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MBE Production System



MBE Growth Chamber

i) Group IV elemental semiconductors like Si, Ge, and C
ii) III-V-semiconductors: arsenides (GaAs, AlAs, InAs), antimonides

like GaSb and phosphides like InP
iii) II-VI- semiconductors: ZnSe, CdS, and HgTe



What is Epitaxy?

Atoms arriving at the substrate surface may undergo
• absorption to the surface,
• surface migration,
• incorporation into the crystal lattice,
• thermal desorption.
depends strongly on the temperature of the substrate.

It refers to the method of depositing
a monocrystalline film on a mono
crystalline structure.

• When film and the substrate are
same, it is HOMOEPITAXY. eg: Si-Si

• It different, HETEROEPITAXY.



Effusion Cells

Cylindrical crucible offers good charge material 
capacity, but uniformity decreases as charge 
material is depleted. It offers excellent long-term 
flux stability, but permits large shutter flux 
transients.

Conical crucible offers reduced charge material capacity, 
excellent uniformity, and poor long-term flux stability, 
and permits large shutter flux transients.

SUMO crucible offers excellent charge 
material capacity, excellent uniformity, 
excellent long-term flux stability, and minimal 
shutter-related flux transients.



In-situ Observation by RHEED



RHEED Patterns
RHEED is sensitive for surface structures and reconstructions.

a) GaAs(100) - 1x1 b) GaAs(100) - 2x1



Oscillation of RHEED Patterns

Different stages of layer-by-layer growth by nucleation of 2D islands and the 
corresponding intensity of the diffracted RHEED beam.

- direct measure of growth rates in MBE.
- oscillation frequency corresponds to the monolayer growth rate.
- incident angle dependence of the oscillations  suggest that interference between  

electrons scattering from the underlying layer and the partially grown layer contribute 
to these oscillations.

- magnitude of the RHEED oscillations damps because as the growth progresses, 
islands nucleate before the previous layer is finished.



Features of MBE

1. Very low deposition rates  typically 1um/hr or 1A°/sec. (Advantage)
2. Typically in ultra-high vacuum. (Disadvantage)
3. Uses high purity elemental charge materials. (Advantage)
4. Very well controlled growth (in-situ deposition). (Advantage)
5. Films with good crystalline structure. (Advantage)
6. Often use multiple sources to grow alloy films. (Advantage)
7. Deposition rate is so low that substrate temperature does not need to 

be as high. (Advantage)
8. Too expensive. (Disadvantage)
9. Very Complicated system to use. (Disadvantage)



About Vacuum
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• If we take ½ of the air molecules out of one side of the 
box, the pressure in that side will be less than the 
pressure on the other side.  
– The full side will have a positive pressure relative to the ½ full 

side.
– The ½ full side will have a partial vacuum, or lower pressure, 

relative to the full side.

positive 
pressure

Vacuum 
negative 
pressure

What is Vacuum?



Why is a Vacuum Needed?

To move a particle in a (straight) line over a large distance



Why is a Vacuum Needed?

Contamination
(usually water) Clean surface

Atmosphere (High)Vacuum

To provide a clean surface



BAROMETER

WATER MERCURY

760
mm

Mercury:  13.58 times  
heavier than water: 
Column is 13.58 x shorter :
10321 mm/13.58=760 mm 
(= 760 Torr) 

10.321
mm

29,9
in



PRESSURE OF 1 STANDARD
ATMOSPHERE:

760 TORR, 1013 mbar

AT SEA LEVEL, 0O C AND 45O LATITUDE



PRESSURE RANGES
RANGE

ROUGH (LOW) VACUUM

HIGH VACUUM

ULTRA HIGH VACUUM

PRESSURE

759  to 7.5 x 10 -3  (Torr)

7.5 x 10 -7  to 7.5 x 10 -3  (Torr)

LESS THAN 7.5 x 10 -9  (Torr) 

Rough Vacuum

1x10-4 mbar

High Vacuum Ultra High Vacuum

1x10-8 mbar

Lower Pressure



Viscous and Molecular Flow

Viscous Flow
(momentum transfer
between molecules)

Molecular Flow
(molecules move
independently)



FLOW REGIMES
Viscous Flow:

Distance between molecules is small; collisions between
molecules dominate; flow through momentum transfer;
generally P greater than 0.1 mbar

Transition Flow:
Region between viscous and molecular flow

Molecular Flow:
Distance between molecules is large; collisions between
molecules and wall dominate; flow through random motion;
generally P smaller than 10  mbar-3



MEAN FREE PATH

MOLECULAR DENSITY AND MEAN FREE PATH

1013 mbar (atm) 1 x 10-3  mbar 1 x 10-9  mbar

#
mol/cm3

MFP

3  x  10 19

(30 million trillion)
4  x  10 13

(40 trillion)
4  x  10 7

(40 million)

2.5  x  10-6 in
6.4  x  10-5 mm

2 inches
5.1 cm

31 miles
50 km

Mean Free Path is the average distance that an particle
travels between collision.



