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Materials and Methods 

Sol-Gel Process 

Flask A Flask B 

Mix 0.098 g of  manganese 

acetate, 50 mL 2-MOE,  

50 mL acetic acid 

Stir @ 25°C for 24 hr 

To 5 mL of  solution add 

0.821 mL acetylacetone 

Stir @ 25°C for 2 hr 

Add 1.004 mL niobium 

ethoxide 

Stir @ 25°C for 2 hr 

Mix 1.805 g sodium 

acetate, 2.519 g potassium 

acetate, 25 mL 2-MOE,  

25 mL acetic acid 

Reflux @ 80°C for 2 hr 

Transfer 5 mL flask-B solution into flask-A 

Reflux @ 40°C for 48 hr 

Add 0.444 g PVP 

Stir @ 25°C for 24 hr 

Refrigerate solution at 4°C until ready to deposit.  

Spin Deposition 

Spin @ 3000 rpm for 30 sec 

Hot plate bake @ 200°C for 5 min 

Hot plate bake @ 400°C for 5 min 

Rapid Thermal Anneal @ 550°C for 5 min 

10 Layers Introduction 

(2) Glove box 

where mixing 

and stirring 

occurred 

(3) Rotating 

evaporator 

where refluxes 

occurred 

Two 500 mL round bottom flasks are needed: Cover the surface of a clean 30 mm x 30 mm 

platinized silicon wafer with the KNN solution: 

Cut the wafer into 10 mm x 10 mm squares 

and anneal one at each of the following 

temperatures while flowing O2 gas: 

600°C, 650°C, 700°C, and 750°C 

(4) Materials (5) Spin Deposition (6) Hot Plate 

(7) Rapid Thermal 

Annealer 

(8) Wafer with 

10 layers of 

KNN solution 

Conclusion 

A Mn-doped KNN solution was able to be made, 

then deposited onto a Pt-Si wafer.  The electrical 

properties of the KNN thin film can now be tested. 

(9) Final KNN 

thin films after 

annealing 

(From above, the ratio of  Na:K is 50:50 weight %.  The ratio of  2-MOE:Acetic 

Acid is 1:1 v/v.  The ratio of  acetylacetone:2-MOE is 1:1 wt/wt.  These give a 

final solution of  0.4 M KNN 50/50 with 1% Mn doping.) 

(1) Perovskite 

crystal with A-

site, B-site, and 

Oxygen 

Abstract 

A 0.4M manganese-doped potassium sodium 

niobate solution, K0.5Na0.5NbO3, was produced by 

the sol-gel method.  The solution was then 

deposited as a thin-film on platinized silicon wafers 

by spin coating, pyrolysis and crystallization. 

 

 
Lead-containing oxides, such as lead zirconate 

titanate (PZT), are ubiquitous in piezoelectric 

devices including transducers, capacitors, and 

actuators.  However, because of the toxicity of 

lead, related to component fabrication and 

disposal, an emphasis has been placed on 

studying ceramic piezoelectric compounds that do 

not contain lead.  Potassium sodium niobate 

(KNN), is one of these compounds.  PZT and KNN 

both adopt the perovskite structure.  At room 

temperature, they generate an electric response 

when placed under mechanical stress 

(piezoelectric).  The stability of most piezoelectric 

materials can be enhanced by doping the material 

with multi-valent cations.  In this case, 

manganese was the doping agent used to partially 

substitute for the niobium at the “B-site” of the 

crystal.  (See figure 1) 

Because KNN decomposes when exposed to air, all 

mixes and stirrings were completed in a glove box 

under low pressure conditions.  Also, all refluxes 

were completed in a rotating evaporator in silicone 

oil under an argon ambient.  Extra care was 

taken, during the spin deposition, not to expose 

the KNN solution to the open air any more than 

was completely necessary.     


