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Torr International has made many electron beams systems for many applications such as hard 
coating, lift off and optical applications.  The electron gun employed in e beam coating is with a 270 
deg bent beam, in order for the source to not interfere with the evaporation material.  Some of the 
advantages of electron beam deposition are a very low contamination level, a high temperature source 
in order to melt high temperature melting point materials, excellent rate control and minimum 
contamination of source material. Various diagnostic measurement techniques such as in situ crystal 
oscillator thickness measurement and ellipsometry are employed.  Control systems are made either 
fully manual, with PLC Control or computer control.  Combination systems with the same vacuum 
chamber combining all or some sources with electron beam, sputtering or ion beam assist are made.  
Comparisons between deposition characteristics of various sources are made. 

Oтлагане на металлургични и диелектрични покрития с електронен лъч и сравнение 
с методите на разпрашване и термично изпарение (Масуд Нарагхи,  Монарк Сутхар, Еуген 
Белков, Михаил Дроней, Нирав Девчаке, Стив Веркмайстер). „Torr International”  направи 
много електроннолъчеви системи за различни приложения, такива като твърди покрития, 
„ лифт-оф“ микрогравиране, оптични приложения. Електронният лъч, използван в лъчевите 
покрития е един отклонен на 270о лъч, за да има електронен източник, който да не се влияе от  
изпарения материал. Някои от преимуществата на електроннолъчевото отлагане са: много 
ниското ниво на замърсявания, един много високо-температурен точков източник на 
изпарение на труднотопими материали, прекрасен контрол на скоростта на изпарение и 
минимум замърсявания от материала на източника. Приложими са различни измерителни 
техники като разположено на мястото измерване на дебелината чрез кристално осцилиране 
и елипсометри. Контролната система е напълно ръчна, с PLC контрол или компютърен 
контрол. Направено е комбиниране на системи на една вакуумна камера - с всички или някои 
от източниците с електронен лъч, разпрашване или  йонно лъчево асистиране. 

 

Introduction 
Electron beam deposition, using solid materials, 

has many advantages over other deposition techniques 
using solid materials such sputtering and thermal 
evaporation.  Some of the advantages are a high 
temperature source for melting and evaporating 
materials such as tungsten and zirconium, minimum 
contamination of source material and surrounding, 
excellent rate control. 

Deposition is normally performed at vacuum levels 
better than 10-6 Torr where the mean free path of 
collision is much  larger than the  dimension  of  the  
 

 
 
apparatus. For minimizing the contamination of 
source vacuum levels of 10-7 Torr and even lower is 
employed. Sometimes the deposition is not done at 
very low vacuum levels and some gases such as 
oxygen, Nitrogen and Argon are admitted to the 
chamber.  There are three major applications for gas 
delivery into the chamber prior or during the process. 
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Fig. 1 

Electron Beam Gun 
The electron beam gun consists of a water-cooled 

copper crucible containing a pocket for the evaporant. 
Built into the crucible is an electromagnet that 
provides a magnetic field perpendicular to the path of 
the electron beam. The electrons are generated by 
thermionic emission from a hot tungsten filament that 
is heated by a low-voltage power supply. All parts of 
the gun are at ground potential except for the filament, 
which is at 10 to 15 kilovolts negative. The electron 
beam is shaped and focused by the magnetic field, 
bombards the material in the hearth pocket and 
deposits power equal to the accelerating voltage times 
the electron beam current. Currently most of the e 
beam power supplies used by Torr are 6 to 10 KV 
high voltage and can only produce very soft x-ray. 
The part of the melt next to the copper hearth usually 
remains solid. In effect, the evaporant material itself 
becomes its own container and is a barrier to 
contamination from the crucible. Most e-b guns are 
designed so that the hot filament (a contamination 
emitter) is out of the Line-of-sight of the substrate, 
that is, the electron beam travels a 270-degree path 
from the filament to the evaporant. This prevents any 
contamination that evaporates from the hot filament 
from reaching the substrate. The deposition rate is 
easily controlled since the electron-beam power and 
spot size on the melt are adjustable by means of the 
power supplies for the beam current and magnet 
current. 