About Vacuum Pump
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Compression pumps Condensation or adsorption pumps



PUMP OPERATING RANGES

10-12 10-10 10-8 10-6 10-4 10-2 1 10+2

P (Torr)

Rough VacuumHigh VacuumUltra High 
Vacuum

Rotary Pumps

Turbo mol. Pump
Diffusion Pump

Cryo Pump
Ion Pump
Tit. Subl. Pump

Liquid Nitrogen Trap



Rotary Pump ( Rough Vacuum )

Induction Isolation Compression Exhaust

-Take out particles 
by strong torque

- Low cost and 
simple structure



Diffusion Pump
- It begins work at 10-3 Torr
- Heater mounted at the bottom
- Mount on the top of the jet assembly
- Exhaust is through the foreline
- Can not exhaust to direct atmosphere

< How to pump work?>
- It works by heating the pump
- Upward inside the jet assembly
- The vapor hit the cooled wall
- Back into a fluid
- Circulation

<Disadvantages>
- Oil backstream
- Leak problem & Oil is expensive

( High Vacuum )

* The actual pumping of gases happen when the large, heavy, high-
speed oil vapor molecules hit gas molecules



Turbo Molecular Pump ( HV ~ UHV)

• The advantage of a fast start-up to full pumping 
speed and a clean, hydrocarbon-free vacuum

• The turbo pump can not exhaust directly to 
atmosphere through usually backed by a rotary 
mechanical pump

• Utilize a stack of turbine blades which rotate at 
very high speed (of order 50,000 rpm) to move gas 
from the inlet port to the exhaust port.

• The number of blades on a disk, the blade length, 
width, spacing and rotational speed determin it`s 
ability to pump gases.

• Sensitive to movement & moving parts are very 
expensive.



Cryo Pump ( HV ~ UHV)

LHe
LN2

LN2

• In cryopump operation, helium is compressed and 
give up it`s heat to the surrounding walls of the 
compress

• This chills the cold head and baffle array to 
around 12K and 70K

• Condition at less than 20K, the combination of 
partial pressures of most gases is around 10-11 Torr 
or lower

“Freeze” molecules to a 
supercold surface.



Tit. Subl. Pump (UHV)

-Resistively heat Ti metal

-Thin layer of Ti on chamber walls

-This reacts with O2
etc and pumps chamber

< Advantage>
- No start up time needed
- Not sensitive about the 
chamber temperature

<Disadvantages>
- Expensive
- Exhaust velocity depends 
on temperature of LN2 and 
gas (need for cold trap)



Ion Pump

1 Permanent magnets 
2 Pump envelope 
3 Titanium cathodes 
4 Anode cell array 
5 Positive high voltage lead 

(UHV)
cathode

cathode

anode

HV: 4-7 kV

permanent 
magnet



Ion Pump (UHV)

Sputter ion pumps operate by ionizing gas within a magnetically confined cold 
cathode discharge. 

The events that combine to enable pumping of gases under vacuum are : 

- Entrapment of electrons in orbit by a magnetic field. 

- Ionization of gas by collision with electrons. 

- Sputtering of titanium by ion bombardment. 

- Titanium gettering of active gases. 

A getter is a material that reacts with a gas
molecule to form a solid nonvaporizable material 



Vacuum Gauges

4
50 kPa

0 kPa 100 kPa

If this vacuum pump removes half of 
the air from our jar, a partial vacuum 
(50 kPa) will be created inside the 
jar relative to the outside 
atmosphere.



Gauge Operating Ranges

10-12 10-10 10-8 10-6 10-4 10-2 1 10+2

P (mbar)

Rough VacuumHigh VacuumUltra High 
Vacuum

Bourdon Gauge

Thermocouple Gauge

Cold Cathode Gauge

Capacitance Manometer

Hot Fil. Ion Gauge

Residual Gas Analyzer

Pirani Gauge

Spinning Rotor Gauge
McLeod Gauge



Rough Vacuum Measure

F=A(p2-p1)

pressure range : 103 – 10-2 mbar

Membrane vacuum meter

vacuum reference

reference

vacuum
C

pressure range : 103 – 10-6 mbar

Capacitance manometer

C ∝ A/d
temperature sensitive



Ionization gauges
Ionization current 
is the measure of 
vacuum

pressure range : 10-3 – 10-10 mbar



Vacuum Components
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Vacuum connections: UHV

ConFlat (CF) system

copper gasket

p < 10-10 mbar



Leak Detection
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Problems that appear to be Leaks

Outgassing

Leaks
Virtual

Real

Backstreaming

Diffusion
Permeation



Why Helium is used
• Helium is very light and small
• Low concentration in air 

(0.0005%)
• Permits dynamic testing
• Permits non-destructive 

testing
• Helium is safe



Tracer probe leak detection technique



Conclusion
•     MBE is a process for making compound semiconductor materials with great precision 

and purity. These materials are layered one on top of the other to form semiconductor 
devices such as transistors and lasers.

•     To make each layer, ultra-pure elements are delivered to a surface (the substrate 
wafer) as a beam of gas. The atoms or molecules in the gas deposit on the substrate 
to form the growing solid layer. Beam intensity (called the flux) is adjusted for precise 
control of layer composition. layers only a few atoms thick can be produced reliably 
because the growth rate is sufficiently slow.

•     MBE growth produces complex structures of varying layers which are further 
processed to produce a range of electronic and optoelectronic devices, including high 
speed transistors, lightemitting diodes, and solid state lasers.

•     MBE proves to be an effective and powerful technique both for research into new 
materials and layer structures, and for producing high-performance devices.
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