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Abstract  

Purpose: Several studies were carried out in the field of neural microelectrode that caused the different 

generation of neural electrode appeared. Neural microelectrode has an important effect on the BCI interference 

and also is used in medical applications such as the detection and treatment process of different diseased. 

Therefore, achieving the structure of the electrode that has the high ability at recording and stimulating is so 

essential. This article aims at studying the different structure of Microelectrode, according to MEMS technology, 

and comparing their properties. 

Materials and Methods: In this research, we introduce 7 designs for microelectrode fabrication that 3 designs 

are according to research that has been carried out so far and 4 designs have been proposed by authors and their 

fabricated process described. The microelectrode performance was determined by cost, biocompatibility, 

mechanical and electrical properties.  

Results: The mechanical analysis was carried out using software and displacement, stress, and critical load 

factor calculated.  

Conclusion: At last, the performance of the designed electrode was compared according to those parameters 

and the application of each design on the practical experiment described. 

 

1. Introduction  
The neural microelectrode is the interface between the 

physiological system and machine that enhances the 

possibility of contact and study organ activity. Studying 

tissue activity is a significant factor in medical 

applications such as detection and cures of the various 

diseases including epilepsy, functional brain disorders, 

and sleep disorder. 

For example, in the cure, the process at epilepsy 

disease, we have two main choices, including using 

Magnetic Resonance Imaging (MRI) or deep neural 

electrode. The neural electrode has high accuracy in 

comparison to other methods. This advantage makes in a 

significant reduction in post-surgical complications that 

it's due to the reduction of the volume of tissue removed 

from the brain. Several studies have been carried out for 

evaluating neural electrode properties. For example in [1-

3] the fabrication process of microelectrode is introduced 

and the clinical result of using the electrode is shown. 

In [4] a complete research was carried out for studying 

the Biocompatibility of composite material in human 

tissue and at results shown that polyimide material is the 

best composite for the medical implant at [5] 

Comparative mechanical analysis for one-dimensional 

microelectrodes that have different base geometry and 

layer thickness carried out. It's shown that the ratio of 

shaft length to base must not be so much or less that 

makes failing microelectrode in the insertion process. 
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Also, according to the results, the sequence of 

mechanical resistance for a different material that is 

usually used in microelectrode fabrication from high to 

low are silicon, nickel, copper, and polyimide. 

According to significant neural microelectrode in the 

medical applications, it's important to fabricate a proper 

electrode for different application. As mentioned before, 

the proper material and geometry was described but until 

now no comparative research has been carried out about 

the sequence of the fabricated process. The main aim of 

this article is to introduce a fabricated process with 

mechanical analysis using COMSOL Multiphasic 

software. Also, it provides appropriate microelectrode 

design path for new MEMS designer. 

2. Materials and Methods  

In this section, the basic concept of microelectrode 

performance and electrode geometry are shown. Also, 

the fabricated process of 7 designs and simulation 

software are described. 

2.1.Performance of Neural Microelectrode 

As mentioned above neural electrode is the interference 

between physiological tissue and electrical system. The 

electrical system current is the electron while in the 

physiological system current flow is chemical. Therefore 

the connection between these two systems required the 

interference that converts electrical to chemical current. 

The microelectrode does this conversion at the Chemical 

reaction of oxidation and reduction that is shown in 

Figure.1. 

 

Figure 1. Oxidation and reduction reaction 

2.2.Microelectrode Design 

In this article, all studies performed on the one-

dimensional microelectrode that has 4 sites on its shaft. 

The geometry of microelectrode used at the fabricated 

process is shown in the Figure 2. 

 

Figure 2. Geometry of the microelectrode 

In this section, we introduce different designs for 

microelectrode fabrication according to MEMS 

technology. 

2.2.1. Design A 

The global structure of this design is according to [6] , 

that we changed materials of layer for a specific aim. The 

fabricated process contains 15 steps that the final 

structure of this design is shown in Figure.3. 

 

Figure 3. Structure of design A [6] 

 

The steps of the fabricated process are as follows: 

1. Choosing silicon as a substrate with a thickness 

above 70-micrometers. 

2. Polishing a wafer surface to achieve a soft surface 

with 70-micrometer thickness. 



   H. Amiri, et al. 

This journal is © Tehran University of Medical Sciences 125   Frontiers in Biomedical Technologies,  Vol. 6, No. 3 (2019) 123-132 

3. Coating 5-micrometer polyimide on the silicon 

substrate. 

4. Photoresist spin coating on the wafer. 

5. Making the wiring pattern of the electrode that 

connects the site to pad, on the photoresist using direct 

masking method and UV radiation. 

6. Putting the wafer in the diluted acid to remove the 

radiated part of the wafer. 

7. Chrome deposition with 100-nanometer thickness, 

by using Chemical Vapor Deposition (CVD). 