Gas delivery for the process 
One application is admitting an inert gas such as 

Argon as the cushion or “bouncer” to change the 
deposition trajectory not perpendicular to the substrate 
with an angle of less than 90 degrees. 

Another application is admitting a gas such a N2 
for reactive deposition such as depositing with 
titanium in order to do hard coating of titanium 

nitrating.  A third application is adding a gas at a 
pressure of a few milli Torr for plasma cleaning of the 
chamber substrate.  This can be done with an RF 
generator and a gas such as argon.  This is the same 
old technique called ion bombardment which employs 
a gas medium of Argon, and sometime oxygen or a 
combination of these two gases, and a high voltage 
power supply of a few KV and few Millie Ampere. 

Lift-off 
"Lift-off" is a simple, easy method for patterning 

deposited films and films which are difficult to dry 
etch. A pattern is defined on a substrate using 
photoresist and standard photolithography. A film, 
usually metallic, is blanket-deposited all over the 
substrate, covering the photoresist and areas in which 
the photoresist has been cleared. During the actual 
lifting-off, the photo resist under the film is removed 
with solvent, taking the film with it, and leaving only 
the film which was deposited directly on the substrate. 

 
Fig.2. Lift Off Process 

Depending on the type of lift-off process used, 
patterns can be defined with extremely high fidelity 
and for very fine geometries. Lift-off, for example, is 
the process of choice for patterning e-beam written 
metal lines, because film remains only where the 
photoresist has been cleared.  The defect modes are 
opposite what one might expect for etching films 
since the defects may be in the underlying photoresist 
layer (for example, particles lead to opens, scratches 
lead to shorts in metal lift-off). 

Any deposited film can be lifted-off, provided: 
1. During film deposition, the substrate does not 

reach temperatures high enough to burn the 
photoresist; 

A. For electron-beam evaporation of metals 
through Innotec, the substrate temperature 
does not usually rise above 90o C, unless 
evaporating thick films ( > 1000 A) of 
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refractory metals such as Molybdenum, 
Tungsten, Tantalum or Platinum; 

B. For Atomic Layer Deposition of oxide, the 
substrate temperature should be kept to 
less than 110o C. 

2. The film quality is not absolutely critical. 
Photoresist will outgas very slightly in vacuum 
systems, which may adversely affect the quality 
of the deposited film; 

3. Adhesion of the deposited film on the substrate 
is very good; 

For metallic films of non-reactive metals (Au, Pt, 
Pd), an adhesive film of a reactive metal such as 
Titanium or Chromium is used. The thickness of such 
a film should be > 20 A for good adhesion. Even with 
noble metals, the presence of this film is not 
absolutely critical. The film can be easily wetted by 
the solvent. 

4. The film is thin enough and/or grainy enough to 
allow solvent to seep underneath; 

5. Finally, the most important condition for lift-off 
process is the source and substrate be conformal, 
and the distance between source and substrate to 
be far enough in order to cover the whole bottom 
of the cavities.  Some workers in the field 
suggest it is best not to use rotation of the 
substrate.  It is best to use a minimum distance 
between substrate, and the source ten times 
larger than the diameter of the substrate. Torr has 
manufactured systems that the distance between 
substrate and the source is variable and at the 
same time the substrate is water cooled. 

Substrate cooling and heating 
Substrate cooling is done to enhance the rate of 

condensation of the vapor to substrate and it can be 
done in the range between room temperature, and LN2 
temperature.  Attention should be made that at lower 
temperature of the substrate vacuum level should be 
lower so no condensation of water vapor occurs on the 
substrate.  At lower temperatures base vacuum of 10-7 

Torr or lower in order to minimize the water vapor 
condensation is necessary.  It is better to use cryo 
pump than other vacuum pumping system.  Sometime 
a water pump also being used, in addition to a cryo 
pump or turbo pump to minimize water condensation 
on the substrate. 

 

 

 

Substrate cleaning 
Substrate cleaning can be done with RF cleaning, 

ion beam and a least expensive method by using a 
high voltage glow discharge with Argon gas, or 
mixture of argon and oxygen at a pressure of a few 
mill Torr. 

