3 Open Research Problems. . ................... ... 216
References . ....... ., e S B T RS i eSO 220
7 Appendix B: The ER in Superlattices of HD Non-parabolic
Semiconductors Under Magnetic Quantization . .. ... .. 223
2] o Introduchons o S o 5ee @ a0 223
7.2 Theoretical Background. . . .............. . 224
7.2.1  The ER in HD lll ' \upul ittices with (ll lcd
Interfaces Under Magnetic Quantization . . . . - 224
7.2.2  The ER in HD II-VI Superlattices with Graded
» Interfaces Under Magnetic Quantization . . . . . : 230
1.2.3 I'he ER in HD IV-VI Superlattices with Graded
Interfaces Under Magnetic Quantization 5 234
724 I'he ER in HD HgTe/CdTe Superlattices
with Graded Interfaces Under
Magnetic Quantization . . . . . R PN

N

2.5 I'he ER in HD Stained Layer \upul itices
with Graded Interfaces Under Magnetic
Quantization



XXXil Contents

7.2.6  The ER in HD III-V Effective Mass Superlattices

Under Magnetic Quantization. . . .. ............. 245
7.277  The ER in HD II-VI Effective Mass Superlattices
Under Magnetic Quantization. . .. .............. 248
7.2.8  The ER in HD IV-VI Effective Mass Superlattices
Under Magnetic Quantization. . ... ............. 250
7.29 The ER in HD HgTe/CdTe Effective Mass
Superlattices Under Magnetic Quantization . . . . . . .. 252
7.2.10 The ER in HD Stained Layer Effective Mass
Superlattices Under Magnetic Quantization . . . . . . . . 254
7.3 Open Research ProbIem o cssi v v 5 o o e s o0 e 256
REFEIENCES " ¢ & 5756 0 5 5 Sianeieiuslot mmmimin = 5 o5 5 Susber 2 o oo % @ 15 ot fo ‘szesione 256

8  Appendix C: The ER in HDS and Their Nano-Structures

Under Cross-Fields Configuration. . ... ................... 259
81 Introduction!: - imicrm oo o ol s 5 o% 5 56 v ¥ 6 56 6 BreEte 259
82  Theoretical Backgrounid. . s srsrss s slunsascsss a5 %5 sine 260
8.2.1  The ER in HD Nonlinear Optical Semiconductors
Under Cross-Fields Configuration. . .. ........... 260
8.2.2  The ER in HD Kane Type III-V Semiconductors
Under Cross-Fields Configuration. . .. ........... 263
8.2.3 The ER in HD II-VI Semiconductors Under
Cross-Fields Configuration . .................. 267
8.24  The ER in HD IV-VI Semiconductors Under
Cross-Fields Configuration . .................. 269
8.25 The ER in HD Stressed Semiconductors Under

Cross-Fields Configuration . .................. 271
8.2.6  The ER in Ultrathin Films of HD Nonlinear

Optical Semiconductors Under Cross-Fields

ConfIPOTAION . « voowmasn: & 5 5 5 oo & 9% 5 5 & DS RTais 274
8.2.7  The ER in Ultrathin Films of HD Kane Type III-V,

Ternary and Quaternary Semiconductors Under

Cross-Fields Configuration .. ............... .. 276
8.2.8  The ER in Ultrathin Films of HD II-VI
Semiconductors Under Cross-Fields Configuration . . . 278
8.29  The ER in Ultrathin Films of HD IV-VI
Semiconductors Under Cross-Fields Configuration . . . 279
8.2.10 The ER in Ultrathin Films of HD Stressed
Semiconductors Under Cross-Fields Configuration . . . 280
8.3 Open Research Problems. . .. ....................... 281

20 (5] (= 1T =L R 282




Contents XXXiii

9 Appendix D: The ER in HD III-V, Ternary

and Quaternary Semiconductors Under Strong Electric Field . .. 283
DIl INrOdUCHON: -l dysmnamis o 8 65 56 8 8555555 5 55 oo 283
9.2 Theoretical Background. . . .. ....................... 283

9.2.1  The ER Under Strong Electric Field in HD III-V,
Ternary and Quaternary Materials . ............. 283

9.22  The ER in the Presence of Quantizing Magnetic

Field Under Strong Electric Field in HD III-V,

Ternary and Quaternary Materials . ............. 289
9.23  The ER in Ultrathin Films of HD III-V,

Ternary and Quaternary Materials Under Strong

ElectricField. . .. ......... ... ............. 290
9.24  The ER in Accumulation Layers of HD III-V,
Ternary and Quaternary Materials . ............. 291

9.2.5 The ER in Doping Superlattices of HD III-V.

Ternary and Quaternary Materials Under Strong

Bleetric Feld: « « : w5 cmmisie0s s v v s v aenbonnmes 293
9.2.6  The Magneto ER in Effective Mass Superlattices

of HD III-V, Ternary and Quaternary Materials

Under Strong Electric Field. . . .......... ... ... 294
9.2.7  The Electro ER in Ultrathin Films of HD III-V,

Ternary and Quaternary Materials Under Cross

Flelds Configubation . =« sisisiomis & 665 55 5 5 s e o e 296
9.3  Open Research Problems. . ... ...................... 298
RETEIONOE © & & 2 56 458 0 5 20 0000 s emminimioiams ot ot vt o s e o 5 & e 301

Appendix E: The ER for HD III-V, Ternary and Quaternary

Semiconductors Under External Photo-Excitation . . . ... ... . .. 303
IR ntrodnCtioNs: =% 1= = & 5 < <lvls 2 G v & 58 S s 303
102 Theoretical Background. . . ......................... 304

10.2.1  The Formulation of the Electron Dispersion
Law in the Presence of Light Waves in 11I-V,

Ternary and Quaternary Semiconductors . . ... ... .. 304
10.2.2  The ER in the Presence of Light Waves in HD III-V,
Ternary and Quaternary Semiconductors. . .. ... ... 316

10.2.3  The Opto ER Under Magnetic Quantization

in HD III-V, Ternary and Quaternary

Semiconductors . . ... ... ... ... 318
10.2.4  The ER in the Presence of Cross-Field Configuration

Under External Photo-Excitation in HD III-V,

Ternary and Quaternary Semiconductors. . .. ... ... 321
10.2.5 The ER in Ultrathin Films of HD III-V, Ternary

and Quaternary Semiconductors Under

External Photo-Excitation . ... ................ 325




