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The hyperlinks to the video streams in this virtual lecture are marked by the Video Campus Sachsen Logo.      
To watch them you need to be logged on at the host: VCS. Please click on: https://videocampus.sachsen.de/login
select TU-Dresden in the selection mask and than logon with the same ID and password as you use for OPAL or 
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ECD + CMP

Outline

7.6 ALD

http://www.computerhistory.org/siliconengine/timeline/

0.  Introduction/Lab organization/DMA/SCT1/Motivation
1. Process integration

1.MOS Structure, MOS Capacitor
2.Structure of a MOSFET
3.I/V behaviour

2. Circuits in Metal-Gate FET Technology
1.Process sequence of N-MOSFET in Metal Gate
2.From inverter to memory cell
3.SRAM in NMOS Metal Gate
4.The threshold voltage of the MOSFET

1.Parasitic FET
2.Enhancement/Depletion Transistor
3.N-MOS Logic by E/D Transitors
4.Process sequence of the   N-MOS E/D Process

3. Self aligned Process
1.Metal Gate -> Si Gate
2. Channel-Stop & LOCOS Technology

1.Example: Process flow of   E/D SiGate LOCOS Inverter 
2.LOCOS Variation
3.Shallow Trench Isolation

3.Lightly doped drain
4.SALICIDE
5. Self Aligned Contacts (SAC)
6. Resist trimming

4.Transition to CMOS Technology
1.MOS Transistor Types
2.CMOS Inverter

1.Consideration NMOS E/D Inverter
2.Comparison CMOS Inverter

3.CMOS Process flow (Example CMOS 180 nm process)
5. Further Considerations

1.Scaling
1. Challenges
2.Material Equivalent Scaling
3.Further Concepts

L02
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http://www.e-try.com/
L02

http://www.e-try.com/
https://bildungsportal.sachsen.de/opal/auth/BusinessGroup/29483499535/menu/MENU_FOLDER
https://videocampus.sachsen.de/m/2c7ea355960d99d39bf0d98d468069a59c93659eeef59a6ab90987116b5a0b56cb95e63df657e57496290c32c19e22ed17e4bf74e619b81d9cabdc166d4f63f8
https://bildungsportal.sachsen.de/opal/auth/BusinessGroup/29483499535/menu/MENU_FOLDER
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SC - Basics

This chapter is not listed in the outline!

Continue
“SCT_SS20_02.2”  24:59
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https://videocampus.sachsen.de/m/273da2bcc6517001cfdddb620fa2e00ab339426c07eee015d92abf7d97b53cb155163c8dc9cdb157024b8ec9acb07ded71007dbf02d849799fc9f003a558731a
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Energy states of electrons in atoms 

L02
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http://smile.unibw-hamburg.de/smile/toc.htm

Zero
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http://smile.unibw-hamburg.de/smile/toc.htm

Zero

Temp

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
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Origin of bands:

http://ecee.colorado.edu/~bart/book/contents.htmL02
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Origin of bands:

http://ecee.colorado.edu/~bart/book/contents.htmL02

Continue
“SCT_SS20_02.3”  14:17

https://videocampus.sachsen.de/m/b4a40f9aece29e147f9cb06766ed35a0daab989b09ab2a51f183f592344cbd4bc4e15bca64e405c11d5213cceef969c4e208a5b890d64c4a8d8cb25e8bf88b83


Page:   25 © J. W. Bartha 2021   TUD INTERNAL USE ONLY!

Situation of the valence electrons

T=0K

Considering one material 
at different temperatures

L02
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Situation of the valence electrons

T=0K T=low T=higher 

T=very high

Considering one material 
at different temperatures

L02
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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

L02
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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

Insulator Semiconductor

Metal

Intrinsic carrier concentration 
for Si at RT is ~ 1·1010 1/cm3

To compare: The atomic density 
of Si is      5·1022 1/cm3
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Electrical conductivity and bandgap

http://ecee.colorado.edu/~bart/book/contents.htm
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Electrical conductivity and bandgap

http://ecee.colorado.edu/~bart/book/contents.htm
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Continue
“SCT_SS20_02.4”  17:58

https://videocampus.sachsen.de/m/2fe84079ba2e8fbd7efd0252a964854587d8b477d14c47360b5c2c638608b093361251bc79fc76f39f4947bc844c8cf87102f05c8d95eeacd25323db5fc631dd
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Occupation of states vs. temperature for metal

L02
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Occupation of states vs. temperature for metal

Fermi
Distribution function

L02
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Occupation of states vs. temperature for metal

Fermi
Distribution function

Fermi energy Ef = energy at which 
occupation probability is 0.5

L02
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Occupation of states vs. temperature for Semiconductors
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Group:  I   II      Transition      III   IV   V   VI   VII   VIII

Periodic Table

L02
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Group III to V

Substitutional
element in the
silicon lattice:

Boron

(one electron
less than Si)

Substitutional
element in the
silicon lattice:

Phosphorus
Arsenic
Antimon

(one electron
more than Si)

