
 

 
Copyright © 2019 IJECCE, All right reserved 

151 

International Journal of Electronics Communication and Computer Engineering 

Volume 10, Issue 4, ISSN (Online): 2249–071X 

 

Fabrication Process of Electronic Circuit Boards 

for the Sensor System to Monitor Water Quality at 

Aquacultural Farming Ponds 
 

Truong Van Nguyen1, Tung Thanh Bui1, Tin Chanh Duc Doan1*, Dung Tri Phan2 and Chien 

Mau Dang1 
1Institute for Nanotechnology, Vietnam National University - Ho Chi Minh City, Vietnam. 

2Petech Engineering Technology (Petech Corporation), Vietnam. 

 
Date of publication (dd/mm/yyyy): 17/07/2019 

Abstract – In this study, the fabricated sensor system could assess some basic parameters of aquaculture water such 

as pH, temperature, salinity, dissolved oxygen (DO) concentration, alkalinity, oxidation-reduction potential (ORP), 

NH3
+ and NO3

- concentration. Then the sensor system could update online the measurement data to the cloud storage 

via 3G or internet connection. Shirmp farm owners could get these results by their mobile phones or tablets and make 

the adjustment to create the comfortable environment for shirmp growth in their ponds. The controlling electronic 

circuit boards are the most important parts of the sensor system and they need to be carefully studied to improve the 

sensor fabrication technology. In this paper, the printing circuit boards (PCB) of the sensor system were fabricated 

and tested for assess quality of aquaculture water. The sensor system with the fabricated PCB was then tested with 

some standard samples such as pH or OPR solutions. The sensor system showed a good performance with the 

measurement results compared with the results measured by commercial sensors. 
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I. INTRODUCTION 

An electronic circuit consists of various electronic components such as resistors, capacitors, diodes and 

transistors connected by a wire then an electric current running inside it [1]. Previous electronic circuits were often 

designed on the Breadboard, which helps the designer easily to refine the circuit. Those electronic circuits were 

used in computation, data transmission and signal amplification. Today, electronic components are soldered on a 

printed circuit board (PCB) to form a complete circuit instead of connecting via wires [2, 3] (Figure 1). 

 

Fig. 1. a) Breadboard and b) Printed Circuit Board (PCB) [4, 5] 

The PCBs often have different sizes, number of electronic components and complexity depending on their 

design and using purpose (Figure 2). 
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Fig. 2. a) Simple and b) Complex PCBs [6, 7]. 

As mentioned above, each PCB of a device had separated configuration due to its specific performance 

requirements. Nowadays, in almost electronic devices such as computers, mobile phones and other digital home 

appliances, the PCB is considered as the heart which coordinates all operation of the device. In sight of the ever-

growing science and technology, the machinery and equipment become smarter [8]. Beside some traditional basic 

functions, the built-in PCBs now become more and more complex to do the multitasking operation [9]. Therefore, 

the designation of PCBs is a very important step to build up an electronic device. 

Follow this trend, the PCB controller of the sensor systems manufactured by Institute for Nanotechnology 

(INT), Vietnam National University - Ho Chi Minh City needed to have some effective design method to meet 

with the actual requirements. Due to that fact, a modern making line for PCB fabrication from Germany was well 

equipped at INT to help the electronic research group develop the required PCBs. 

In INT's the sensor system, the controlling PCB consisted of three main components: the power controller, the 

measuring signal collector from the eight sensor probes (temperature, pH, salinity, dissolved oxygen 

concentration, redox potential, NH3
+, NO3

-) and the data transfer controller to the web server (Figure 3). 

The signal collector received and calculated the electrical signal from the sensors and converted it into readable 

data. These data were packaged and sent to the data collector and data transfer then would be uploaded to the web 

server. The battery provided energy to all operations of the system. The power controller managed the battery by 

using RF remote and prevented the voltage drop. 

 
Fig. 3. Block diagram of the INT’s the sensor system for assess quality of aquaculture water. 
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II. EXPERIMENTS 

The fabrication process of the PCBs [10-13] of the sensor system for assess quality of aquaculture water was 

shown in the Figure 4 below.  

 
Fig. 4. Block diagram of PCB fabrication process of the sensor system. 