Combination systems 
We have made at Torr combination systems. The 

most popular combination systems are combination e 
beam and thermal system [2].  Although some 
shielding is done between e beam source, and thermal 
source, in addition to that each source is provided with 
its own shutter, nevertheless cross contamination 
cannot be avoided.  The best way in order to avoid 
cross contamination is to use a cluster system,  The 
cost of a cluster system is  higher than a combination 
system, and that is the reason for little budget project 
one prefers a combination system where it does not 
require multiple vacuum systems, and complex 
transferring mechanisms.  In cluster systems a 
separate chamber is used for each source and a load 
lock with some transfer mechanism. The load can be 
transferred from atmosphere to one of the process 
cambers, and in sequence between the chambers in 
case a multilayer coating is deemed necessary.   
Finally when the multilayer is completed the finished 
product can be transferred to atmosphere. 

 

Fig. 3a. Interior setup of a combination system: Sputtering, 
thermal, e-beam, ion beam and ion beam assist.  
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Fig. 3b. Exterior setup of a combination system 

Characterization and control of deposition 

There are two categories of thickness 
measurement, one category is in situ measurement 
which is applied during the deposition inside the 
vacuum chamber and can be fed back in order to 
control the deposition rate and the variation of a 
physical parameter such as, resistivity, mass, 
reflectivity of the deposited thin film as described 
below [1, 3]. 

The electrical resistance, R (ohms) of a conductor 
is the specific resistivity. 

A. Resistivity 

One of the most popular in situ thickness measure 
include, resistivity measurement of a rectangular 
insulator such as glass with the area A, as shown in 
Fig 4.  

(1)     R = 
��

�
,  

A is the product of the film thickness, t, and the 
contact width.  If L/W equals one (a square) then Lt 

and R for a square equals to one.  It can be shown [1]  
R for a square equals to ρ/t ohm.  The resistance of a 
square is independent from the size of square and is 
called sheet resistivity and has units of ohm/square. 
Direct measurement of an insulator such as glass 
between two conductors as Fig. 4 can be applied as in-
situ measurement of  the thickness. This technique is 
limited to deposition of conductive materials such as 
metals, alloys, and some semiconductors. 

 
Fig. 4. Resistivity measurement 

B. Mass 

Another thickness monitor who may apply to all 
materials is quartz crystal oscillator. The principal 
concept behind this type of measurement and control 
is that an oscillator crystal can be suitably mounted 
inside the vacuum chamber to receive deposition in 
real time and be affected by it in a measurable way. 
Specifically the oscillation frequency will drop as the 
crystal's mass is increased by the material being 
deposited on it. To complete the measurement system, 
an electronic instrument continuously reads the 
frequency and performs appropriate mathematical 
functions to convert that frequency data to thickness 
data, both instantaneous rate and cumulated thickness.  
Torr FTM 2000 can be used as deposition rate monitor 
and preset the thickness of the fill required. 

C. Optical Methods 

This is the oldest method and even can be used by 
viewing the change of interference color.  The modern 
method is to use laser beam and measure the 
transmission and reflectivity of the beam in order to 
relate to thickness of the film. Polarized light. 
Linearly polarized light is generally reflected as 
elliptically polarized light, and the instrument 
measures the shape of the polarization ellipse – hence 
the name “ellipsometer.” applies. 

The following tables (Table 1 and Table 2)  
courtesy of the education committee of American 
Vacuum Society gives various methods, principle, and 
other characteristics of thickness measurement 
methods [3].  
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Table 1 
Thickness Measurement Methods ( continued) 

Method Scanning 
Spectrophotometer 

(reflection) 

Multiple Angle 
Reflectometry 

Optical Surface Profiler 

Principle Optical interference 
spectroscopy. 

Wavelength scanned 
(190 nm to 900 nm) at a 

single incident angle. 

Optical. Measures 
reflectivity at a single 
wavelength at two or 
more incident angles. 

Optical, white light 
interferometry. 

Thickness Range 2 nm to 75 µm 
depending on film type. 

5 nm to 4000 nm. 0.1 nm to 15 µm. 

Sensitivity Precision: ~ 0.1 for 
films < 50 nm, ~ 0.2 nm 
for films <4 µm, and ~ 
1% for films ≥ 4 µm 

thick. 

Repeatability and 
accuracy: 1 nm or 0.5%, 

whichever is greater. 

