
Preparation of manganes oxide thin film  
using the ALCVD (ALD) technique 

 
Manganese oxides 

Manganese forms a number of oxides with varying oxygen content, MnO – Mn2O7, 
where each of the oxides in addition has several crystalline modifications 
(polymorphs). Manganese oxides are mainly semiconductors and the conductivity 
increase with increasing oxidation state. 
MnO2 has shown good properties as a protecting and conducting layer on Ta2O5 in 
some capacitors. MnO2 is thermodynamically unstable at ambient conditions, and 
must therefore be prepared under special conditions. MnO2 is also of interest in the 
battery industry because one of the polymorphs is used extensively as counter 
electrode in most batteries. Mn3O4 and Mn2O3 are of interest e.g. for energy storage. 
One of the recently investigated properties of manganese oxides is the electrochromic 
properties. This means that colour or optical absorption in a film of the material may 
change by applying an electrical field. Manganese oxides, and especially MnO2, are 
also well suited as catalysts in a number of reactions involving hydrocarbon oxidation. 
 
The ALCVD (ALD) method 

ALCVD (Atomic Layer Chemical vapour Deposition) or ALD (Atomic Layer 
Deposition) is a type of CVD technique. In “ordinary” CVD the reactant gases are 
brought together into the reaction chamber. In this way a high growth rate is obtained, 
but at the same time the possibility of uncontrolled growth and gas phase reactions 
increases. In ALCVD each gas is pulsed separately into the chamber, followed by a 
flushing step using inert gas. 
When a chamber is filled with gas a layer of molecules will be deposited on all 
surfaces of the chamber. These molecules may be physically or chemically adsorbed 
on the surface. (Fig. 1a) 
 

 



 
Figure. 1. The various steps in a ALCVD cycle. A) Pulsing of reactant X. B) Flushing 
using an inert gas in order to remove the molecules in the gas phase. C) pulsing with 
reactant Y, which reacts on the surface. D) flushing by inert gas. 
 
The difference between physical and chemical adsorption depends on the strength of 
the interactions between the molecules and the surface. If the molecules are bound to 
the surface only by van der Waals interactions, then it would be considered as 
physisorption (up to ca. 40 kJ/mole). This type of adsorption has no activation energy 
attached. If the adsorption involves stronger bonds, i.e. ionic or covalent bonds, it is 
considered as chemisorption. This type of adsorption often involves rearrangement of 
the adsorbed molecules, and includes activation energy. This case is often considered 
as a reaction of the molecules with the surface. In most cases of chemical adsorption 
this will only involve the first layer attached to the surface. Subsequent layers will be 
physically adsorbed. 
During an ALCVD pulse the substrate (and all other accessible surface) will be coated 
by a layer of molecules, which should be chemically adsorbed. After a certain pulse 
length the chamber is flushed by an inert gas, Fig. 1B. This will remove all reactive 
molecules in the gas phase, and is the flushing step is long enough, all physically 
adsorbed molecules will be removed as well. The result is a chemically adsorbed layer. 
In the next step a pulse of a different reactant will be introduced, which will react 
chemically with the previously adsorbed layer, Fig. 1C. In this manner the film is 
grown layer by layer, Fig 1D. 
As the method is very precise and “binary”, it is ideal for preparing thin films, which 
cover large areas and has an even coating over edges and steps. If this is compared 
with “ordinary” CVD the possibility of gas phase reactions is eliminated. This 
prevents formation and deposition of particles which may ruin the film. In ALCVD the 
point is that the precursor should not decompose. This is often the opposite as for 
CVD where some processes utilize thermal decomposition of the precursor in stead of 
chemical reactions. This limits the possibility of direct transfer of CVD processes to 
ALCVD, but increases the possibility of controlled growth. In a CVD process 
reactants are needed which will react with each other, without being so reactive that 
gas phase reactions occur. The ALCVD process, on the other hand, may use more 
reactive precursors than the CVD process.  
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The exercise 

 
In this exercise a manganese oxide will be prepared by ALCVD technique. The 
purpose of the exercise is to obtain some experience with metalorganic synthesis, to 
work with purity considerations and to work with large up-to-date equipment. In 
addition, experience using a sublimator for purification of compounds will be 
obtained. 
 
Experimental 

 
Chemicals used in the exercise 
KMnO4  
MnCl2x4H2O methanol 
2,2,6,6-tetramethyl-3,5-heptadione (thd) trichloroethylene 
NH3 acetone 

 

 

The precursor 

 
The first step is to prepare the precursor, Mn(thd)3. The precursor is prepared by a 
Lewis acid/base reaction where electron pairs from thd are used for complexing 
electron poor Mn. thd is a β-ketone; the enole form is therfor fairly stable and may 
also react as an acid (as shown below). We will attempt to make the acid form a 
complex with Mn3+. 
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As there are no easily accessible and stable Mn(III) salts, we have to prepare a solution 
which contains a formal mean oxidation state of manganese of 3. This is doen by 
mixing the appropriate amounts of MnCl2×4H2O and KMnO4. 
 
