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EVAPORATION



What is evaporation?
• Material to be evaporated is heated to 

increase vapor pressure
• In a reasonably high vacuum, material 

atoms fly to a target and stick onto the 
surface

• Source material is coated onto the target 
surface



Vapor pressures

at their melting points (approx., in torr): 

Gallium (essentially zero; too low to measure) 
Tin (less than 1e-11 torr) 
Indium (less than 1e-11 torr) 
Lithium 1e-10
Bismuth 2e-10 
Lanthanum 3e-10 
Aluminum 2e-9 
Lead 3e-9 
Uranium 1e-8 
Sodium 1e-7 
Mercury 2e-6

Chromium 5 
Magnesium 2 
Manganese 1 
Zinc 1e-1 
Iron 2e-2 
Titanium 3e-3 
Nickel 2e-3 
Copper 3e-4 











Physical vapor deposition (PVD): 
thermal evaporation

Heat Sources Advantages Disadvantages
Resistance No radiation Contamination
e-beam Low contamination Radiation
RF No radiation Contamination
Laser No radiation, low

contamination
Expensive

N = No exp- Φe
kT

6

The number of molecules
leaving a unit area of evaporant
per second 



E-beam evaporation



Physical vapor deposition (PVD): thermal 
evaporation
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Evaporant container 
with orifice diameter DD

Arbitrary 
surface element

1-exp (+d/ λ)

Kn = λ/D > 1

A ~  cosβ cos θ/d2

N (molecules/unit area/unit time) =
3. 513. 1022Pv(T)/ (MT)1/2

The cosine law

This is the relation between vapor pressure of
the evaporant and the evaporation rate. If a high 
vacuum is established, most molecules/atoms will reach
the substrate without intervening collisions. Atoms and
molecules flow through the orifice in a single straight 
track,or we have free molecular flow : 

The fraction of particles scattered by collisions 
with atoms of residual gas is proportional to: 

The source-to-wafer distance must be smaler than the mean free path (e.g, 25 to 70 cm)



Physical vapor deposition (PVD): thermal 
evaporation  
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t1/t2=cosβ1/cosβ2

λ = (πRT/2M)1/2 η/PT

From kinetic theory the mean free path relates
to the total pressure as: 

Since the thickness of the deposited film, t, is proportional
To the cos β, the ratio of the film thickness shown in the 
Figure on the right with θ = 0° is given as: 



Advantages

• High film deposition rates; 
• Less substrate surface damage from impinging atoms as the film is 
being formed, unlike sputtering that induces more damage because it 
involves high-energy particles; 
• Excellent purity of the film because of the high vacuum condition used 
by evaporation; 
• Less tendency for unintentional substrate heating.

Disadvantages

1) more difficult control of film composition than sputtering;
2) absence of capability to do in situ cleaning of substrate surfaces, which 

is possible in sputter deposition systems; 
3) step coverage is more difficult to improve by evaporation than by 

sputtering; 
4) x-ray damage caused by electron beam evaporation can occur.









Non-Conformal Coatings

• Due to line-of-sight evaporation, sidewalls 
will not be coated as thick as the surface 
faces.

Intentional shadowing



Shadow evaporation
• Routinely used for nanoelectronics

fabrication

The pictures show shadow-masks for 
niobium rings containing a Josephson-
junction, prior to evaporation. The metals 
are evaporated under different angles 
without breaking the vacuum. The mask 
consists of Germanium while the 
sacrificial layer is made of high-
temperatur capable plastic (polyether 
sulphone).






