
Deposition



Lecture Day 2 Deposition

PVD - Physical Vapor Deposition
E-beam Evaporation
Thermal Evaporation (wire feed vs boat)
Sputtering

CVD - Chemical Vapor Deposition
PECVD
LPCVD
MVD
ALD
MBE

Plating
Parylene Coating
Vacuum Systems, pumps and support equipment
Differences, Pros and Cons for depositing various materials



Physical vs. Chemical



Deposition
Metallization - depositing metal layers or thin films 

- E-beam & Thermal Evaporation, Sputtering, Plating
- Contact layer, mask/protection layer, interface layers

Dielectric Deposition - depositing dielectric layers or thin films

    -CVD, e-beam, sputtering
    - insulating/capacitor layer, mask/protecting layer, interface layers

*Dielectric = an electrical insulator that can be polarized by an applied electric field.
~energy storing capacity → capacitor





Environment of the Deposition
*Cleanroom is not enough!  Must also be in vacuum!















Purity of the deposited film depends on the quality of the 
vacuum, and on the purity of the source material.





















Cryo pumps









Any evaporation system includes a vacuum pump. It also includes an energy source that evaporates the material to be deposited. Many 
different energy sources exist:

● In the thermal method, metal material (in the form of wire, pellets, shot) is fed onto heated semimetal (ceramic) evaporators 
known as "boats" due to their shape. A pool of melted metal forms in the boat cavity and evaporates into a cloud above the 
source. Alternatively the source material is placed in a crucible, which is radiatively heated by an electric filament, or the source 
material may be hung from the filament itself (filament evaporation).

● Molecular beam epitaxy is an advanced form of thermal evaporation.
● In the electron-beam method, the source is heated by an electron beam with an energy up to 15 keV.
● In flash evaporation, a fine wire of source material is fed continuously onto a hot ceramic bar, and evaporates on contact.
● Resistive evaporation is accomplished by passing a large current through a resistive wire or foil containing the material to be 

deposited. The heating element is often referred to as an "evaporation source". Wire type evaporation sources are made from 
tungsten wire and can be formed into filaments, baskets, heaters or looped shaped point sources. Boat type evaporation sources 
are made from tungsten, tantalum, molybdenum or ceramic type materials capable of withstanding high temperatures.

Some systems mount the substrate on an out-of-plane planetary mechanism. The mechanism rotates the substrate simultaneously around 
two axes, to reduce shadowing.

Evaporation is a common method of thin-film deposition. The source material is evaporated in a vacuum. The vacuum allows vapor 
particles to travel directly to the target object (substrate), where they condense back to a solid state. Evaporation is used in 
microfabrication, and to make macro-scale products such as metallized plastic film.

https://en.wikipedia.org/wiki/Vacuum_pump
https://en.wikipedia.org/wiki/Semimetal
https://en.wikipedia.org/wiki/Crucible
https://en.wikipedia.org/wiki/Electric_filament
https://en.wikipedia.org/wiki/Molecular_beam_epitaxy
https://en.wikipedia.org/wiki/Electron_beam
https://en.wikipedia.org/wiki/KeV
https://en.wikipedia.org/w/index.php?title=Planetary_mechanism&action=edit&redlink=1
https://en.wikipedia.org/wiki/Thin-film_deposition
https://en.wikipedia.org/wiki/Evaporation
https://en.wikipedia.org/wiki/Vacuum
https://en.wikipedia.org/wiki/Microfabrication
https://en.wikipedia.org/wiki/Metallizing


Evaporation involves two basic processes: a hot source material evaporates and condenses on the substrate. It resembles the familiar process by which 
liquid water appears on the lid of a boiling pot. However, the gaseous environment and heat source (see "Equipment" below) are different.

Evaporation takes place in a vacuum, i.e. vapors other than the source material are almost entirely removed before the process begins. In high vacuum 
(with a long mean free path), evaporated particles can travel directly to the deposition target without colliding with the background gas. (By contrast, in 

the boiling pot example, the water vapor pushes the air out of the pot before it can reach the lid.) At a typical pressure of 10−4 Pa, an 0.4-nm particle 
has a mean free path of 60 m. Hot objects in the evaporation chamber, such as heating filaments, produce unwanted vapors that limit the quality of the 
vacuum.

Evaporated atoms that collide with foreign particles may react with them; for instance, if aluminium is deposited in the presence of oxygen, it will form 
aluminium oxide. They also reduce the amount of vapor that reaches the substrate, which makes the thickness difficult to control.

Evaporated materials deposit nonuniformly if the substrate has a rough surface (as integrated circuits often do). Because the evaporated material 
attacks the substrate mostly from a single direction, protruding features block the evaporated material from some areas. This phenomenon is called 
"shadowing" or "step coverage."

When evaporation is performed in poor vacuum or close to atmospheric pressure, the resulting deposition is generally non-uniform and tends not to be 
a continuous or smooth film. Rather, the deposition will appear fuzzy .



Thermal evaporation uses a hot filament or boat to evaporate materials such as Cr, Ge, Au, Ni or AuGe. 

E-beam evaporation allows the evaporation of a wider range of metals with higher melting points.

