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Abstract
Applications of power supply systems to supply sensors that require high voltage values are

widely available in the market in the form of modules. However, in general, setting the voltage value is
open by providing a voltage value from the potentiometer or trimmer component which is rotated
manually. This becomes less flexible because the operator must always be nearby. The solution option is
to implement automatic regulation via a potentiometer attached to an interface component connected to
the microcontroller via a serial communication line called I2C. Furthermore, the microcontroller is
programmed to receive regulatory commands and monitor the desired voltage value from a computer or
mobile phone. This study uses the ATmega328P microcontroller, the MCP4725 DAC module and the
CA12P-5TR series HV module from EMCO products. The results of this study are the design,
implementation and prototype scheme.

Keywords: Voltage Value Setting, MCP4725 DAC Module, ATmega328P Microcontroller

This is an open access article under the CC BY 4.0 license.
Copyright © 2023 IAIC - All rights reserved.

1. Introduction
Power supply application systems to supply sensors that require high voltage values ​​are widely

available on the market in module form. However, in general, setting the voltage value is still open by
providing a voltage value to the potentiometer or trimmer component which is rotated manually [2], [3].
This of course becomes less flexible because the operator has to operate directly on the power supply
system [5]. To ensure flexible operation, the solution option is to implement automatic settings that can be
operated remotely using a computer or cellphone connected to an internet network or what is known as
internet of things technology [6], [21].

The automatic regulation system implements a potentiometer mounted on an interface component
which is then connected to a microcontroller via a serial communication line called I2C [7], [22]. Next,
the microcontroller is programmed to be able to receive setting commands and monitor the desired
voltage value via internet computer network devices and cellphones from various distances [8], [23].

This research applies the ATmega328P microcontroller [1] as a regulator, the MCP4725 DAC
module [4] as an interface, and the CA12P-5TR series HV module from EMCO products as a regulated
high voltage module [24]. The results of this research are design schemes, implementation and
application system prototypes [9].
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2. Method
The concept of automatically setting voltage values ​​on a high voltage module based on the

ATmega328P microcontroller is shown in Figure 1. The microcontroller regulates the voltage value by
sending digital commands to the MCP4725 DAC module via the I2C communication line located on the
microcontroller legs and the corresponding MCP4725 DAC module legs [10].

Figure 1. Microcontroller Based High Voltage Regulation Value System Concept

The function of the ATmega328P microcontroller which is used to communicate with the
MCP4725 DAC module via I2C consists of the clock signal generation function (SCL pin: A5) and the
command data distribution function (SDA pin: A4) [11], [26]. On the other hand, the function of the leg
used to get feedback about the voltage value from the Emco high voltage module output is to convert the
analog signal to digital (pin A0) [12].

In the interface module, the clock signal generated from the ATmega328P is fed to the MCP4725
DAC module marked SCL (pin 3) [14], [25]. Likewise, the SDA data line originating from the
ATmega328P is connected to the MCP4725 DAC module via the input pin marked SDA (pin 4) [13],
[28].

The high voltage module (HV Emco module), gets an analog signal from the setup command from
the MCP4725 DAC module (Aout) [15], [27]. Meanwhile, information on the results of setting the
voltage value on the Emco HV module is sent directly to the microcontroller via the ATmega328P analog
leg (pin A0) [16]. The connection diagram between the MCP4725 DAC, Emco HV module and ATmega
328P is shown in Figure 2.

Figure 2. DAC connection from ATmega and to Emco HV Module

A description of the pin relationships between the ATmega328P module, MCP4725 DAC module,
and Emco HV module is presented in tabular form [17], as shown in Table 1.
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Table 1. Description of Connections Between Pins on the Module
Module
Name

Module Pins from Connection Between
ATmega328P MCP4725 HV Emco

HV Setter A0 - Connector 2 ATmega328P and modul
HV

A4\SDA output 4/SDA input - I2C and SDA
A5\SCL out 3/SCL input - I2C and SCL

- 1/Analog out Connector 3 DAC and HV

The method used in this research is to use a combination/synthesis scheme between hardware and
software design [18]. The hardware design was carried out by assembling the ATmega328P
microcontroller [29], [30], MCP4725 DAC module, and Emco HV module [19], [31]. Software design
by first creating a flowchart related to the logic process of giving commands to the high voltage control
system automatically on the Emco HV module based on a comparison of the desired or determined
voltage value (set point) with the actual reading. voltage value (real point) [20], [32]. The hardware and
software design was then integrated into a prototype value setting application system using the MCP4725
based on the ATmega328P microcontroller.

3. Research Results and Discussion
3.1. Hardware Design Results

The resulting hardware design is the ATmega328P microcontroller circuit schematic, and the
MCP4725 DAC module and Emco HV CA series module for setting the system voltage value at the 500V
and 750V set points. As shown in figure 3.

Figure 3. Value Setting System Circuit Scheme

The ATmega328P microcontroller functions as a controller in regulating the high voltage value of
the Emco CA series module. The logic flow of voltage regulation carried out by the ATmega328P can be
explained as follows:

1) The initial assumption of the system (consisting of three main modules) of the designed high
voltage regulator is that it is in the off state. And, when the system is turned on, the
ATmega328P then begins preparing the MCP4725 DAC module.

2) The MCP4725 DAC module is arranged in such a way that the initial voltage value of the Hv
Emco module is ensured to be at 0 value.

3) Next, the ATmega328P microcontroller checks the voltage set point value given by the operator
or which is determined by default when the ATmega328P is programmed.

4) The microcontroller then sends voltage setting commands in stages through the MCP4725 DAC
module until it reaches the set point.

