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Jupyter Notebook Exercise 
 

Objective 
The aim of this exercise is to explore the nuances of photoresist coating, exposure and 
development. After understanding what factors affect the thickness of the obtained photoresist 
layer, we'll delve into how the design of a mask affects the resultant pattern upon development 
based on the light dose and its wavelength. An emphasis will be laid on the diffractive phenomena 
and its impact on the final developed pattern. 
 

Part 1: Spin coating 
The photolithography process starts with the coating of a thin photosensitive resist layer on your 
substrate. Follow the first part of the Jupyter notebook on spin coating.  
In the text it is explained that the thickness 𝑇 follows a law as a function of the spinning speed 𝜔: 

𝑇 = 𝛼 ×  𝜔−𝛽. 
1. With the given data pairs (𝜔, 𝑇) for two types of resins (LOR and AZ1512H), find the best 

values 𝛼 and 𝛽 for each resin. 
Hint: use the sliders of 𝛼 and 𝛽 to make the green dotted line as close as possible to the data 
points. 
BONUS: you can write code that finds alpha and beta by regression.  

2. Which of these parameters is more dependent on the resin type? Why? 
3. Using the found values of 𝛼 and 𝛽 for AZ1512H and the scaling law, find the required 

rotation speed for obtaining a thickness 1.5 microns. 
 

Part 2: Decoding the Exposure-Development Curve 
The photolithography process continues with the exposure to specially structured light, followed by 
a chemical removal of the resin in the undesired regions. For a positive resist as AZ1512H, the 
regions removed are the regions exposed. 
 
Visualize a scenario where a thick layer of resist undergoes exposure from a uniformly distributed 
light source for a set duration, followed by development. The primary graph in your notebook shows 
the relation between the developed depth (indicating the amount of resist removed) and the 
surface accumulated dose (measured in mJ/cm2). 
 
1. Qualitative Analysis: Describe the form of this curve. Particularly, can you pinpoint and interpret 
what transpires at dose 15 to 30 mJ/cm2 in this scenario? 
2. Practical Application: Utilizing the data and the code provided in the notebook, determine the 
doses needed to fully expose resist of the specified thicknesses. 
HINT: Do you remember the function interp1d from the oxidation notebook? 
 

Thickness (nm) Required dose (mJ/cm2) 

500  

700  

1000  

1500  

2000  
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Part 3: Dissecting Light Diffraction and Its Implications 
When a patterned mask is introduced in the light's path, it results in a non-uniform exposure on the 
resist. However, due to light's wavelike nature, diffraction patterns may form for opening sizes 
comparable to wavelength. We have used a far-field approximation combined with Fourier 
transforms to model this effect. Consequently, the dose on the resist deviates from the mask's 
shape, forming an oscillatory profile. 

For illustration of these effects, we're using a mask showcasing three distinct line widths 
(‘mask_ThreeFingers.txt’). The notebook’s code allows to calculate and visualize the dose 
accumulated by the resist as a function of the substrate's x,y coordinates. The markdown text in the 
notebook explains what is represented in each of plots. To examine the dose profile along a single 
line, a y_pixel slider has been implemented. Position yourself in y_pixel=175, observe how the dose 
varies along x. In the line plot frame, the dose function (blue) and the interpolated development 
function (orange) provide valuable insights. Furthermore, a dedicated procedure analyses these 
functions to find the boundaries between developed and non-developed areas and thus estimating 
developed line thickness. The resulting finger width values are printed above the line plot (only if 
found).  

Employing these tools, populate the table below to document your findings as you transition the 
dose from 70% to 160% of the threshold. Capture the resultant width for each mask line width (the 
percentage is relative to the threshold value). Consider that sometimes you will not obtain the 
desired development function profile (too many oscillations may happen, or no development at all); 
when that happens report it in the table. 
 

 𝜆 =157 nm 193 nm 248 nm 365 nm 405 nm 436 nm 

Line 500 nm Source 1 Source 2 Source 3 Source 4 Source 5 Source 6 

Dose 70 %       

Dose 100 %       

Dose 130 %       

Dose 160 %       
 

Line 1000 nm Source 1 Source 2 Source 3 Source 4 Source 5 Source 6 

Dose 70 %       

Dose 100 %       

Dose 130 %       

Dose 160 %       
 

Line 2000 nm Source 1 Source 2 Source 3 Source 4 Source 5 Source 6 

Dose 70 %       

Dose 100 %       

Dose 130 %       

Dose 160 %       

 
4. How does the dose impact the results? How does the wavelength influence the outcomes? When 
do these effects become most pronounced? 
 

Part 4: Experiment with Different Patterns 
 
We have provided a bunch of text files encoding different geometries. Analyze the resultant 
developed patterns when varying the chosen shape or its characteristic dimension. Try triangles, 
stars, tightly packed fingers, etc. etc. etc. You can do this by uncommenting the corresponding line 
importing the files. Be careful to only make a single import at a time. 


