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The present study shows the application of spin coating method in coating a thin layer of PMMA (Poly (methyl 
methacrylate)) from its solution in 1,2 Dichloroethane. The dependence of the polymeric film thickness h on concentration of 
polymer in the solvent c and the angular velocity ω  is obtained experimentally as 53.066.12.3 −= ωch . The reason of 
changes in the constant coefficients in different equations is distinct by comparing them with different solvents. This 
comparison shows that these constant coefficients in above equation depend on solvent type and the vaporization of 
solvent. The relationship between viscosity and concentration has been investigated and defined that viscosity can 
indirectly cause increasing the exponent of concentration or directly entered in equation without influencing in exponent of 
concentration that both of them cause the same result. Finally the surface morphology is related to the effective parameters 
in thickness and their effects on surface uniformity are discussed. It is shown that the factors which cause an increase in 
thickness may reduce the surface quality which limits the thickness of the layer produced by this method. Therefore, for a 
desired thickness, attention should be paid to the influence of different parameters on the surface uniformity; and optimum 
values should be chosen for controlling both thickness and surface morphology. 
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1. Introduction 
 

Spin coating is a method widely used in coating 
polymers. In many opto-electronic applications, such as 
Organic Light Emitting diodes (OLED) and photovoltaic 
cells, a thickness of less than 200 nm is desirable [1,2]. To 
produce a coating with such thickness, dilute solutions of 
polymer is used.  

Because of its ability to produce uniform layers, 
transparency in visible wavelengths and its suitable glass 
transition temperature, PMMA (Poly (methyl 
methacrylate)) is used as host in many opto-electronic 
applications. In thin film coating applications, achieving 
the required thickness with desirable surface quality is 
very important. Generally, thickness of layer in this 
method is dependant on angular velocity, primary 
concentration, viscosity of solution and solvent 
vaporizability [3, 4]. The nature of this dependency varies 
across different materials and solutions. However, 
thickness generally depends on the weight percent of the 
polymer in solvent, c and angular velocity ω  as indicated 
in the equation (1) below [5,16]:  

 
αω−= Kch                                  (1) 

 
In this equation, α is a constant and the coefficient K 

depends on the solvent type, viscosity value and 
vaporizability rate. Since thickness generally depends on 
the angular velocity ω  and concentration c, Walsh et al. in 
their study obtained the thickness of a layer coated by 

polymer PMMA with a molecular weight of (MW 
=101300) as follows [6,7]: 

 
αω −= nAch                            (2) 

 
And experimentally achieved the following equations 

for two different solvents:  
 

51.056.1c92.0h −= ω Solvent: Toluene (3) 
 

5.033.1c3.4h −= ω Solvent: Chloroform (4) 
 

In both equations (3 and 4), the exponent of ω  is the 
same value; but they have not provided a precise 
justification for the power of c. Furthermore, coefficient A 
has been attributed to the vaporization of the solvent 
without any clarifications. 

In this paper, a thin layer of polymer Poly methyl 
methacrylate (PMMA) with a molecular weight of 996000 
coated by spin coating method has been investigated. By 
using Dichloroethane as solvent, the experimental 
equation 8 was obtained. Comparing this equation with the 
one for different solvents (3,4) we studied the reason of 
variation in exponent of concentration and related it to 
viscosity. Also the effect of participate factors that 
influence in both thickness and morphology of surface is 
studied. The manner of achieving a film with desired 
thickness in high uniformity explained.  
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2. Materials & procedure of experiment 
 
2.1. Preparation of material and solvent 
 
PMMA (MW =996000), 1,2 Dichloroethane, 

Dichloromethane, and chloroform all from Aldrich were 
used in the experiments. 

 

 
 

Fig. 1. Schematic Structure of PMMA polymer 
 
 

PMMA, which weighed in 0001.0±  gram accuracy, 
was dissolved in all of the three aforementioned solvents 
at given percents by means of an ultrasonic bath; the 
resultant solution was then filtered through a 0.7 µm filter. 

 
 
2.2. Viscosity measurements 
 
For viscosity measurement a simple method was used. 

The time necessary for the solution to pass through a 
capillary tube is measured and compared with that of the 
solvent. Viscosity of the solution is proportional to its 
density and flow time through the fine tube. Since our 
solutions are diluted, the densities of the solvent and 
solution are assumed to be approximately equal. 
Therefore, Equation 5 may be used to obtain the relative 
viscosity rν :  

00
r t

t
==

ν
νν                                 (5) 

 
    Where ν  and 0ν  are respectively the viscosity values 

for the solvent and the solution. By calculating the  rν  
and with the solvent viscosity, we can obtain the solution 
viscosity. 
 
 

2.3. Substrate preparation 
 
Due to the low thickness of the polymeric thin layer, 

substrate cleaning is of great importance. At the beginning, 
the glass slides were cut out in given dimensions followed 
by washing by de-ionized water and soap. Afterward, they 
were successively put for 20 minuets in acetone, propanol 
and methanol in the ultrasonic bath and washed using de-
ionized water. Finally, the substrate was dried in the oven 
at 80◦ C for 30 minutes to remove the excess water. 

