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Introduction

Scaling up the manufacturing of atomically thin layers (2D materials)
demands high-throughput non-destructive characterization techniques
to quickly provide insights into the materials’ quality and yield. 2dreflect
is an analysis software tool developed to characterize experimental
samples of 2D materials, including monolayer, homogenous multilayer
and heterostructure, based on the simulation of their theoretical optical
contrasts under certain illumination wavelengths. The tool’s simulation
employs transfer matrix method for layered structures to compute the
relative contrast of the 2D materials and uses this result to draw
information about the samples such as number of layers, defects and
commensuration between stacked layers, etc.
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1. Preparing your data
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1.1. The measurement setup
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substrate
2D layersThe images to be analyzed by this tool can be obtained by a typical microscope 

setup with a camera. Details of the tested setup could be found in the paper by 
Wan Li et. al.1

• FD: field diaphragm, which controls illumination aperture
• BP: band-pass filter, which controls illumination wavelength
• BS: beam splitter

Since the theoretical model computes the contrast for specific wavelengths, each 
acquired image should be monochromatic. The objective should have small numerical 
aperture to be as close to the zero incident angle as possible.

The substrate that carries the 2D materials can be a bare substrate or a substrate with a coating 
layer such as SiO2/Si. 2dreflect allows you to select between these types of substrates.

1Li, Wan, et al. "Direct optical visualization of graphene and its nanoscale defects on transparent 
substrates." Nano letters16.8 (2016): 5027-5031.



1.2. Recording images for analysis
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Two images need to be recorded for 2dreflect to do its calculations:
• Background image: image of the substrate without 2D materials, in tiff format
• Material image: image of the area where there are 2D materials, in tiff format

Taking these two images properly is very important 
to obtain reliable analysis. Parameters when 
recording Background image and Material image 
have to be the same. The parameters to check are:

Background image 
(bare substrate)

Material image (with 
triangular 2D crystals)

• Wavelength
• Aperture
• Focus

• Image size
• Exposure time
• Illumination power

Ideally, Material image should be taken right after 
Background image or via versa. The measurement 
should be planned so that each Material image would 
have a corresponding Background image taken under 
the same parameters 

These two images were taken under 
similar parameters such as aperture, 
wavelength, etc.



2. Using 2dreflect to analyze 
your data
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2.1. The model used by 2dreflect
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The contrast of the 2D materials is calculated using 
transfer matrix formulation:

With r, t being reflection and transmission coefficients 
according to Fresnel’s equations. The transfer matrix of 
the layered system is then calculated:

Fresnel coefficients

Phase shift
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Tool’s 
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2.2. Tool procedure: overview of the GUI
Upload and 
download 
from/to 
user’s 
computer
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2.2. Tool procedure

In panel 1, describe the images of your sample:
• Substrate: currently the software supports sapphire and 

Si/SiO2 substrates. The thickness of SiO2 layer could be 
specified after hitting “Calculate theoretical contrast”

• Wavelength: three illumination wavelengths are supported: 
450nm (blue), 532nm (green) and 610nm (red)

• 2D materials currently supported are MoS2 and WS2, each 
characterized by the thickness, n and k (real part and 
imaginary part of the complex refractive index, respectively) 
of the monolayer

Then hit “Calculate theoretical contrast”. The contrast values of 
the substrate, monolayer and bilayer compared to that of the 
substrate are then displayed, from left to right, for your 
reference.
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2.2. Tool procedure
Next, in panel 2 upload your background and material 
images. Currently, only tiff format is supported. The 
software also provides some example pairs of 
Background and Material images of MoS2 and WS2. 

Your uploaded images will be displayed in the 
output panels, verifying the images are read 
successfully. Please make sure to select the correct 
pair of background and material images, since the 
latter will be divided by the former. Incompatible 
images will result in error in the calculation.

Successfully read background and material images are shown in the 
Image/Layer mapping panel
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2.2. Tool procedure

Numbers of 
layers are 
color-coded…

…and how much for 
each of them per 
total area of the 
aperture

• In panel 3, select a threshold in the 
recommended range and hit “Do it”

• This threshold is the deviation from the 
calculated value within which the 
measured contrast will be assigned to 
the layer number of the calculated value

• Vary the threshold until you obtain a 
satisfactory mapping of layer number

In panel 4, the following analysis results will be saved in 
the same folder where the analyzed images are located: 
layer mapping, areal percentage, and error image, which 
is the mapping of the difference between calculated and 
measured contrast



Contacts
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If you have any questions regarding the use of the tool, please 
contact the development team through the NanoHub tool page

2dreflect’s github repository: https://github.com/nanoMFG/2dreflect


