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Atomic Layer Deposition (ALD)
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Glancing Angle Deposition (GLAD)
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Pulsed Laser Deposition (PLD)

Deposition Methods
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X-Ray Photoelectron Spectroscopy (XPS)

Spectroscopy and Spectrometry

KE=hv-BE-Ø
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Spectroscopy and Spectrometry

Auger Electron Spectroscopy (AES)
EKLL = EK-EL-EL
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Secondary Ion Mass Spectrometry 

(SIMS)
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Scanning Tunneling Microscopy (STM)
Iαe−2κz
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Atomic Force Microscopy (AFM)

Spectroscopy and Spectrometry
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Scanning Electron Microscopy (SEM) 

Spectroscopy and Spectrometry
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Introduction
•Surface Preparation= as Homogeneous as possible by   

Modification and Cleaning
• Modification

•Roughening or Smoothing
•Making a surface harder by plasma treatment
•Activating a surface by plasma treatment

• Cleaning
•No undesirable material
•e.g. HC layers cause poor adhesion and probably poor 
electrical contacts
•Porosity, embedded particles, steps, roughness that 
effect film properties, produce pinholes, local loss of 
adhesion
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Outside the deposition system as a separate process in a controlled 
environment
i- Gross cleaning: removal of large amount of contaminants often by 
removing some substrate surface
ii- Specific cleaning: removal of a specific contaminant

• Stripping by mechanical abrasion or chemical etching
• Abrasive cleaning

•Abrasive surfaces e.g. sand paper, Scoth BriteTM

•Abrasive powders e.g. diamond paste
•Particles in a gas or liquid stream i.e. Grit Blasting
•Al2O3, diamond, glass beads, silica sand, 
SiC, CeO etc.
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•Wet Chemical Etching
Removes surface layers e.g oxides, eliminates or blunts surface cracks in 
brittle materials and removes difficult-to-remove contaminants
Surface material along with contaminants
Pickling

Removal of oxides formed on metals during fabrication
Al and Alloys by sulfuric acid, nitric acid etc.
Cu and Alloys by comb. of Sulfuric and oxidizing acids
Fe and SS by sulfuric and HCL
HF acid for Si, leaves -H or -OH terminated

May change the surface chemistry e.g. 
i- glass-bonded alumina ceramic in HF, removes a specific glass phase 
and weakens the ceramic; poor adhesion
ii- acid etching of soda lime glass, removes Na and surface is acidic i.e. 
wetting properties vary
Sequential etching: Cu-Al alloys with NaOH leaves Cu and/or Si. Cu is 
removed by HNO3 and Si by HF.
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•Solvent Cleaning
•Polar solvents for polar contaminants e.g. water for ionic 
materials
•Nonpolar e.g. CFC for grease-mixtures also used
•Solubility parameter: max. of specific contaminant that 
can be dissolved in a specific amount of solvent
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•Alkaline Cleaners
•Are saponifiers that convert organic fats to water-soluble soaps
•Clean oxide surfaces strongly adsorb HCs that can’t be removed by 
normal detergents
•Carbonized HCs can be removed by saturated water solution of KOH

•Soap Cleaners
•Solution Additives

•Surface energies are important both of solid and liquid as well as their interfacial 
energy
•Wetting agents reduce the surface energy
•Surfactants (surface active agents that reduce the interfacial energies) used with 
water are both Hydrophobic and Hydrophilic, can reduce the S.E. of water by 30 
mJm-2, interface b/w oil and water.
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•Solution Additives
•Basics are better than Acidic solutions, PH adjusted NH3 or 

NH4OH
•Wet Reaction Cleaning

•Volatile or soluble product by liquids, plasma, vapors or 
gases.
•Acid-Base solutions as oxidants Piranha Solution i.e.
conc. H2SO4 and (NH4)2S2O8……atomic O
•K2Cr2O7 +4H2SO4→K2SO4 +Cr2(SO4)3 +4H2O+3O (i.e. Free 
O)
•H2O2 is a good oxidizing agent for cleaning glass
8 (30% H2O2):1 (NH4OH):1 (H2O)
•RCA for cleaning Si (organic clean, Ox. Strip and ionic 
clean)
•Modified RCA 23
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•Reactive Gas Cleaning
Formation of volatile reaction products of the contaminants i.e. 
Oxidation Cleaning using O, Cl, F, O3, NO etc.
Non-volatile as residue
Reaction with a gas at high temperature e.g.
Air Firing-to oxidize HCs e.g. Alumina is cleaned of HCs by heating 
to 1000 oC in air e.g. Kitchen ovens are cleaned by Oxidation at 425 
oC
UV/O3 method-oxidation at at. pressure results the bond scission 
of HC layers with UV radiation intensity of about 1-10 mWcm-2 at 
the substrate
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•Reactive Plasma Cleaning
•At lower temp. than RGC, uses reactive species in
plasma to react with surface and form volatile species
that leave the surface
•no residue
•low etch rate of substrate and removes oxide layer
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•Reactive Plasma Cleaning
•O2, H2, F and Cl as gases. Metals cleaned with F.
•O2 very effective for HCs
•Ion Scrubbing
•Mixture of gases for improved 

etching e.g. for Si, CF4 96% with 
O2 4%, SiOx from Si is removed by 
mixture of HF and H2O.

Use He as diluent
•Compound gases leave products e.g. 

B, C or Si change the chemical 
composition of surface e.g. C from
CCl4 or CF3.
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•Reactive Plasma Cleaning
•RF plasma at pressures of 100-500 mtorr
•O2 for those that can withstand oxidation or H2 for those 
that require non-oxidizing environment.
•Surface placed outside plasma that leaks from the grid 
electrode.
•For HCs, H plasma is useful. To clean vacuum surfaces in 
Nuclear Fusion Reactors.
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• Application of Fluids
• Ultrasonic Cleaners

•Collapsing of bubbles in contact with surface 
provides high pressure
•After grinding and abrasive procedures
•Ultrasonic wave is produced by 
Electrostrictive or Magnetostrictive Transducers at 
18-120 kHz and energy density of about 
100W/gallon of fluid

• Size of Bubbles

vapor pressure, surface energy, temp.
H2O @ 60oC, 40 kHz---3 µm, jet pressure-300 psi
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Variables:
•Amplitude and Frequency of pressure wave(i.e.
energy density, standing wave pattern)
•Nature of the transducer fluid(density, viscosity,
surface tension, vapor pressure)
•Flow and filtering of fluid
•Temperature, for water, 55-65 oC
•Gas content (Degasing of fluids to enhance
cleaning)
•Geometry of the system
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•Application of Fluids
• Ultrasonic Cleaners
•Energy required for cavitation is proportional to surface

tension and vapor pressure e.g. ST of water 70 dynes/cm.
Using a surfactant, 30 dynes/cm.

•Fixturing is important. Area in cm2 < Volume in cm3.
•May cause Erosion and fractures e.g. glass observes

increase in light scattering.
•High Frequency ultrasonic baths 400 kHz uses a train of

wave fronts that sweeps across the surface. Viscosity
plays the role here. 50 psi, for smaller area of impact.

•Megasonic > 400 kHz for Si wafer processing.
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