- Write a reaction between MnCl2×4H2O and KMnO4 and calculate how much of each 
is neede to prepare 0.01 mole Mn(thd)3. 
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Weigh these amounts separately. MnCl2 is first dissolved in 50 ml. methanol in a 100 
ml beaker. KMnO4 is dissolved in 10 ml. water and added to the Mn2+ solution. Let it 
stand covered under stirring in ca. 15 minutes. 
In the mean time the calculated amount of thd is measured in a graduated cylinder. 
(Do not waste any of the thd, as it is very expensive!) Also prepare ca. 100 ml of a 
2.5M aqueous solution of NH3. 
Arrange the beaker with the manganese solution, pH electrode and magnetic stirrer as 
shown in the figure below. Mix the reactants simultaneously and dropwise while 
keeping the pH between 6 and 7. This is very important, so please be careful! Start by 
adjusting the pH in the solution using NH3. 
 

6.47

NH
3thd

 
Mixing thd and ammonia while maintaining a pH between 6 and 7. 
 

When all thd has been added stirring is continued over night. 
When the solution has been stirred over night it is suction filtered in the appropriate 
glass sinter filter, used only for this compound. The brown precipitate is washed at 
least twice with a 50% solution of methanol in water, the solution should be cold. (If 
in doubt, please ask the laboratory responsible.) 
Distribute the washed pricipitate onto a large watch glass and dry it in a vacuum 
furbace. Set the vacuum furnace to ca. 60˚C and let it stand over night. 
When the product is dry it must be purified by sublimation. The laboratory responsible 
will demonstrate how the sublimation equipment works. The principle of the 
sublimator is described below. 
The sublimator may be described as a vacuum furnace with e temperature controlled 
cold finger. The principle is to heat the compound to obtain a suitable vapour pressure 
and deposit it onto the cold finger. The finger should keep a temperature slightly 
below that of the furnace. Everything is kept under vacuum to increase the diffusion 
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rates. The sublimation is initiated by setting the temperature of the finger relatively 
high and then increasing the temperature of the furnace while monitoring the pressure. 
The pressure should be below 0.2 mbar before the temperature is increased to the 
sublimation temperature. In this way water and high vapour pressure organic 
compounds will be removed from the sample. The final sublimation should be done 
slowly so that contaminants with a higher sublimation temperature are not carried with 
the sublimating compound. When a large part of the sample has sublimated, the 
temperature of the furnace may be increased while at the same time decreasing the 
temperature of the finger. (2-3˚C). For the compound Mn(thd)3 the finger and furnace 
may be set initially to 60˚C. Then the temperature of the furnace may be slowly 
increased to 100˚C while the temperature of the finger is lowered to 40˚C. 
When the sublimation is over, the apparatus is taken apart and the purified sample is 
scraped off the finger. The sublimator must be cleaned thoroughly with acetone. 
The melting point of the sample is determined and noted. Weigh the final product and 
calculate the yield.  
The precursor is now ready to be used. But before proceeding to the making of films, 
substrates must be washed. 

 
Figure X. Sketch of the sublimator. 
 
Washing substrates 

 
Some substrates will be handed out by the laboratory responsible. Remember that any 
carelessness in the washing procedure and touching of the substrates will become very 
visible after growing the film… 
The substrates are washed by first treating them with warm trichloroethylene, warm 
acetone and warm ethanol, each step for 5 minutes. Thereafter they are washed with a 
special soap and cotton on each side before being rinsed with plenty of spring water 
and finally distilled water. They are then dried as fast as possible by an air blower. It is 
important that the substrates do not dry in between each step as impurities may 
crystallize. 
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It is not the intention that you should run the ALCVD machine by yourself; the 
laboratory responsible will show you how this is done. 
 
Ozone is the other reactant in the production of the manganese oxide films. Ozone is 
produced by electrical discharges in a chilled container. In this equipment the ozone is 
produced in a commercial ozone generator. The laboratory responsible will introduce 
you to the operation of this. It is important to remember that ozone is an environmental 
poison for humans so that all leakage must be avoided. 
 
After producing the films, sketches should be made of the substrates and observations 
should be noted. The laboratory responsible will determine the thickness of the films 
using X-ray profilometry (reflectance). 
 
Questions to the exercise. 
- Mention some advantages and disadvantages of ALCVD compared to ”ordinary” 
CVD. 
- How would you proceed when making thin films of TiN and TiO2? 
- Point out the purpose of each step of the washing procedure. 
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