8. Au deposition with 100-nanometer thickness, by 

using chemical vapor deposition. 

9. Photoresist etching. (Si wafer was put into a nitric 

acid solution) 

10. Polyimide deposition with 5-micrometer thickness, 

by using the coating method. 

11. Photoresist deposition, by using the coating 

method. 

12. Putting the mask with a pattern for pad and site 

location on the photoresist then UV radiated. 

13. Wafer was put into a diluted nitric acid solution to 

remove the irradiated layer 

14. Etch process to open site and pad window. 

15. Extract geometry designed for the electrode that is 

shown in Figure.1. 

2.2.2. Design B 

The global structure of this design is according to [7-9], 

that we changed materials of layer for a specific aim. The 

fabricated process contains 16 steps that the final 

structure of this design is shown in Figure.4. 

 The first 3 steps of the fabricated process are similar to 

design A and other steps are as follows: 

4. Chrome deposition with 100-nanometer thickness, 

by using chemical vapor deposition. 

5. Photoresist spin coating on the wafer. 

 

Figure 4. Structure of design B [7-9] 

6. Making the wiring pattern of the electrode that 

connects the site to pad, on the photoresist using direct 

masking method and UV radiation. 

7. Wafer was put into a diluted acid to remove the 

radiated part of the wafer. 

8. Copper deposition with 700-nanometer thickness, by 

using Chemical Vapor Deposition (CVD). 

9. Putting Silicon wafer into nitric acid solution in order 

to etch photoresist layer  

10. Polyimide deposition with 5-micrometer thickness, 

by using the coating method. 

11. Photoresist deposition, by using the coating method. 

12. Putting masks with pad and site window on the 

photoresist then UV radiated. 

13. Wafer was put into a diluted nitric acid solution to 

remove the irradiated layer. 

14. Au deposition with 100-nanometer thickness, by 

using chemical vapor deposition. 

15. Photoresist etching. 

16. Extracting geometry designed from the electrode. 

2.2.3. Design C 

This design is suggested by the authors. The electrode 

was fabricated in 16 steps that enhances the 

biocompatibility of design A. The fabricated process is 

similar to design A but after 14 steps, the wafer is 

reversed and the polyimide with 3.2-micrometer 

thickness deposed. At the final step electrode shape is 
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extracted from the wafer. The final structure of this 

design is shown in Figure 5. 

 

Figure 5. Structure of design C 

2.2.4. Design D 

This design is according to [4, 5, 10] that use less than 

the sacrifice layer. The fabricated process contains 15 

steps that the final structure of this design is shown in 

Figure 6. 

 

Figure 6. Structure of design D [4, 5, 10] 

The steps for the fabricated process are as follows: 

1. Choosing silicon as a substrate with a thickness 

above 50 micrometers. 

2. Polishing a wafer surface to achieve a soft surface 

with 50-micrometer thickness. 

3. Growing with the 0.5-micrometer thickness on the 

silicon substrate 

4. Coating 15-micrometer polyimide on the wafer. 

5. Photoresist spin coating on the wafer. 

6. Making the wiring pattern of the electrode that 

connects the site to pad, on the photoresist using direct 

masking method and UV radiation. 

7. Putting the wafer in the diluted acid to remove the 

radiated part of the wafer. 

8. Chrome deposition with 700-nanometer thickness, 

by using Chemical Vapor Deposition (CVD). 

9. Au deposition with 100-nanometer thickness, by 

using chemical vapor deposition. 

10. Photoresist etching. (Si wafer was put into a nitric 

acid solution) 

11. Polyimide deposition with 15-micrometer 

thickness, by using the coating method. 

12. Photoresist deposition, by using the coating method. 

13. Putting the mask with a pattern for pad and site 

location on the photoresist then UV radiated. 

14. Putting wafer into a diluted nitric acid solution to 

remove the irradiated layer. 

15. Etch processing to open site and pad window. 

16. Putting wafer into a buffered hydrofluoric acid bath 

to remove the sacrifice layer. 

17. Extracting geometry designed for the electrode that 

was mentioned in Figure 6. 

2.2.5. Design E 

This design was proposed by the authors that its 

structure is shown in Figure 7. 

 

Figure 7. Structure of design E 
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The first 4 steps of the fabricated process are similar to 

design D and other steps are as follows: 

5. Chrome deposition with 700-nanometer thickness, 

by using Chemical Vapor Deposition (CVD). 

6. Coating 5-micrometer polyimide on the wafer. 

7. Photoresist spin coating on the wafer. 

8. Making the wiring pattern of the electrode that 

connects the site to pad, on the photoresist using direct 

masking method and UV radiation. 

9. Putting the wafer in the diluted acid to remove the 

radiated part of the wafer. 

