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Semiconductor devices are
- manufactured using a precise, but
repetitive process. The process begins
with a thin slice of silicon, called a
wafer. Many devices are constructed
on each wafer, and are later separated

and packaged. These processes take
place in a highly-filtered cleanroom.

Wafer Side View Wafer Top View
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Temporary occupation
of states depends on

temperature
3/2kT(RT)=25meV
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Interaction of atoms causes splitting of energy states
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Transition from states in atoms to bands in solids

http://smile.unibw-hamburg.de/smile/toc.htm
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Considering one material
at different temperatures
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Or fixing T at
room emperature
(~300K) and

considering
different kind of
materials with
different binding
energies of the
valence electrons
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Electrical conductivity and bandgap

Conduction
band

Valence
band

Idetal semiconductor  Insulator
a) b) c) d)
Possible energy band diagrams of a crystal. Shown are. a) a half filled band. b) two

overlapping bands. ¢) an almost full band separated by a small bandgap from an almost
empty band and d) a full band and an empty band separated by a large bandgap

http://ecee.colorado.edu/~bart/book/contents.htm
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Conduction
band
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band

Idetal semiconductor  Insulator
a) b) c) d)
Possible energy band diagrams of a crystal. Shown are. a) a half filled band. b) two

overlapping bands. ¢) an almost full band separated by a small bandgap from an almost
empty band and d) a full band and an empty band separated by a large bandgap
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Fermi
Distribution function

(E-E, )ikl

Fermi energy E; = energy at which
occupation probability is 0.5
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Fermi
Distribution function

S &= —G557r

Parameter:

Fermi-Level =
Energy at which
occupation

probability = 0,5
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Parameter:

Fermi
Temperature m

Distribution function

Result | Occupation Function
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S &= —G557r

Image generated with Carrier Statistics tool on naneHUB arg
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2
% ‘\
&
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J 1§ Fermi-Level =~

A Energy at which
14 resulls  Parameters Clear occupaT'on

Simulation = #1 pl"ObilllTY = 0,5
m”lzm(x)-so& !
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Where do we locate the Fermi level?

intrinsic  [P=N
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Where do we locate the Fermi level?

intrinsic  [P=N

.ll.llll|'|ll||

II'IW mg " e B g m " AT = "am

15 1 Fm

For intrinsic Si it must be in the middle of the bandgap!
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gggg‘;,’;syﬂ Doping and Fermi level for a semiconductor
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gg,‘gg%’;s,r“ Doping and Fermi level for a semiconductor

n-doped
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iIntrinsic iy
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gg,‘gg%’;s,r“ Doping and Fermi level for a semiconductor
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n-doped
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Doping and Fermi level for a semiconductor

iIntrinsic
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Doping and Fermi level for a semiconductor

iIntrinsic
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Doping and Fermi level for a semiconductor

iIntrinsic
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Doping and Fermi level for a semiconductor

iIntrinsic
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Doping and Fermi level for a semiconductor

intrinsic
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llll_n 'Ilil
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(L) universimar Doping and Fermi level for a semiconductor

llll_n 'Ilil

n-doped

i b e B o g S e e St ot

il |
Wi | \ p<<n
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» ¥

p=n
N o

ProodUCT Of My e ETE TR " p-doped
hole concentration \ ! S

times R L p>>n
. i A
electron concentration »

is a constant: pn=n;? " "“”"\“"‘*"“’

But where do we locate E; on the E scale Continue Te :
"SCT_$520_02.6" 11:30 \ }:
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O.K. Fermi level relative to band edges,
but where on an absolute scale?

Reminder:

Energy states of electrons in atoms
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55?5'.:".4?.‘%’%? O.K. Fermi level relative to band edges,
DRESDEN but where on an absolute scale?

Reminder:
Energy states of electrons in atoms

L b b kb b Le B

i

-10
020 @
-1

=12 sichibar

Strongest bonded state 1 =) s o
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55?5'.:".4?.‘%’%? O.K. Fermi level relative to band edges,
DRESDEN but where on an absolute scale?

Reminder:
Energy states of electrons in atoms

L b b kb b Le B

i

Weaker bonded state 2 =) .& e

11
-12 sichibar

Strongest bonded state 1 =) s o
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ﬂﬁ?J'e"R'éﬁ'i's? O.K. Fermi level relative to band edges,
DRESDEN but where on an absolute scale?

Reminder:
Energy states of electrons in atoms

Very weakly bonded state
large # n

=

L b b kb b Le B

i

Weaker bonded state 2 =) .& e

11
-12 sichibar

Strongest bonded state 1 =) s o
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ﬂﬁfys"n'éﬁ'i's? O.K. Fermi level relative to band edges,
DRESDEN but where on an absolute scale?