2.4. Spin coating and thickness measurement 
 
A Novocontrol Technology spin coating system was 

used in this study.   Spin coating was achieved by pouring 
the solution on a clean substrate to fully cover it. After 
selecting the velocity of the spin coater, it was switched on 
to start coating.  The velocity used in the experiments was 
around 1500-3000 rpm. The spin coating duration for all 
samples was 30 seconds. To remove the extra solvent from 
the layer, the samples were placed in the oven at a 
temperature of 60◦c for 30 minutes after spin coating. For 
measuring the thickness of the layer, the layer was 
removed partly to make a step suitable for surface 
profiling. Surface roughness of the polymer layer and also 
its thickness were measured using a profile meter 
(Dektak8000). 

 
 
3. Results 
 
In this section the results of the experiments on 

studying the effect of different parameters such as angular 
velocity, concentration and viscosity are presented.   

 
3.1. The effect of angular velocity 
 
To investigate the effect of angular velocity on the 

thickness of PMMA, the solutions formulated in 1% wt 
Dichloroethane were coated at different velocities. The 
thickness of each sample was then measured, as shown in 
Table 1. 
 
 

Table 1. Effect of angular velocity on the thickness of 
polymer in dichloroethane. 

 

 
 
 

 
 

Fig. 2. Thickness of PMMA in Dichloroethane vs. coating 
velocity. 
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Fig. 2 shows the experimental results and the curve 
fitted with function y = k ω“. The constants obtained in 
this function are presented in equation 6:  

 
   53.0c76.3h = Solvent: Dichloroethane     (6) 

 
As the equation clearly suggests, thickness is partially 

proportional to angular velocity as reversed square, which 
is in line with theoretical results and also with the previous 
results obtained for PMMA.[4,5,7,9,10] 

 
3.2. The effect of concentration 
 
As expected, by increasing the concentration, 

thickness of layer increases as well. The changes in 
thickness observed at a velocity of 2100 rpm are shown in 
table 2 and plotted in Fig. 3. 

 
 

Table 2. Effect of concentrations on thickness of polymer 
in dichloroethane. 

 

 
 

 
Fig. 3. Thickness of PMMA in dicholoroethane vs. coating 

concentration. 
 

 
Fitting this curve with nkcy =  produces equation (7) 

which shows relativity between thickness and 
concentration.  

 
66.1064.0 ch = Solvent: Dichloroethane (7) 

 
The obtained exponent (1.66) for concentration is 

larger than the one reported for toluene and chloroform 
[7,8]. Therefore, to find the rationale for this disparity, 
some viscosity measurements had to be performed. 

Comparing equation 6 with 7 and also considering 
equation (2) reveals the dependence of thickness on both 
concentration and angular velocity:  
 

53.066.1c2.3h −= ω                          (8) 

3.3. The effect of viscosity 
 
To investigate viscosity, we used the proportional 

viscosity method explained above. The dependence of 
viscosity on primary concentration was reported as a 
power-law function as assumed in equation (9) [5,11]: 

 
n

0 ac+=νν                                  (9) 
 

In this equation, the first term is relative to solvent 
viscosity 0ν  and the second one to viscosity of polymeric 
solution, respectively; "c" is the primary concentration. 
Table 3 and figure 4 are showing the results obtained for 
three different solvents. 

 
 

Table 3. Viscosity dependency on concentration  
 

 
 

 
 

Fig. 4. Viscosity dependency on concentration for three 
different solvents. 

 
 

By fitting the obtained results (for the dependence of 
viscosity on concentration) with equation 9, the following 
results will be obtained: 

 
51.0c12.0v 3.1 +=                             (10) 

 
82.0c17.0v 37.1 +=                           (11) 

 
44.0c08.0v 49.1 +=                           (12) 

 
The value of altitude in these equations equals the 

viscosity of solvent. Table 4 shows the exact value for 
these parameters [12] 
 
 
 



Morphological and thickness analysis for PMMA spin coated films 
 

Table 4. Viscosity dependency on solvent. 
 

 
 
Values in Table 4 seem rather compatible with 

equations 10-12.  
As said before, the second term in equations 10-12 

refers to the polymeric solution viscosity. Although we 
used the same polymer in all of the three experiments, 
changing the solvent also varies the first terms. 

Since the term of solvent viscosity is already 
separated ( 0ν ), the difference between first terms can be 
inferred to be just due to the polymer viscosity variation in 
different solutions. 

 
 
4. Discussion  
 
In the light of equation (8), the dependence of 

thickness on both concentration and angular velocity is 
obtained as an exponential term, and can be obtained 
through equation (2) with the thickness value given. To 
explain for the changes in the exponents of concentration 
in different solvents, equation (1) is selected as the 
primary equation. In this equation, K is dependent on 
viscosity and can be permuted into an exponential form 
[5,13,14].  

αων m
0Ach =                          (13) 

 
Where A is a constant and v is the solution viscosity. 
Comparing the results of dichloroethane concentration 

(Table 2) with equation (13) results in: 
 

7.137.1 )82.0c17.0(c064.0h +=          (14) 
 

(Angular velocity has been a constant throughout the 
experiment, hence a constant coefficient in equation (14))  

According to equation (14), direct effect of 
concentration is as order one. 

