
Emerging 
Nanoelectronic 
Devices 
Aaron Alfonso 



Emerging 
N anoelectronic Devices 

Aaron Alfonso 

7enus Books 
[Publishers & Distributors I 

NEW DELHI (INDIA) 



Contents 

Preface v 

1. lntroouction 1 
Conduction in Semiconducting Devices 1 
Physics of Semiconductors 5 
Semiconductor Device 12 
Conduction in Semiconductors 24 

2. FundrunentalsonNanoelectronics 29 
Unipolar Junction Devices 29 
Unijunction Transistor 30 
Unijunction Transistor Symbol and Construction 34 
Field Effect Transistors 40 
Other Unipolar Junctions 42 
UJT Relaxation Oscillator 48 

3. Advanced Material and Combinations 54 
Introduction 54 
Energy Bands in Solids 55 
Different Energy Bands of Solids 58 
Electronic Band Structure 63 
Density-functional Theory 77 

4. Devices in Nano Era 84 
Application of Semiconducting Devices 84 
Semiconductor Devices and Circuits, Applications 85 
Medical Semiconductor Market and Applications 88 
Automation 96 
Electronic Design Automation 106 



Contents viii 

5. Sernioonductor l\fa.nufa.cturing 111 
Bipolar Junction Devices 111 
History 122 
Bipolar Power Devices 130 

6. Circuit Design in Nano Era 135 
Junction Diode 135 
p-n junction 159 
Characteristics of Junction Diodes 165 
P-N Junction Diode Applications 169 

7. Nanoelectronic Sectors: Emerging Challenges 171 
Sensors 171 
Classification of Measurement Errors 172 
Chemical Sensor 17 4 
Biosensor. .. 1 79 
Actuator 196 
Data Acquisition 201 
Data Logger 204 
Image Sensor 206 
Machine Olfaction 210 
Nanoelectronics 215 
Nanosensor 219 
Sensing Floor 224 
Wireless Sensor Network 224 
Special Semiconducting Devices 232 
Silicon Controlled Rectifiers 233 
Unijunction Transistors 245 
Power Semiconductor Devices 261 
Bibliography 269 
Index 271 



Index 

A E 
Acid Interactions; 182. 
Advanced Material; 54. 
Aesthetics Segment; 96. 

B 
Band Diagrams; 83. 
Band Gaps Occur; 64. 
Band Structure; 63, 65, 68, 71. 
Basic Concepts; 65. 
Binding Proteins; 181, 187. 
Binding Receptors; 182. 
Biosensor System; 180. 
Bipolar Junction Devices; 111. 
Bipolar Transistors; 123. 
Breakdown Region; 120, 183. 

C 

Chemical Sensor; 174, 176. 
Circuit Design; 135. 
Component Identifiers; 16. 
Controlled Switch; 261, 268. 

D 

Darlington Transistors; 131. 
Data Acquisition; 201, 202. 
Design Automation; 106, 108. 
Design Choice; 94. 
Device Drivers; 203. 
Diode Applications; 169. 
Dynamic Performance; 264. 

Economic Impacts; 223 .. 
Emerging Challenges; 171. 
Energy Bands; 5, 55, 57, 58, 60, 

61, 62, 63. 
Energy Production; 218. 
Exclusion Principle; 55, 64. 
Existing Examples; 221. 

F 
Fluid Flow; 213. 
Food Analysis; 194. 
Forbidden Gap; 58. 
Future Directions; 205. 

H 

High Speed Digital Logic; 128. 
Highway Systems; 103. 
Home Automation; 103. 
Hydraulic; 197, 200. 

Including Quantization; 46. 
Industrial Automation; 104. 
Ion Channel Switch; 186. 

J 
Junction Diodes; 142, 165. 

L 
Laboratory Automation; 104. 

Z 



272 Emerging Nanoelectronlc Devices 

Linear Conversion; 200. 
Logarithmic Converters; 129. 
Logic Gates; 156. 

M 
Machine Olfaction; 210. 
Magnetic Fields; 79. 
Manufacturing Preparation; 110. 
Medical Diagnostics; 219. 
Microbial Biosensors; 194. 
Mott Insulators; 82. 

N 
Nano Era; 84, 135. 
Nanomaterials Electronics; 215. 

0 
Ophthalmic Segment; 95. 

p 

s 

Performance Metrics; 201. 
Power Conversion; 155. 
Predicted Applications; 219. 

Q 

Quantum Computers; 218. 

R 
Radio Demodulation; 155. 
Recovery Transient; 266. 
Related Devices; 154. 
Relaxation Oscillator; 36, 37, 48, 

248. 
Reverse Bias; 144, 164, 168. 

Sample Separation; 177. 
Semiconducting Devices; 1, 84, 

232. 
Semiconductor Device; 12, 14, 15, 

16, 85, 86, 87, 261. 
Semiconductor Devices; 15, 85, 86, 

87, 99, 100, 261, 268. 
Sensor Network; 224, 226, 231. 
Soft Actuators; 198. 
Specialty Sensors; 209. 
State Abstraction; 98. 
Static Switches; 262, 263. 
Structure Theory; 65. 

T 

Toxic Chemicals; 179. 
Turnaround Time; 101. 

u 
Unijunction Transistor; 30, 31, 34, 

35, 36, 37, 38, 39, 40, 245. 
Unipolar Junctions; 42. 

V 
Vacuum Tube Diodes; 138. 
Valence Band; 55, 56, 58, 71. 
Video Surveillance; 102. 

w 
Waste Management; 103. 
Waveform Clipper; 158. 
Without Quantization; 46, 47, 