~ 0.1 to 0.3 nm 

Sample Requirements Requires a non-
absorbing film having a 
uniform refractive index 
on a reflecting substrate. 

Non-destructive. 

Substrates up to 10 by 
20 cm or 15 cm 

diameter. 

Non-contact, non-
destructive. 

Calibration required? Yes. Yes. Yes. 
Measurement area 1µm to 5 mm diameter.  Depends on 

magnification 
Comments Relatively rapid. 

Using computer control 
and data analysis and 

display, this method has 
been adapted to full-
wafer imaging of film 

thickness. 

Can measure double 
layer films. Can 

measure up to 625 
points on substrate. 

Measurement time: ~7 
seconds/points. 

Produces 2-dimensional 
plot of surface 

topography 0.1 nm to 
15 µm or 3-dimensional 
plots, 0.3 nm to 15 µm. 
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Comparing e-beam process with sputtering 
process 

In e-beam process, materials that are single 
element can be evaporated and deposited.  Some 
compound materials would dissociate due to high 
temperature of the beam, but in sputtering compounds 
can be deposited. In thermal evaporation by ohmic 
heating, the temperature can be controlled and as long 
as the temperature is not high enough to dissociate the 
compound material it can evaporate even some 
organic materials.  Normally the evaporation is done 

in some wire wound ceramic crucibles, so the heater 
material is not in contact with the ceramic, or quartz 
crucible. 

The most versatile of all deposition processes. 
Nearly a “universal” process films can be deposited 
by sputtering method. With sputtering films will 
contain a small amount of the sputtering gas. 

Substrate: 

 Can be adapted to almost any substrate material. 
Deposited material with sputtering can be deposited 
on any substrate material and since the incoming 
particles to substrate possess more energy than e beam 

Table 2 
Thickness Measurement Methods 

Method Stylus Profilometer Multiple-Beam 
Interferometer 

Ellipsometer 

Principle Electro-mechanical. 
Can measure surface 
profile, texture and 

roughness. 

Optical. 
Monochromatic 

light. 

Optical, measures the phase 
shift of reflected polarized light; 
monochromatic or wavelength 
scanning. Refractive index (n) 
and extinction coefficient (k) 
are independently determined. 

Thickness Range ~ 2 nm to ~ 100 µm ~ 5 to 300 nm. 
Can measure up to 
2000 nm if step is 

sloped. 

1 nm to 20 µm depending on 
film refractive index. 

Sensitivity Horizontal resolution 
~ 10 nm; vertical 

resolution ~ 0.05 nm 
(for thinnest films). 

Resolution: ~ 3 
nm ± 0.5 nm  

Can detect ~ 1 nm thick 
contaminant layers. 

Sample 
Requirements 

Step required in film. 

Stylus force as low 
as 0.05 mg., non-

destructive for all but 
softest films. 

Requires a step 
(film edge) and 

reflective coating 
and thus is usually 

destructive. 

Requires non-absorbing film 
on reflecting substrate. Non-

destructive. 

Calibration required? Yes No No if thickness less than ~ 1 
µm 

Measurement area Instrument 
dependent: width of 

stylus times scan length. 
Can view surface at 
magnifications up to 

1200X while scanning. 

Depends on 
magnification. 

Depends on light beam 
diameter. Typically small as 10 

- 30 µm. 

Comments Speed depends on 
scan length and speed. 

Can inaccurately 
measure depth and 

spaces in patterned films 
smaller than the stylus 

tip 

Slow. Requires 
microscope with 
monochromatic 
illumination and 

interference 
objective or a stage 

interferometer. 

Relatively rapid if 
automated; slow if manual. For 
films > ~ 0.5 µ, thickness range, 
the approximate film thickness 

must be determined 
independently. 
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adhesion to substrate is much better than e beam or 
thermal evaporation. 

Reproducibility with sputtering is much better 
than e-beam.  

Also the materials used and to be reclaimed with e 
beam and thermal evaporation is much more than 
sputtering.  Sputtering is more directional process than 
e-beam. 

Sputtering can make higher density films than e 
beam evaporation.  Same effect can be produced, if 
ion beam assist is used with e-beam evaporation. 
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