By comparing the latter equation with equation 7, we 
can divide concentration effect into two parts: order one, 
which is deemed as the direct effect of concentration and 
the remaining order, which can be regarded as the 
viscosity effect. 

Comparing the results obtained in this study with 
those reported by Walsh (equation 3 and 4) shows that the 
order of concentration calculated in our equation is greater 
than its corresponding value in toluene and chloroform 
because the viscosity of dichloromethane is greater than 
that of toluene and chloroform, and also because our 
polymer’s viscosity proves to be greater due to its 
molecular weight,.  

To explain for equations 3 and 4 one should say that, 
although the viscosity of toluene and chloroform are 
approximately equal, (toluene = 0.59 cp and chloroform = 
0.57cp), polymer viscosity in different solvents can be 

different, for the reasons explained in equations 10-12. 
The same fact even applies in where viscosity values of 
solvents are equal. Therefore, any changes in solvent 
viscosity cause changes in order of concentration. 

 The constant indices in equations 3, 4 and 9 increase 
(which is explained by changes in solvent’s vapor 
pressure) with concurrent increase in the amount of 
vaporization. Vapor pressure amounts for the three 
different solvents used in the study are shown in table 5 
[12].  
 
 

Table 5. Vapor pressure dependency on solvent. 
 

 
 
 
Any increase in the solvent’s vapor pressure causes 

the solvent to vaporize faster and for the polymer’s layer 
to freeze more quickly, which lead to an increase in layer’s 
thickness.  
 
 

5. Investigation the uniformity of layer  
 
5.1 Effect of concentration 
 
Table (6) shows surface fluctuation values (from peak 

to valley) for different concentrations of PMMA in 
dichloroethane. Coating rate was set at 2280 rpm. 
 
 

Table 6. Fluctuation of surfaces for different PMMA 
concentration. 

 

 
 
 
The changes observed in the roughness of surface 

suggest that as the thickness increases [15], so does the 
fluctuation-thickness ratio to the extent that at 5% 
concentration, this fluctuation is too variable to be 
measured properly. Therefore, it can be concluded that 
increasing concentration is not an appropriate way to 
increase thickness; rather, to obtain a uniform thickness 
we have to find the optimal concentration and modify 
other factors to achieve the desirable thickness.  

 
5.2 Effect of coating rate 
 
Surface fluctuation changes at 1% concentration of 

dichloroethane are shown in table (7). 
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Table 7. Fluctuation dependency on angular velocity. 
 

 
 
At these rates and ranges of concentration, surface 

fluctuations do not change considerably by increasing the 
coating rate.  

 
 
5.3. Effect of solvent 
 
Changes in surface fluctuations at 2280 rpm and at 

1% concentration are shown in table8. 
 

Table 8. Fluctuation dependency on solvent 
 

 
 
 
As it can be seen in table 8, as solvent vaporizability 

increases (Table 5), fluctuations increase as well. This is 
not unexpected because the polymer loses the solvent and 
freezes without having enough time to become thin and 
spread uniformly; therefore, surface quality decreases [17].  

Figs. (5) and (6) show the wavy surface fluctuations 
for the polymers in dichloroethane and chloroform. 

This wavy form is known as the striation form, which 
is created as a result of variations in the adhesion of 
solvent at different points caused by changes in 
evaporations of solvent. This form is often seen in solvents 
which have high evaporation rate. 

The images in Figs. (5) and (6), which were produced 
by a microscope at 550X, illustratively compare this form 
in two thin layers coated by PMMA solved in different 
solvents. 

The observed fluctuations in the sample produced in 
dichloroethane solution are fewer in comparison to the 
ones observed in the chloroform solution. 

 

 
 

Fig. 5. PMMA solved in dichloroethane (2%wt). 
 

 
 

Fig. 6. PMMA solved in chloroform (2%wt). 
 
 
5. Results and discussions 
 
Thickness of PMMA can be controlled by changing 

the concentration, spinning rate and the solvent type. In 
our experiments, angular velocity affected the thickness 
approximately in reverse square. The effect of 
concentration depends on the solution’s viscosity, which in 
turn depends on the molecular mass of the given polymer 
and the viscosity of the solvent. Furthermore, 
vaporizability of the solvent also affects the ultimate 
thickness as a constant index.  

To obtain the desirable thickness with appropriate 
quality in low thickness cases, we have to achieve 
optimality in concentration, spin velocity and the type of 
solvent. Increasing the concentration of solution will 
rapidly decrease the uniformity of the layer. Therefore, 
lower concentrations are highly recommended. By 
changing the angular velocity, we can change the 
thickness without incurring any loss in the uniformity of 
the surface. Furthermore, the type of solvent selected plays 
an effective role in uniformity of surface and in the 
ultimate thickness as well. A solvent with low 
vaporizability brings about better uniformity of surface 
and also produces lower thickness. Therefore, the solvent 
should be selected on the bases of the desirable thickness 
and uniformity. 
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