III    IV      V

L02
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Doping

Taken from:
https://www.youtube.com/watch?v=JBtEckh3L9Q&t=4s

L02

https://www.youtube.com/watch?v=JBtEckh3L9Q&t=4s
https://bildungsportal.sachsen.de/magma/mediapreview/515a1a500991e5e7b318e80b90e6ecadbe3db065?from=c049f0ed7837492ccabff5ab7d2fddfca413d96e
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Doping

P – type n – type 
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Doping

P – type n – type 

L02

Continue
“SCT_SS20_02.5”  13:41

https://videocampus.sachsen.de/m/ddc72bea2de5f280ddf8a6ba7e7d1cf2abcc30ace50f031dfeea4f823dbe8221d46b56c7a461e9263d2fc02ef1004dfabd145371976c501861c3f4ac1722ddcb


Page:   52 © J. W. Bartha 2021   TUD INTERNAL USE ONLY!

Occupation of states for a metal

Fermi
Distribution function

L02
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Occupation of states for a metal

Fermi
Distribution function

Parameter:
Fermi-Level
Energy at which 
occupation 
probability = 0,5

L02
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http://ecee.colorado.edu/~bart/book/contents.htm

Parameter:
Temperature

Occupation of states for a metal

Fermi
Distribution function

Parameter:
Fermi-Level
Energy at which 
occupation 
probability = 0,5

L02

https://nanohub.org/resources/8822
https://nanohub.org/resources/8822


Page:   55 © J. W. Bartha 2021   TUD INTERNAL USE ONLY!

Doping and Fermi level for a semiconductor

intrinsic p=n

Where do we locate the Fermi level?

L02
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Doping and Fermi level for a semiconductor

intrinsic p=n

Where do we locate the Fermi level?

For intrinsic Si it must be in the middle of the bandgap!

L02
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Doping and Fermi level for a semiconductor

n-doped

p-doped

intrinsic

p=n

p>>n

p<<n

Product of
hole concentration
times
electron concentration
is a constant: p•n=ni

2
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Doping and Fermi level for a semiconductor
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But where do we locate Ef on the E scale  Continue 
“SCT_SS20_02.6”  11:30

https://videocampus.sachsen.de/m/40c023e16944e52f401e8b0a933b3d482e05d9de2c6fe0e8cf5ec74a3d5e82cf8e64391ff24426c402f820ad66caf335a53a06fdc40d841c8eaa9ebae600c537
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Reminder: 
Energy states of electrons in atoms

O.K. Fermi level relative to band edges, 
but where on an absolute scale?
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Reminder: 
Energy states of electrons in atoms

O.K. Fermi level relative to band edges, 
but where on an absolute scale?

Strongest bonded state 1

Weaker bonded state 2

Very weakly bonded state 
large # n

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 occupied state and zero 
is called ionization potential.

L02
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Energy states of electrons in solids 
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Energy states of electrons in solids 

Na
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Energy states of electrons in solids 

Binding energy 0 corresponds to the point 
at which the electron is released. For a solid
this is named Vacuum Level

Na

L02
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work function (German: Austrittsarbeit)

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

For a metal:
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How about conduction Continue 
“SCT_SS20_02.7”  4:39

https://videocampus.sachsen.de/m/da9c335d9dcca4ae9b2fa6ac7739651a71324fb435a35e1f0e2bba2d343991c326dd745a6695773d4b8bcad5c0276df36aafce5ac2af5d92d29f665477725a4a
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Conduction in an intrinsic semiconductor:
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Conduction in an extrinsic semiconductor:

n- conduction
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Conduction in an extrinsic semiconductor:

p- conduction
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Si - Resistivity vs. doping

L02

And now the p/n junction

Continue 
“SCT_SS20_02.8”  15:24

https://videocampus.sachsen.de/m/b4d55ece50317d924334ffa1954af258ddaf8893db02f5a12a48a4ba1922c52f43b059e8951be467a9ab5ab51f6d729a1d1876490afb641932a028ea33ce2b91
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Si - Resistivity vs. doping

p- conduction

n- conduction

L02

And now the p/n junction

Continue 
“SCT_SS20_02.8”  15:24

https://videocampus.sachsen.de/m/b4d55ece50317d924334ffa1954af258ddaf8893db02f5a12a48a4ba1922c52f43b059e8951be467a9ab5ab51f6d729a1d1876490afb641932a028ea33ce2b91
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p/n junction
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p/n junction

Taken from:
https://www.youtube.com/watch?v=JBtEckh3L9Q&t=4s
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https://www.youtube.com/watch?v=JBtEckh3L9Q&t=4s
https://videocampus.sachsen.de/m/8467638e3dda2735fcefc7d21c3b8d65da1f0f88e1f7da753f36c3795231357a137237422fedfabe3492f17f3fb51a5b87d6f74245ca91df16bf30011cae0555
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p/n junction

I

n p

From:
Sima Dimitrijev, Understanding Semiconductor,Oxford University Press 2000

L02
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End of the chapter on 
semiconductor basics!

L02
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