The PCB design was created on the computer by Orcad 17.2-2016 software [14, 15]. After that, Isocam 5.0 

software [16] was used to create a negative film for the printers and CNC equipment. This negative film was then 

re-edited by Gerber 2BMP and Film star softwares to get the file with the best resolution.  

The film was printed with the film printer Film Star Plus, Bungard Elektronik, Germany, then was washed with 

a board washing machine RBM 300, Bungard Elektronik, Germany. Then it was put in the development chemical 

solution for 1 minute. The developed film was washed again with water and then transferred to the storage 

compartment. 

The copper coated PCB was drilled with the CNC equipment (CCD/2, Bungard Elektronik, Germany) to make 

the holes which then plated by electroplated equipment Compacta 30, Bungard Elektronik, Germany to connect 

the circuit between the top and bottom faces of the board. 

 

Fig. 5. Initial design of the top and bottom faces of PCB on computer. 

The board was cleaned then rolled with a dry photoresist layer. The printed film was used to create image on 

this photoresist layer. The liff-off process used a mixture solution of Na2CO3 250 g, 25 liters of H2O at a 

temperature of 45ºC in about 3 minutes. After obtaining the conductive lines, the PCB was covered with an 

insulating coating (“greening” layer). The image and name of the electronic components were then printed on the 

PCB with the same process. 
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The PCB finally was cut to the required shapes, coated with a solder paster and the electronic components were 

welded. Finally, it was annealled for 200 seconds at 180ºC then 60 seconds at 230ºC to dry the solder paste. 

III. RESULTS AND DISCUSSIONS 

3.1 Visual Assessment of the Fabricated PCB 

 
Fig. 6. The PCB was observed by a microscope. 

Visual assessment results showed that the fabricated PCB was well prepared. It was not short-circuited. With 

some small-sized components, it was necessary to observe with a microscope (Figure 6). The results in Figure 5 

showed that the circuit lines were not distorted. The copper coating of these lines was not blistered, which reduced 

its cross section. The hole was not skewed. The circuit line and the electronic components pins were not stuck 

together. The fabricated PCB was not warped and there were no contamination or oxidation spots on its surface 

(Figure 7). 

 
Fig. 7. The fabricated PCB shape and structure 

3.2 Conductivity Test Results of the Fabricated PCB 

The test results by a VOM meter in pulse mode were used to check the quality of some plated-through holes on 

the PCB. If this results was of 0 so that the holes were well-plated.  

The VOM meter was also used to check the distance between the circuit lines. In case the circuit lines were 

broken, the current value would be zero. If the circuit lines stick to the component pins, the voltage value would 

be zero (Figure 8).  
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Thirdly, it was needed to test the impedance of some important circuit lines. This step was very important 

because it affected the signal quality of the sensor system especially in case of two circuit lines connecting the 

two poles of pulse oscillator quartz for processor. If the impedance of these two circuit lines was much different, 

it might lead to an unstable operation. The allowable difference of impedance between these two circuit lines was 

less than 0.2 Ω (Figure 9). 

 

Fig. 8. Testing the impedance of the circuit lines using VOM meter 

 
Fig. 9. Testing the impedance of two circuit lines connecting the two poles of pulse oscillate quartz for processor 

3.3 PCB Testing Results after welding the Electronic Components 

3.3.1 The Voltage, the Load Capacity and the PCB’s Temperature Testing Results 

The power supply component was a very important part of the PCB. If the power supplier was not stable, it 

would lead to an unstable operation of sensor system. In addition, if the load current was too high or too low 

compared to the operating current of the PCB, it might cause a failure or damage to some other parts on the PCB, 

reducing the life-time of the sensor system. Therefore, it was needed to do some tests of the output voltage and 

stability of the power supplier before used it in the PCB.  

 
Fig. 10. The PCB after welding process 
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Testing process was performed by applying a voltage of 8.4 VDC (equivalent to the voltage of the battery 

system used in the real sensor system) to the PCB. According to the result shown in Figure 11 below, the maximum 

load current was 148 mA. This value was acceptable in the real operation conditions of the fabricated sensor 

system. 

