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• Secondary Ion Mass Spectroscopy (SIMS)*

• Rutherford Backscattering spectroscopy (RBS)
* SIMS: Common tool for fast surface chemical imaging



CH7-1. Secondary Ion Mass Spectroscopy (SIMS)*
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What is SIMS?
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• SIMS is a surface analysis technique used to characterize the surface and sub-surface region of materials.

• It effectively employs the mass spectrometry of ionized particles which are emitted when a solid surface is 

bombarded by energetic primary particles.

• High detectivity (down to 1ppm).



Overview
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Processes
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• A primary ion beam will generate a variety of 

secondary ion species

è backscattered primaries

è neutral host atoms

è charged host ions

è neutral impurity atoms

è charged impurity ions

• Ion species can be mass-analyzed

• As the primary ion beam removes material from the 

surface (sputtering) the depth at which the ions 

emerge will change è depth profiling

This is a (by design) destructive technique…



Main Components of SIMS Experiment
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Secondary ions can be atomic and molecular, positive or 

negative (more than 90% of scattered mass is neutral!)



Main Components of SIMS
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• Time-of-Flight (TOF) :
• Pulses of secondary ions are accelerated to a given potential (3-8 keV) such that all ions 

possess the same K.E.; they are then allowed to drift through a field-free space before 

reaching the detector

• Time-of-flight t is given by



SIMS Analysis Modes
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• Static SIMS are used to determine surface concentrations of elements and 

molecules without significantly altering the analyte.

• Imaging SIMS like static SIMS does not alter the analyte appreciably. This 

mode is used to generate images or maps of analytes based upon 

concentrations of one secondary ion representing either an element or 

molecule.

• Dynamic SIMS involves the use of a much higher energy primary beam 

(larger amp beam current). The higher ion flux used in dynamic SIMS eats 

away at the surface of the analyte, burying the beam steadily deeper into 

the sample and generating secondary ions that characterize the 

composition at varying depths (depth profiles).



Types of SIMS
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Static SIMS: PMMA
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• Fragmentation and subsequent ion formation of the sample can reveal the 

overall structure of the molecule through mass spectrometry.

Polymethylmethacrylate SIMS (a) positive and (b) negative SIMS data.



Static SIMS: PS
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Imaging Modes for SIMS
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Dynamic SIMS
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Characteristics of SIMS
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• Strength of SIMS 
- Excellent detection sensitivity (ppm) for dopants 
and impurities. 
- Can detect all elements and isotopes, including H 
- Chemical bonding information 
- Imaging with small probe size (0.02~1 µm ) 
- Depth profiling 
- Can analyze insulators, semiconductors and 
conductors 

• Weakness of SIMS 
- Usually not quantitative, because of the strong 
sensitivity of an element on the composition of the 
matrix 
- For some samples, organic information can be 
limited
- Destructive (dynamic SIMS)

• Depth profiling
• Mass spectrum of the Fe-Si-NP 

with a Fe/Si core/shell structure



CH7-2. Rutherford Backscattering spectroscopy (RBS)
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Rutherford
- Atomic Model
- Discovery of proton



Introduction. Principle of RBS
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Mass information
• RBS is a well-established technique in thin film characterization in which a beam of high energy (2 

MeV) helium ions is directed at a sample.

• The helium ions that are elastically scattered by nuclei in the sample are detected.

• The higher the mass of an atom that is hit by a helium ion, the higher the energy of the ion will be after 

backscattering. This results in mass discrimination.

• By counting the helium ions as a function of energy, the number of atoms of each element present 

can be determined.

Depth information
• During the flight path through the sample the ions lose energy. This energy loss introduces a depth 

scale in the RBS spectrum.

• An ion that is scattered at a certain depth experiences an additional energy loss on the way in and 

out of the target.

• Thus, it ends up with a kinetic energy lower than that of an ion, which experiences a similar 

backscattering event at the sample surface.



Introduction
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Rutherford backscattering spectroscopy (RBS) is an analytical technique used in materials science. Sometimes 

referred to as high-energy ion scattering (HEIS) spectroscopy, RBS is used to determine the structure and 

composition of materials by measuring the backscattering of a beam of high energy ions impinging on a sample.

1. RBS is a nondestructive method of analysis.

2. It allows quantitative analysis of all elements simultaneously except for hydrogen.

3. RBS has a depth resolution typically of about 10 nm, which can be improved up to monolayer resolution in the 

surface region with special equipment.

4. The measurement time is typically as short as several minutes.

5. Sensitivity of RBS is about 100 ppm for heavy elements although it is not so good for light elements.



Instrumentation

18

• An RBS instrument generally includes three essential 

components:

• An ion source, usually alpha particles (He+ ions) 

or, less commonly, protons.

• A linear particle accelerator capable of 

accelerating incident ions to high energies, 

usually in the range 1-3 MeV.

• A detector capable of measuring the energies 

of backscattered ions over some range of 

angles.



RBS Spectrum
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RBS Spectrum
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Physical Concepts
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1. The kinematic factor of the elastic scattering which describes the reduction of incident 

energy in a collision between the probe ion and the target atom. The resulting energy of 

the scattered ion increases with target atom mass. This allows identification of the target 

atom by measuring the scattered ion energy.

2. The differential scattering cross-section which gives the probability of scattering. This 

allows basic quantitative analysis without a standard sample.

3. The stopping power which is defined by the energy loss of the ion per unit path length 

inside the target. The energy of the backscattered ion depends on the depth from which 

the ion was scattered because the path length is proportional to the depth. This allows the 

depth profiling of elements in the target.



Basic Principles: Kinematics of Ion–Atom Collisions
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Rutherford backscattering as an elastic hard-sphere collision between a high kinetic 

energy particle from the incident beam and a stationary particle located in the sample.



Kinematic Factor
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Basic Principles: Cross-Section of the Backscattering
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• The scattering cross-section w is an effective area associated with the colliding 

particles.

• To describe the angular distribution of the backscattering probability, we need 

the differential cross-section of the backscattering:

• The cross-section is proportional to Z22, indicating high sensitivity for heavy 

elements in RBS.



Basic Principles: Stopping Power
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Structural Measurements: Channeling
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• The ion experiences a series of correlated small angle collisions with crystal 

atoms and cannot approach to the atomic row or plane over a certain 

distance. This phenomenon, called channeling.

• This can result in a drastic reduction of the observed backscattered signal 

when the incident beam is oriented along a one of the symmetry directions, 

allowing determination of a sample's regular crystal structure.

• Channeling works best for very small blocking radii, i.e. for high-energy low-

atomic-number incident ions such as He+.



Channeling Effect
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Electrons vs Ions
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• When an ion collides with electron clouds in the solid, it does not loose much energy and its 

direction of motion is hardly change, in a contrast with electrons colliding with electrons.



Calculated Ion Trajectories
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