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1. Introduction – Atomic force microscopy (AFM) is a well-known tool for studying surface roughness

and to collect depth information about features on the top atomic layer of samples. By combining

secondary ion mass spectroscopy (SIMS) with focused ion beam (FIB) milling in a scanning

electronmicroscope (SEM), our aim was to visualize and locate chemical information of sputtered

structures with high lateral and depth resolution. In this project, a high vacuum (HV) compatible AFM

has been installed in a TESCAN FIB-SEM instrument, that was equipped with a time-of-flight secondary

ion mass spectrometry (ToF-SIMS) detector [1]. To investigate the crater’s depth and roughness

formation caused by the FIB sputtering, subsequent AFM measurements were performed on a multi-layer

vertical cavity surface emitting laser (VCSEL) sample. The combination of chemical information, surface

roughness and sputter depth were used to aid 3D reconstruction of the sputtered volume. The interaction

of the different analysis techniques and detectors was controlled by a python script. The integration of

complementary detectors opens up the ability to determine the sample properties as well as to understand

the influence of the analysis method on the sample surface during the analysis.

2. Results and Discussion - To compensate for the difference in sputtering rate for different layers, the

AFM data was used to create a depth-calibrated data set for the 3D reconstruction. For each set of AFM

measurements, the average sputtering depth was assigned to the preceding 20 ToF-SIMS frames.

Intensities of ToF-SIMS frames corresponding to 20 nm depth were then integrated and plotted on the x-y

axes by using a unitary intensity scale, as shown in Image 1. The x-y position of the sputtered volume was

defined by the position of the FIB beam during the sputter process.

3. Conclusions - The biggest challenge for ToF-SIMS to be considered as an efficient 3D technique is to

be able to accurately determine the depth from where the signal came from. The proposed combination of

AFM and ToF-SIMS techniques takes us closer to achieve signal depth localization. It will be

demonstrated that consecutive sputtering and surface measuring can be successfully applied on materials

which are ordered in an epitaxial manner.
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Image 1. AFM depth-corrected 3-

dimensional distribution of 27Al, 69Ga and 
115In ions.  

X and Y axes correspond to 5 µm lateral 

length, Z axis has been lengthened (~6 

times) for better visualization, as in 

reality it only corresponds to 1.1 µm 

depth. 
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