 
Fig. 11. Load current testing results of the fabricated nano sensor system 

In the next step, the load capacity of the PCB was tested. The PCB was operated at full load condition 

continuously for 10 hours and then the voltage drop was also checked. The results showed that the fabricated PCB 

in this study worked well with the testing conditions. The supply voltages for the PCB, the LCD and the processor 

were higher than 4 VDC at all time. 

The PCB was operated continuously for 5 hours at a normal ambient temperature of 30-34ºC and used the 

FADOS9F1 equipment to investigate its heat emission process. The temperature graph showed that operated 

temperature of this PCB did not exceed to 50C and it did not generate any unusual heat. 

3.3.2 Quatz Test Results 

On the PCB, there were 2 quartzs to generate the pulse for Atmega 2560 processor and DS1307 IC in operation 

process. 

The Oscilloscope PS-200 equipment was used to test the performance of these quarzt components. The 

oscilloscope was clamped to the 2 pins of the quartz when the PCB was operating. The quartz worked normally 

if the value displayed on the oscilloscope was equal to the recommended frequency value from the quartz 

manufacturer. In addition, the measured pulse of the quartz must be in square shape without distortion as showed 

in Figure 12. 

 
Fig. 12. Measured pulse form of the quartz 
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3.3.3. Comparison Results with the reference PCB 

All electronic components were tested before welding on the PCB but some components might be changed or 

broken due to the effect of the high temperature. Therefore, it was necessary to do a check of the fabricated PCB 

after connecting all the components. The Tracker 3200S was used to do a comparison test between the fabricated 

PCB and a reference PCB. 

The results in Figure 13 showed that the fabricated PCB in this study had a square pulse wave and there was 

no difference compared to the reference PCB. So the fabricated PCB in this study was well-prepared.  

 
Fig. 13. Comparison test between fabricated PCB (in the left) and reference PCB (in the right) 

3.4 PCB Tests after Loaded Control Program to the Processor 

3.4.1 The analog Function to Collect Signals from the Sensor 

 
Fig. 14. The PCB was connected to sensors 

The comparison test showed the fabricated PCB had the same quality with the reference PCB. For the next step, 

the control program was loaded to the processor then PCB was connected to the sensor for collecting signals test 

(Figure 14). When the sensor was dipped in a standard solution, the feedback signals displayed on the LCD were 

stable for 120 seconds. The results matched with the reference information of the standard solution. Therefore it 

was possible to conclude that the analog function of PCB to collect signals from the sensor worked well. 

3.4.2 The Power Supply Function to Control the Input and Output Voltages 

The power supply function on the PCB operated normally with the input voltage was of 8.4 VDC and the output 

voltage was from 4.2 VDC to 5 VDC, without abnormal fluctuations. The temperature of the LM2596 module did 

not exceed 45ºC (Figure 15) for continuously 5 hours working. 
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The leakage current reduced battery life was not detected when using a FLUKE 179 meter to measure the total 

direct current consumption at the power input of the PCB. This measured value was approximately 148 mA (± 

5% of error).  

 
Fig. 15. The power supply function test 

3.4.3 The Sending Data to the Server Function 

The PCB was applied an input voltage and did 5 measurements with different standard solutions. After 

measurements, the data uploaded to cloud storage was checked and it showed correct results with the data 

displayed on the sensor system LCD. This meant the sending data to the server function of PCB worked normally. 

3.5 Comparison Results of the INT’s Sensor System with the reference Sensor System of HEMERA, 

France 

After the calibration process, the sensor system used the built-in PCB of INT was used to measure some actual 

water samples. The results were compared with another highly reliable device to check the accuracy and operated 

ability of the fabricated PCB. The reference equipment used in this test was the HEMERA measurement system, 

France [17] (Figure 16). 

In this test, standard pH solutions from Atlas Scientific LLC., N.Y., US were used to assess the pH measurement 

accuracy.  

 
Fig. 16 Reference sensor system of HEMERA, France 
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Fig. 17. The results showed on a) INT system and b) HEMERA system 

Table 1. Comparison of pH measurement results performed by the INT and HEMERA sensor systems. 

pH INT sensor results 
INT sensor error 

(%) 

HEMERA sensor 

result 

HEMERA sensor error 

(%) 
Relative error (%) 

8 8.18 ~ +2.25 8.19 ~ +2.375 +0.125 

The results in Figure 17 and Table 1 showed that the measurement results of the INT sensor system were quite 

good. In comparison with the reference commercial sensor system from HEMERA, the relative error was 

+0.125%. This error value was possitive so it could be concluded that the INT sensor was more sensitive than the 

reference sensor in pH measurement. 