Reminder:
Energy states of electrons in atoms

Conveniently the energy between the loosest bonded state and the next

energy above at which an electron is released is used as zero point on the
scale. The Energy difference between the highest
is called ionization potential.

cupied state and zero

L b b kb b Le B

Dn:-

Weaker bonded state 2 =)

LB
&

"
- =k
T

La

Strongest bonded state 1 =) L=
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Wiesit  Energy states of electrons in solids

ay

Energy bands for diamond versus lattice constant
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Wiesit  Energy states of electrons in solids

Formation of Energy Bands in Solids

https:iwww.slideserve.comijanusisolids-and-semiconductor-devices-i

Energy
\\\\\\\\\\\\*\\\
| ConductionBand | " — 3
Forbidden Energy Gap ' B 352
> .—.—.—.—‘—.— 2p5 lon
S>— P 2s? core
& o 182 state
0 a b c¢ d Inter atomic s;pacing (r)
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Energy states of electrons in solids

Formation of Energy Bands in Solids

https:iwww.slideserve.comijanusisolids-and-semiconductor-devices-i
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Wiesit  Energy states of electrons in solids

Binding energy O corresponds to the point == T
at which the electron is released. For a solid Y ST
this is named Vacuum Level

=10 F

Formation of Energy Bands in Solids

https:iwww.slideserve.comijanusisolids-and-semiconductor-devices-i

EnEI’gy Observed internuclear distance
: :
S Ao, B &
T RITIIeres mprerereron P B
Forbidden Energy Gap ' o— PR 3s2
Na
> .—.—.—.—.—.— 2p°© lon
> PR 2s? cor
3 sz | sta -
0 a b c¢ d Inter atomic spacing (| 5
0 0.367 0.5 10 15

Intermuclear disrance ,nm
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(o= work function (German: Austrittsarbeit)

DRESDEN

The work function is the energy required to release an electron from a solid
For a metal:

vacuum level
A

work
function @

. S EF
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(Wuesme  work function (German: Austrittsarbeit)

DRESDEN

The work function is the energy required to release an electron from a solid

For a metal:

vacuum level
A

work
function @

. S EF
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For a Semiconductor:
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conduction
work bands
function @

valence
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G umverste  work function (German: Austrittsarbeit)

DRESDEN

The work function is the energy required to release an electron from a solid

For a metal: For a Semiconductor:
vacuum level vacuum level
A A
conduction
work work bands
function @ function @
| Sttt N CBM
. — Ep Ak s
Eg
------------ VBM
valence
bands

How about conduction Continue |:> VIDEO P |
"SCT_5520_02.7" 4:39 CAMPUS
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Conduction in an intrinsic semiconductor:
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Guiess  Conduction in an extrinsic semiconductor:

n- conduction

B
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unversiiat - Conduction in an extrinsic semiconductor:

p- conduction
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Si - Resistivity vs. doping

4=
1x10 TN T T T TPy Ty T Ty T IOy T Ty T T TTE
xi0™ & =
110 = =
x10” = =
5 .[ ]
o 0 E =
Fy — -
: | —
] 41
E 110 g Phosphorus ?
10’ = E
x10” = =
110" = =
And now the p/n junction — v Lo o sl s o L =
. A S A 11 T 1T T A T AT ST
Conflnue |:> VIDEO ’ | fxta 11 13 15 17 19 #
) ) CAMPUS 1x10 1x10 1x10 1x10 %10 1x10
SCT_S520_02.8" 15:24 il Impurity concentration (cm™)
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() Risens Si - Resistivity vs. doping

DRESDEN

1x10"

Illllﬂ] IIII[H! Illllﬂ] IIIIHI] IIII[H! Illllﬂ] IIIIHI] IIII[H! Illllﬂ] AL

1x10*
e p- conduction
1x10°%

110

1x10*

Resisfvity ({1-cm)

Phosphorus

110’

n- conduction

110
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And now the p/n junction

Continue |:> VIDEO > ;

"SCT_5520_02.8" 15:24 CA,I\QPIUS =

E L

vero utuud ool v oo ool ool o ok

110" 1x10™ 1x10™ 1x10"" 1x10™ 1x10
Impurity concentration {::mJ]
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R p/n junction

CEIN-R IR s e
CEIE I IR S Ee e e
CEIN-FI IR I |
CEIN-R IR e
CERERC R S ee e
CEIE I IR S Ee e e
CEIN-FI IR I |
CEIN-R IR e
LR IR -
p-type n-type
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(W) s o/n junction

Taken from:
https://www.youtube.com/watch?v=JBtEckh3L9Q&t=4s
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TECHNISCI_;E . ]
(W) e p/n junction
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From: 0
Sima Dimitrijev, Understanding Semiconductor,Oxford University Press 2000
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End of the chapter on
semiconductor basicsl!
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W

»Wissen schafft Briicken.«
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