
# Dates Title Exercise (1=easy,	
10=hard) Tasks

1 22.2 Introduction VESTA	 2-3 Read	Chap.	1

2 01.3 Crystal	structures Daniel	- info 4 Read	Chap.	2,	Ex.	1

3 08.03 Reciprocal	space Discuss Ex.	1 6 Read	Chap.	2,	Ex.	2

4 15.03 Scattering	Theory Discuss Ex.	2 8-9 Read	Chap.	3,	Ex.	3

5 22.03 Crystal	bindings Discuss Ex.	3 5 Read Chap.	4,	Ex.	4

6 29.03 Phonons	 Discuss Ex.	4 5-6 Read Chap.	5,	Ex.	5

7 05.04 Thermal properties Discuss Ex.	5 5-6 Read Chap.	6,	Ex.	6

8 12.04 Electron gasses,	Cel Discuss Ex.	6 5-6 Read Chap.	7,	Ex.	7

-- 19.04 EASTER	HOLIDAY ------------------- 0 RECAP
9 26.04 Electronic	band	struc. Discuss Ex.	7 5-6 Read Chap.	8,	Ex.	8

10 03.05 Semi-conductors Discuss Ex.	8 6 Read Chap.	9,	Ex.	9

11 10.05 Fermi	surfaces	&	Metals	- I Discuss Ex.	9 8 Read Chap.	9,	Ex.	10

12 17.05 Fermi	surfaces	&	Metals	- II Discuss Ex.	10 8 Read Chap.	9,	Ex.	11

13 24.05 Guest	lecture Discuss Ex.	11 --

14 31.05 Repetition 4



# Dates Title Tasks

10 03.05 Semi-conductors
Read Chap.	6:	Motion	in	magnetic	fields	p.	163-167

Read Chap.	9:	Introduction	to	Fermi	surfaces	p.	235-244
Read Chap.	9:	Experimental	methods	in	FS	studies		p.	255-265

11 10.05 Fermi	surfaces	&	Metals	- I Read Chap.	9:	Experimental	methods	in	FS	studies		p.	255-265

12 17.05 Fermi	surfaces	&	Metals	- II Read Chap.	9	:	Calculation	of	energy	bands	244	-255
(Perhaps	an extra	exercise)

13 24.05 Guest	lecture

14 31.05 Repetition



Metals	&	Insulators



Metals	and	insulators:	Resistivity



Semimetals	&	Semiconductors



Semimetals	&	Semiconductors



Valence	and	conduction	band

EF



Direct	and	indirect	gap



5.2 Symmetry of f(E) around EF

It can easily be shown that
f(EF + E) = 1� f(EF � E) (10)

5.3 Fermi Level in Intrinsic and Extrinsic Semiconductors

In an intrinsic semiconductor, n = p. If we use the band-symmetry approximation, which assumes that
there are equal number of states in equal-sized energy bands at the edges of the conduction and valence
bands, n = p implies that there is an equal chance of finding an electron at the conduction band edge as
there is of finding a hole at the valence band edge:

f(EC) = 1� f(EV ) (11)

From Eqn. 10 we can deduce that the Fermi level EF must be in the middle of the bandgap for an
intrinsic semiconductor, as seen in Figure 4. In fact, this level is called the “intrinsic Fermi level” and
shown by Ei:

Ei = EC � Eg/2 = EV + Eg/2 (12)

where Eg is the bandgap energy.
For an n-type semiconductor, there are more electrons in the conduction band than there are holes in

the valence band. This also implies that the probability of finding an electron near the conduction band
edge is larger than the probability of finding a hole at the valence band edge. Therefore, the Fermi level is
closer to the conduction band in an n-type semiconductor:

Figure 4:
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Semiconductor	gaps	versus	kBT





Semiconductor	gaps



Electronic	masses

Reading	Kittel	carefully,	
following	notation	is	adopted.	
m	=	is	the	free	electron	mass.
me	=	effective	crystal	electron	mass



Conduction	Electron	Concentration



Electronic	mobility



n- and	p-type	semiconductors



Doping	– Performance	Enhancement



Semiconductor	Materials

Diamond-type	semiconductors

III	– V	compounds	(GaAs,	InSb)



Hole	- doping

Si4+

B3+ From	Kittel



From	Kittel

Electron	- doping

Si4+

As5+



Concluding	quiz

Does	a	semiconductor	have	a	Fermi	surface?	(yes/no)

Does	a	semimetal	have	a	Fermi	surface?	(yes/no)