IV. CONCLUSIONS 

In this study, the manufacturing process of PCB for the INT’s sensor system was studied and established. The 

design and fabrication steps were optimized to make the PCB which had the same quality with reference PCB. 

The operation of the sensor system with the fabricated PCB was tested with some standard samples such as pH or 

ORP solutions. The production line could be processed with high-demand PCB. The sensor system used this PCB 

showed a good performance with measuring results which were equivalent to the standard equipment of 

commercial manufacturers.  

ACKNOWLEDGEMENTS 

The authors would like to thank the support of FIRST Project Management Department under the grant contract  

No.09/FIRST/2a/INT. 

REFERENCES 

[1] Charles K. Alexander, Matthew N.O. Sadiku, Fundamentals of Electric Circuits 4th Edition, McGraw-Hill (September 2008). 
[2] Richard Jaeger, Travis Blalock, Microelectronic Circuit Design 4th Edition, McGraw-Hill Education (March 1, 2010). 

[3] John P. Hayes, Introduction to Digital Logic Design 1st Edition, Addison-Wesley Longman Publishing Co., Inc. Boston, MA, USA 

(1993). 
[4] https://gradot.wordpress.com/2015/01/26/ne555-et-monostable/. Retrieved 25 April 2019. 

[5] https://stxtechnology.com.au/electronic-circuit-board-design. Retrieved 25 April 2019. 

[6] https://eintrinsic.wordpress.com/simple-pcb-express/. Retrieved 25 April 2019. 
[7] http://www.e-licktronic.com/img/cms/yocto%20montage/Cymball/. Retrieved 25 April 2019. 

[8] Joseph Ladou, Printed circuit board industry, International Journal of Hygiene and Environmental Health 209(3):211-9, 2006. 

[9] Kenneth H. Church, Harvey Tsang, Ricardo Rodriguez, Paul Deffenbaugh, Raymond Rumpf, Printed Circuit Structures, the Evolution 

of Printed Circuit Boards, IPC APEX EXPO Conference Proceedings 2013. 

[10] Riley, Frank; Production, Electronic Packaging and (2013-06-29). The Electronics Assembly Handbook. Springer Science & Business 

Media. p. 285. ISBN 9783662131619. 
[11] R.S. Khandpur, Printed circuit boards: design, fabrication, assembly and testing, Tata-McGraw Hill, ISBN 0-07-058814-7, 2005, pp. 

373–378. 

[12] Bosshart, Printed Circuit Boards: Design and Technology. Tata McGraw-Hill Education, pp. 298, ISBN 9780074515495. 

https://gradot.wordpress.com/2015/01/26/ne555-et-monostable/
https://stxtechnology.com.au/electronic-circuit-board-design
http://www.e-licktronic.com/img/cms/yocto%20montage/Cymball/


 

 
Copyright © 2019 IJECCE, All right reserved 

160 

International Journal of Electronics Communication and Computer Engineering 

Volume 10, Issue 4, ISSN (Online): 2249–071X 

 

[13] Jon Varteresian, Fabricating Printed Circuit Boards, Copyright © 2002, Elsevier Science (USA), ISBN: 1-878707-96-5. 

[14] Ocard 17.2-2016 software user manual. 
[15] Kraig Mitzner, Complete PCB Design Using OrCad Capture and Layout, pages 443-446, Newnes, 2011 ISBN 0080549209. 

[16] Isocam 5.0 software user manual. 

[17] HEMERA Analyzer user manual. 