10. Chrome deposition with 700-nanometer thickness, 

by using Chemical Vapor Deposition (CVD). 

11. Au deposition with 100-nanometer thickness, by 

using chemical vapor deposition. 

12. Photoresist etching. (Si wafer was put into a nitric 

acid solution) 

13. Polyimide deposition with 15-micrometer 

thickness, by using the coating method. 

14. Photoresist deposition, by using the coating 

method. 

15. Putting the mask with a pattern for pad and site 

location on the photoresist then UV radiated. 

16. Putting wafer into a diluted nitric acid solution to 

remove the irradiated layer. 

17. Etch processing to open site and pad window. 

18. Putting wafer into a buffered hydrofluoric acid 

bath to remove the sacrifice layer. 

19. Extracting geometry designed for the electrode. 

2.2.6. Design F 

This design was proposed by the authors that its 

structure is shown in Figure 8. 

 

Figure 8. Structure of design F 

The steps for the fabricated process are as follows: 

1. Choosing silicon as a substrate with a thickness 

above 70-micrometers. 

2. Polishing a wafer surface to achieve a soft surface 

with 70-micrometer thickness. 

3. Coating 5-micrometer polyimide on the silicon 

substrate. 

4. Chrome deposition with 500-nanometer thickness, 

by using chemical vapor deposition. 

5. Coating 5-micrometer polyimide on the wafer. 

6. Photoresist spin coating on the wafer. 

7. Making the wiring pattern of the electrode that 

connects the site to pad, on the photoresist using direct 

masking method and UV radiation. 

8. Putting the wafer in the diluted acid to remove the 

radiated part of the wafer. 

9. Chrome deposition with 100-nanometer thickness, 

by using Chemical Vapor Deposition (CVD). 

10. Copper deposition with 700-nanometer thickness, 

by using chemical vapor deposition. 

11. Photoresist etching. (Si wafer was put into a nitric 

acid solution) 

12. Polyimide deposition with 3.2-micrometer 

thickness, by using the coating method. 

13. Photoresist deposition, by using the coating 

method. 
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14. Putting the mask with a pattern for pad and site 

location on the photoresist then UV radiated. 

15. Putting wafer into a diluted nitric acid solution to 

remove the irradiated layer 

16. Au deposition with 100-nanometer thickness, by 

using chemical vapor deposition. 

17. Photoresist etching. (Si wafer was put into a nitric 

acid solution). 

18. Wafer is revered and 3.2-micrometer polyimide 

deposed. 

19. Extracting geometry designed from the electrode. 

2.2.7. Design G 

This design was proposed by the authors and the 

fabricated process has 18 steps. The final structure is 

shown in Figure 9. 

 

Figure 9. Structure of design G 

The steps for the fabricated process are as follows: 

1. Choosing silicon as a substrate with a thickness 

above 70 micrometers. 

2. Polishing a wafer surface to achieve a soft surface 

with 70-micrometer thickness. 

3. Coating 5-micrometer polyimide on the silicon 

substrate. 

4. Photoresist spin coating on the wafer. 

5. Making the wiring pattern of the electrode that 

connects the site to pad, on the photoresist using direct 

masking method and UV radiation. 

6. Putting the wafer in the diluted acid to remove the 

radiated part of the wafer. 

7. Chrome deposition with 100-nanometer thickness, 

by using chemical vapor deposition (CVD). 

8. Copper deposition with 700-nanometer thickness, by 

using chemical vapor deposition. 

9. Photoresist etching. (Si wafer was put into a nitric 

acid solution) 

10. Polyimide deposition with 5-micrometer thickness, 

by using the coating method. 

11. Photoresist deposition, by using the coating method. 

12. Putting the mask with a pattern for pad and site 

location on the photoresist then UV radiated. 

13. Putting wafer into a diluted nitric acid solution to 

remove the irradiated layer. 

14. Au deposition with 100-nanometer thickness, by 

using chemical vapor deposition. 

15. Photoresist etching. (Si wafer was put into a nitric 

acid solution) 

16. Wafer is revered and 3.2-micrometer polyimide 

deposed. 

17. Extracting geometry designed from the electrode. 

2.3.Simulated Software 

The mechanical analysis of all design is carried out by 

COMSOL Multiphasic.  

3. Results 

In this section, the results of the mechanical analysis for 

each design are shown. In our mechanical analysis, the 

solid mechanical physics was selected and we assumed 

that the insertion force at x, y-direction are equal and the 

base position of the electrode be fixed. According to the 

[11], the magnitude of the insertion force for the mice at 

each direction assumed 2.5mN. At last buckling analysis 

was carried out using the finite element method. 

