
Cleaning

Wafer cleaning is about 30% of all processes.

Particles  - brushes, water jets, shockwaves
cause: lithography defects, pinholes, shorts 

Organics - peroxide, O2 plasma
hydrophobic (inhibits water cleaning)
residues keep subsequent layers from sticking

Metals - Acids (HCl–H2O2 and H2SO4–H2O2)
Oxide - HF



Clean rooms

Filtered air to remove particles
Overpressure maintained to blow dirt out
Controlled temperature and humidity

Important to make processes reproducible

http://www.cleanroominnovation.com

Fransila



Particles

The concentration of particles increases exponentially as their size decreases.

Fransila

Flakes from chamber walls
Wear of mechanical parts



Foup (Front Opening Universal Pod)

https://www.shinpoly.co.jp/business/seimitsu/300gt/index.html



Wafer handling






https://www.youtube.com/watch?v=-KTKg0Y1snQ

Wafer transport






Foup cleaning






Cleaning

Wafer cleaning is a critical function that must be 
repeated many times during semiconductor 
manufacturing.

Villach/Austria is the global centre for the development and production of all 
single-wafer spin technology products for back- and front- end-of-line 
(BEOL/FEOL) cleaning, etching and stripping applications.



Photoresist strip

http://www.lamresearch.com/products/strip-clean-products

Strip processes remove photoresist material after it has served to 
“protect” certain areas of the wafer surface from being altered.

Chemistry and fluid mechanics are important. 



http://en.wikipedia.org/wiki/Contact_angle

Contact angle



Dry cleaning

Etching using plasmas or gases
Can be used in a MBE or CVD chamber
Ozone/UV for organics
HF vapors for oxide
Cl2 for metals
Ar milling/sputter cleaning for anything 



Drying

DI water -> IPA -> Blow dry N2



Add donors (n-type) or acceptors (p-type)
1012 cm-3 impurity limit
1021 cm-3 solubility limit

Doping

Dopants added 
during crystal growth (whole wafer)
neutron transmutation (whole wafer)
during epitaxy (layers)
diffusion (local)
ion implantation (local)

Institute of Solid State Physics
Technische Universität Graz





Doping determines the carrier concentration

http://lamp.tu-graz.ac.at/~hadley/psd/L4/eftplot.html



images from wikipedia

Czochralski Process

add dopants to the melt

Crystal growth



Neutron transmutation

30Si + n → 31Si + γ
31Si → 31P + β

image from wikipedia

Float zone Process

Crystal growth



image from wikipedia

Chemical vapor deposition

Epitaxial silicon CVD SiH4 (silane) or  SiH2Cl2 (dichlorosilane)
PH3 (phosphine) for n-doping or B2H6 (diborane) for p-doping.

The doping can be adjusted in layers.



http://www.microfab.de/foundry/services/diffusion/index.html

Gas phase diffusion

AsH3 (Arsine) or PH3 (phosphine) for n-doping 
B2H6 (diborane) for p-doping.
100 - 200 wafers in a batch.



Gas phase diffusion

900 − 1200 C
1000 C for 1 hour ~ 1 µm

Fransila
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The concentration decreases about linearly

Constant Source Diffusion
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Limited Source Diffusion
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Diffusion is thermally activated
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Diffusion length

For P diffusion, 1 h, at 1200 T = 1473 K
L = 1.3 µm



Diffusion

Interstitials and 
vacancies diffuse 
quickly and assist the 
dopants.

BH3 diffuses faster than 
B.

Diffusion depends on 
doping concentration.



Solid solubility limits
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Predeposition/Drive-in

Predeposition process
spin-on glass
ion implantation
constant source diffusion

Drive-in process
limited source diffusion

Oxide diffusion mask ~ 500 nm

SiO2SiO2



Patterned dopant regions
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Ion implantation

X-rays are generated



Ion implantation

More accurate control of concentration
Better lateral confinement
Low temperature
Complex profiles through multiple implantations
Less sensitive to surface preparation
Requires an anneal to eliminate damage and activate dopants
Dopants diffuse during the anneal
Possible to implant above the solubility limit

http://slideplayer.com/slide/2412041/



Photoresist, oxide, or 
nitride. Should be 
thicker than projected 
range. High doses burn 
the photoresist on and 
make it hard to remove.

Most dopants are at the projected range Rp.

Ion implantation



Ion implantation





http://www.appliedmaterials.com/products/vantage-radianceplus-rtp

Rapid thermal anneal (RTA)



Channeling

Ions travel deep into the crystal when the beam is aligned with a crystal 
axis. Implantation is often done at 7  off-axis to avoid channeling. 

o





http://www.ion-beam-services.com/services2.htm

Plasma immersion ion implantation

Flat panel displays and solar panels.
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