Physical sputtering uses ionized gases (Ar) to move material from the target to the substrate. 

Dielectric films (SiO2, Si3N4, Al2O3) can be produced from dielectric targets and RF power or else reactively sputtered in 
mixtures of Ar and O2. In addition, other compounds such as TiN or TaN can be produced using Ar-N2 mixtures and the 
metal target. 

Sputtering provides good step coverage over topographical features in the substrate. 

In addition, pre-clean sputter etching is available to ensure good contacts. 

Recommend e-beam or evaporation for lift-off metals.

 Multi-layer metal stacks use 4 hearth evaporation or sputtering



Evaporation
• Wafers placed in hemispherical cage for uniform
deposition
• Step coverage is bad in evaporation -vertical
etched surfaces in the wafer will not have any
metal deposited on them
• To minimize these problems, rotating planetaries,
 And substrate heating are
used.
• Two types of evaporation – thermal evaporation
(heating by resistive elements or inductive
heating) and E-beam evaporation





Sputtering
GREAT 2min Sputtering description/animation by Semicore: 
https://www.youtube.com/watch?v=L6ZIkmIVm6c

Great Animation at 1min25sec in : https://www.youtube.com/watch?v=ixx3ISj_kpg 

https://www.youtube.com/watch?v=L6ZIkmIVm6c
https://www.youtube.com/watch?v=ixx3ISj_kpg
































Dielectrics
Thin dielectric films are deposited using plasma enhanced chemical vapor deposition (PECVD) or remote plasma chemical 
vapor deposition (RPCVD) of SiO2, Si3N4 or a-Si. The source gases for the PECVD SiO2 films are 5% SiH4 in N2 plus N2O; 
for SixNy films source gases include  5% SiH4 in N2 plus NH3 and N2. General recipes are listed in Table A; additional 
recipes are available to control film stress or optical parameters or to deposit amorphous Si. The PlasmaQuest RPCDV 
system uses SiH4 in He plus N2O for SiO2 films and SiH4 plus NH3 for nitride films. Dielectric films can also be deposited 
using sputtering, reactive RF sputtering, e-beam evaporation (see metal deposition section).





                        Thermal Evaporator









Step Coverage
Because the evaporated material attacks the substrate mostly from a single direction, protruding features block the evaporated 
material from some areas. This phenomenon is called "shadowing" or "step coverage."



● Alternatives to evaporation, such as sputtering and chemical vapor deposition, have better step coverage. 
This may be an advantage or disadvantage, depending on the desired result.

● Sputtering tends to deposit material more slowly than evaporation.
● Sputtering uses a plasma, which produces many high-speed atoms that bombard the substrate and may 

damage it. Evaporated atoms have a Maxwellian energy distribution, determined by the temperature of the 
source, which reduces the number of high-speed atoms. However, electron beams tend to produce X-rays 
(Bremsstrahlung) and stray electrons, each of which can also damage the substrate.

● Purity of the deposited film depends on the quality of the vacuum, and on the purity of the source material.
● At a given vacuum pressure the film purity will be higher at higher deposition rates as this minimises the relative rate of gaseous 

impurity inclusion.
● The thickness of the film will vary due to the geometry of the evaporation chamber. Collisions with residual gases aggravate 

nonuniformity of thickness.
● Wire filaments for evaporation cannot deposit thick films, because the size of the filament limits the amount of material that can 

be deposited. Evaporation boats and crucibles offer higher volumes for thicker coatings. Thermal evaporation offers faster 
evaporation rates than sputtering. Flash evaporation and other methods that use crucibles can deposit thick films.

● In order to deposit a material, the evaporation system must be able to vaporize it. This makes refractory materials such as 
tungsten hard to deposit by methods that do not use electron-beam heating.

● Electron-beam evaporation allows tight control of the evaporation rate. Thus, an electron-beam system with multiple beams and 
multiple sources can deposit a chemical compound or composite material of known composition.

https://en.wikipedia.org/wiki/Sputter_deposition
https://en.wikipedia.org/wiki/Chemical_vapor_deposition
https://en.wikipedia.org/wiki/Plasma_(physics)
https://en.wikipedia.org/wiki/Maxwellian_distribution
https://en.wikipedia.org/wiki/Bremsstrahlung
https://en.wikipedia.org/wiki/Refractory
https://en.wikipedia.org/wiki/Tungsten
https://en.wikipedia.org/wiki/Chemical_compound
https://en.wikipedia.org/wiki/Composite_material




























Sputtering







RF DC  direct, indirect Target sizes and shapes and images more and youtube 
videos etc



































ALD is an important technique to deposit very thin films of a variety of materials. This CVD technique utilizes self-limiting 
surface chemistry along with the appropriate source gases to generate mono-layer films. The process sequences are 
computer controlled to enable repeated steps and the fabrication of thicker layers. One example is the use of 
trimethylaluminum (TMA) plus water vapor (H2O) to grow Al2O3 dielectrics. Extensive ALD development has been done in 
recent years by the semiconductor industry to develop thin high-K gate dielectric layers. Surface cleans and treatments are 
an important part of ALD film depositions. A wide array of materials have been developed for ALD applications; see the 
following references for more information.


