 



   H. Amiri, et al. 

This journal is © Tehran University of Medical Sciences 129   Frontiers in Biomedical Technologies,  Vol. 6, No. 3 (2019) 123-132 

3.1.Design A 

 

Figure 10. Stress of design A 

 

Figure 11. Displacement of design A 

As shown in Figures 10, 11, the critical load factor is 

5.9 and maximum displacement and stress happen at the 

tip of the electrode. 

3.2.Design B 

 

Figure 12. Stress of design B 

As shown in Figures 12, 13, the critical load factor and 

stress is the same as the first (A) design. The maximum 

displacement is less than 70-micrometer. 

 

Figure 13. Displacement of design B 

3.3.Design C 

 

Figure 14. Stress of design C 

 

Figure 15. Displacement of design C 

As shown in Figures 14, 15, the critical load factor is 

5.99 and maximum stress happen at the silicon layer. The 

maximum displacement is less than 70-micrometer. 

Design D  

As shown in Figures 16, 17, the critical load factor is 

0.011 and maximum stress happen at Chrome layer. The 

maximum displacement is less than 2.2-millimeter. 
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Figure 16. Stress of design D 

 

Figure 17. Displacement of design D 

3.4.Design E 

 

Figure 18. Stress of design E 

 

Figure 19. Displacement of design E 

As shown in Figures 18, 19, the critical load factor is 

0.037 and maximum stress happen at Chrome layer. The 

maximum displacement is less than 1.8-millimeter. 

3.5.Design F 

 

Figure 20. Stress of design F 

 

Figure 21. Displacement of design F 

As shown in Figures 20, 21, the critical load factor is 

6.37 and maximum stress happen at Chrome and silicon 

layers. The maximum displacement is less than 70-

micrometer. 

Design G  

 

Figure 22. Stress of design G 
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As shown in Figures 22, 23, the critical load factor is 

6.02 and maximum stress happen at the silicon layer. The 

maximum displacement is less than 70-micrometer. 

 

Figure 21. Displacement of design G 

4. Conclusion 

In this article, we introduced 7 designs for the 

microelectrode fabrication process and their mechanical 

analysis provided in the previous section. According to 

research [1-4] , the main properties of microelectrode that 

must be considered in the fabricated process are 

biocompatibility, cost, mechanic and electrical 

resistance. 

In Table. 1, some properties of the designed electrode 

are sorted. The first 3 columns (i.e.: displacement, von 

miss stress, and critical load factor) are due to mechanical 

properties and steps with also the material of fabrication 

process determined the cost. Also, the material that 

connects the site to the pad and their dimension 

determined the electrical properties. 

Table 1. Comparison of some properties of all designs 

 

The biocompatibility of the electrode depends on 3 

factors that arise from acute and chronic tissue response 

to the inserted electrode. The first factor is the amount of 

damage to the tissue at the insertion process. This damage 

increases as the thickness of the electrode increases. The 

second factor is tissue reaction to the electrode as foreign 

material that according to the research [1], polyimide and 

Au is the best material for this purpose. The third factor 

related to the flexibility of the electrode is that how much 

this flexibility increases, the amount of the neuron 

damaged in the insertion process decreases. Therefore, 

the quality of the signal received using the electrode is 

improved. 

According to the result section and Table.1, each of the 

designed electrodes is used for a specific aim. The main 

feature of first (A) design is its lowest fabrication process 

cost, also it has good mechanical and electrical properties 

but its biocompatibility is bad. The electrical properties 

of the second (B) design is better than A, but its cost a 

little higher and other properties are approximately the 

same as A. The third design's biocompatibility in 

comparison to A and B designs is improved, but the other 

feature is the same as B. The fourth (D) design has the 

best biocompatibility while it has the worst mechanical 

resistance. Also, its cost is high and electrical properties 

are good. The mechanical resistance of fifth (E) design is 

better than D, but its cost is a little higher and other 

properties are approximately the same as D. The sixth (F) 

design has the highest cost and its biocompatibility is 

worse than C, but the mechanical and electrical features 

are at the highest level. The seventh (G) design has the 

same electrical properties as F and the biocompatibility 

and costs are a little higher, but mechanical resistance is 

decreased. 

Therefore, the first (A) design is the best suggestion for 

the economical project and after that B and C are good, 

while designs D and E are suitable for the clinical project 

that subject safety is a more important factor. The F and 

G designs are proper structures in the case that the 

subject tissue is hard and mechanical resistance must be 

high to avoid failing in the insertion process. 
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Max.

disp 

(um) 

Max.stress 

(1011*N/m2) 

Critical 

Load 

Factor 

Steps 
Wiring 

Material 

A 70 1.6  5.9713 15 Au 

B 70 1.6  5.9713 16 Cu 

C 70 1.2  5.9924 16 Au 

D 2200 0.2  0.011 17 Au 

E 1800 0.45  0.037 19 Au 

F 70 9  6.37 19 Cu 

G 70 1.6  6.02 17 Cu 
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