AUTHORS’ PROFILE 

 

Truong Van Nguyen is a Mechatronic engineering. He has worked at Institute for Nanotechnology (INT), Vietnam National 
University - Ho Chi Minh City (VNUHCM) from 2015 to now. Currently, he is Vice Head of Laboratory Product Testing 

and Development of Institute for Nanotechnology. His strength is making electronic circuits for collecting signal from 

sensors such as pH sensor, DO sensor, Conductivity sensor, ion sensors and auto-sensor systems. He has had 2 patents, two 
practical application products are “System for automatic monitoring & alarm of salinity invasion” and “Equipment for 

monitoring of water quality at aquacultural farming ponds”. email id: nvtruong@vnuhcm.edu.vn 

 

 

Tung Thanh Bui obtained his Material Engineer degree in Advanced Material in 2011 from Bach Khoa University, Vietnam 
National University - Ho Chi Minh City, Vietnam. He obtained his Master degree in Mechanical Engineering in the same 

time 2011 from the PFIEV Program (Programme de Formation d'Ingénieurs d' Excellence au Vietnam), cooperation training 

program between Bach Khoa University, VNUHCM and Ecole Centrale Paris, France. He obtained his Ph.D. diploma from 
University of Science, VNUHCM in 2017. His Ph.D. research focused on development of renewable energy, especially in 

solar cell. Currently, he is Head of Laboratory for Optoelectronic Materials and Devices at Institute for Nanotechnology, 

Vietnam National University - Ho Chi Minh City, Vietnam. He is author and co-author of 1  
book, 8 articles in peer-reviewed journals, 8 proceedings papers of international conferences. His research interests include solar cell, 

renewable ennergy, materials and microsystems for energy applications. email id: bttung@vnuhcm.edu.vn 

 

 

Tin Chanh Duc Doan obtained his Mechanical Engineer degree in Materials for Mechanical Engineering in 2003 and 

Master degree in Materials Technology in 2005 from Ho Chi Minh City University of Technology, Vietnam National 

University - Ho Chi Minh City, Vietnam. He obtained his Ph.D. diploma from Wageningen University, the Netherlands in 
2012. His Ph.D. research focused on development of polymer-based sensors for carbon dioxide detection in greenhouses. 

Currently, he is Vice Director of Institute for Nanotechnology, Vietnam National University - Ho Chi Minh City, Vietnam 

and concurrently Head of Laboratory for Materials and Environmental Sensors and Laboratory for Fuel Cell at Institute for 
Nanotechnology. He is author and co-author of 1 thesis book, 25 articles in peer-reviewed journals, 48 proceedings papers  

of international conferences, 2 patents and 5 applied patent applications. His research interests include sensors for environmental and 

biological applications, materials and microsystems for energy applications. email id: ddctin@vnuhcm.edu.vn 

 

 

Dung Tri Phan was the Chief Engineer of Telecom Application Center (Post and Telecommunication Institute -VNPT) in 

1995-1999. Then he became the Technical Director of the Electronics and Automation Center - Vietnam Academy Science 
and Technology - Ho Chi Minh Branch in 1999. From 1999 until now, he has been founder/ owner of the Petech Engineering 

Technology (Petech Corporation). He has possessed some technology & engineering inventions such as: Digital Microwave 

Telephony System 2Mb/s (in 1995), Smart Lavatory onboard (in 2013), Plasma Incinerator System for Municipal Solid 
Waste (in 2015), AI Applied Emission Control System for Incinerators (in 2017).  

email: mantantri2@gmail.com 

 

 

Chien Mau Dang received his M.Sc. and Ph.D. in Materials Science from the National Polytechnic Institute in Grenoble 
(Grenoble INP), France in 1991 and 1994. In 1996 and 2007, he received his Master in Management from the University 

Pierre Mendes France and the Diploma of Habilitation for Research Direction (DHDR) in Materials and Process Engineering 

from the Grenoble INP. From 1996 to 2004 he was Head of Department of Materials Science Fundamentals, Vice-Dean of 
Faculty of Material Technology, Ho Chi Minh City University of Technology. Since 2005 he has been Associate Professor. 

He is currently Director of Institute for Nanotechnology, Vietnam National University - Ho Chi Minh City, Vietnam. He is 

also a member of several national level research bodies and councils. He has authored or co-authored  
more than 70 publications in peer-reviewed international journals (among of them 35 ISI and 10 Scopus papers) and eight patents. email id: 

dmchien@vnuhcm.edu.vn 

 

mailto:nvtruong@vnuhcm.edu.vn
mailto:bttung@vnuhcm.edu.vn
mailto:ddctin@vnuhcm.edu.vn
mailto:mantantri2@gmail.com
mailto:dmchien@vnuhcm.edu.vn

