
Credits: 5 ECTS
Lecture hours: 36  h
Exercise hours: 11 x 2 h

Lecturer: Tapio Rantala, prof., SG219
Tapio.Rantala@tut.fi
http://www.tut.fi/~trantala/opetus

Exercises: Jussi-Pekka Penttinen, SL312
Jussi-Pekka.2.Penttinen@tut.fi

Time and place: Tue  13 – 15  SG312 Lecture  (I ja II)
Wed 12 – 14  SG312 Lecture  (I ja II)
Fri    12 – 14  SG312 Harj.       (I ja II)

Text book: Ben G. Streetman ja S. Banerjee,
Solid state electronic devices
(luvut 1 – 5, 8 )

Prerequisites: Basic physics,
some solid state physics

Examination: week 51, (Tue)   18.12.2012
week   5, (Mon)  28.01.2013
week 11, (Tue)   12.03.2013
Intermediate exams: ?

BST, fall 2012       i

FYS-6106 BASIC SEMICONDUCTOR
TECHNOLOGY

SCHEDULE, fall 2012
BST, fall 2012    ii

WEEK

35 Tue
Wed

Lecture

—
— Fr i

Exercise Notes!

36 Tue
Wed

37 Tue
Wed

38 Tue
Wed

39 Tue
Wed

1 – 2
3 – 4 Fr i
5 – 6
7 – 8 Fr i 1

9 – 10
11 – 12 Fr i

13 – 14 Fr i

2

3
40 Tue

Wed
41 Tue

Wed
42

43 Tue
Wed

—
15 – 16 Fr i
17 – 18

Fr i

4

5

19 – 20
21 – 22 Fr i

Exam
week

6
44 Tue

Wed
45 Tue

Wed
46 Tue

Wed
47 Tue

Wed

23 – 24 Fr i
25 – 26
27 – 28 Fr i

7

8
29 – 30
31 – 32 Fr i
33 – 34
35 – 36 Fr i

9

10
48 Tue

Wed
49 Tue

Wed
50

51

— Fr i 11

Exam 18.12. Tue

Exam
week

  D
ec

em
be

r  
|  

   
   

   
No

ve
m

be
r  

   
   

 | 
   

   
   

   
O

ct
ob

er
   

   
   

   
   

 | 
   

   
 S

ep
te

m
be

r  
   

   
  |

  A
ug

us
t



PTP, sl 2012    iii

CONTENTS
1. Growth of semiconductor crystals  .....  1

1.1. SEMICONDUCTOR MATERIALS  ...............................  2
1.2. CRYSTAL LATTICES  ..................................................  3
  1.2.1. Periodic Structures  .................................................  3
  1.2.2. Cubic Lattices  .........................................................  4
  1.2.3. Crystal Planes and Directions  .................................  5
  1.2.4. Diamond Lattice  ......................................................  6
1.3. BULK CRYSTAL GROWTH  ........................................  7
  1.3.1. Materials  .................................................................  7
  1.3.2. Growth of Single Crystal Ingots  ..............................  7
  1.3.3. Wafers  ....................................................................  8
  1.3.4. Doping  ....................................................................  8
1.4. EPITAXIAL GROWTH  .................................................  9
  1.4.1. Lattice Matching in Epitaxial Growth  .......................  9
  1.4.2. Vapor-Phase Epitaxy  ............................................  11
  1.4.3. Molecular Beam Epitaxy  .......................................  11

2. Atoms and Electrons  .................................  13
2.1. INTRODUCTION  .......................................................  13
2.2. EXPERIMENTAL OBSERVATIONS  ..........................  14
  2.2.1. Photoelectric Effect  ...............................................  14
  2.2.2. Atomic Spectra  .....................................................  15
2.3. BOHR MODEL  ...........................................................  15
2.4. QUANTUM MECHANICS  ..........................................  17

2.4.1. Probability and Uncertainty Principle  ..................  17
2.4.2. Schrödinger Wave Equation  ...............................  18
2.4.3. Potential Well Problem  ........................................  20
2.4.4. Tunneling  ............................................................  21

2.5. ATOMIC STRUCTURE  ..............................................  22
2.5.1. Hydrogen Atom  ...................................................  22
2.5.2. Periodic Table of Elements  .................................  23
3. Energy bands and charge carriers
    in semiconductors  ......................................  25

3.1. COHESION AND BAND STRUCTURE  .....................  25
3.1.1. Cohesion of Solids  ..............................................  25
3.1.2. Energy Bands of Electrons  .................................  27