5) Gradual voltage changes are monitored by the ATmega328P by reading data sent by the HV
module via the ADC A0 pin of the ATmega328P.

6) If the gradual adjustment is being carried out but the feedback voltage value from the HV
module shows no change, the aRmega328P microcontroller will issue a notification signal.

7) Furthermore, if conditions are running normally, the setting will move gradually until it reaches
the specified set point voltage.

8) When the setting has reached the set point value, the setting gradually enters the monitoring
stage.
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9) In the monitoring stage, the voltage value obtained from the feedback signal information is
compared with the set point voltage. If the feedback value is 1o% below the set point, the
ATmega328P will increase the HV value. On the other hand, if the monitoring results show that
the value is 10% above the set point value, then the ATmega328P will reduce the HV voltage
value.

10) This setting is carried out continuously at regular intervals until the system is turned off or loses
power.

The diagram in Figure 4. below shows how the HV setup is carried out by an ATmega328P based
system.

Figure 4. ATmega328P Based HV Arrangement Scheme

3.2. Software Design Results
The Emco HV module high voltage control system software design is divided into two programs,

namely the main program and the high voltage regulation library program. The basic design schematic of
high voltage rating software is as shown below.

main program;

#……………………………………………
#include “aturHV.h”

void setup()
{
……………………………………………;
……………………………………………;
resetNilaiHV(addr);
setNilaiHV(setPoint);
}

void loop()
{

……………………………………………………;
mon=MonitorNilaiHV();
If (mon<10%setPoint)

setNilaiHV((1+10)setPoint);
Else

setNilaiHV((1-10)setPoint);
}

library program (aturHV.h);

1. resetNilaiHV(addr);
2. setNilaiHV(nilai);
3. monitorNilaiHV();

Setting the high voltage value of the ATmega328P based HV module is done by first creating a
library which is responsible for managing the voltage value settings. The library contains three main
functions, namely resetting voltage values, setting voltage values, and monitoring voltage values. The
reset voltage value is intended to return the HV voltage value to zero the first time the system is turned
on. The aim is to avoid damage to the detection system due to sudden high voltage values. Especially
when the power supply system suddenly turns off and then turns back on. Next, after ensuring that the
initial voltage value is zero, the system will change the positive voltage value gradually until it reaches
the set point voltage value. When the voltage value has reached the set point value with a tolerance of
about 10%, the voltage value setting stops and switches to monitoring status. In monitoring status, the
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microcontroller will instruct the MCP4725 to increase or decrease the HV module voltage value within
the tolerance limit of the specified set point voltage value.

3.3. Voltage Regulation System Prototype Test
The design results were then built into a prototype high voltage value control system. There were

two prototypes built to determine the performance of the design. The first prototype was to supply high
voltage to a Geiger Muller (GM) detector. The second is a prototype for supplying high voltage to the NaI
(Tl) detector. The voltage setting point for the GM detector high voltage system prototype is 500V, while
the NaI (Tl) detector high voltage system prototype is 750V. From the test results of the two prototypes,
real point results or stable HV feed back values ​​were obtained, as shown in the tabulated test results in
Table 2.

Table 2. Stress Value Measurement Results from Prototype Simulation
No Protoptye untuk Pasokan HV dari Titik Setel (V) Titik Nyata (V)

1 Detektor Geiger Muller (GM) 500 510

2 Detektor NaI (TI) 750 735

4. Conclusion
Design of a high voltage value setting system using the MCP4725 module and the CA12P-5TR

HV series based on the ATmega328P microcontroller, resulting in a prototype high voltage value setting
application system. This prototype has been tested in two versions. First, to supply the GM detector
voltage where with a set point of 500V, a real voltage value of 510V is obtained. Second, to supply the
NaI detector voltage, where with a set point of 750V, a real voltage value of 735V is obtained.

References
[1] DVN. Ananth, G. Jogaro, K. Siisha, B. Kumar, K. anusah Sai Kumar. “Automatic Power Supply

Control to Ensure No Break Power”. International Journal of Scientific Research in Science
Engineering and Technology, IJSRSET , Vol. 6 , Issue 2, 2019.

[2] Kharisma Ramadhan, Lutfi Hinda M., M. Raghib Alashbahanni Mahfudz, M. Dafa Dezan
Rezaputra, M. Taufiqul Hafizh.”Modification of the Automatic Control System for Arduino
ATmega 328P-Based Water Gallon Cleaner”. Bulletin of Computer Scienceand Electrical
Engineering, Vol. 2, No. 2, pp. 67~73, 2021.

[3] Eric J. Davis, Brian H. Clowers.”Low-cost Arduino Controlled Dual-Polarity High Voltage Power
Supply”. HardwareX. 2022 Dec 1;13:e00382. doi: 10.1016/j.ohx.2022.e00382. PMID: 36505901;
PMCID: PMC9731844.

[4] Lady Ada. “MCP4724 12-bit DAC Tutorial”. Mouser Electronics, 2022.
[5] Mark Geddes.”Arduino Project Hnadbook, 25 Practical Projects to Get You Started”.

William-Pollock. 2016
[6] M. R. Nauvaldi, “Mobile Internet Analysis in Prevention of Negative Impacts of Information and

Communication Technology in Indonesia,” IAIC Trans. Sustain. Digit. Innov., vol. 4, no. 2, pp.
137–145, 2023.

[7] T. A. D. Lael and D. A. Pramudito, “Use of Data Mining for The Analysis of Consumer Purchase
Patterns with The Fpgrowth Algorithm on Motor Spare Part Sales Transactions Data,” IAIC Trans.
Sustain. Digit. Innov., vol. 4, no. 2, pp. 128–136, 2023.

[8] M. H. R. Chakim, M. Hatta, A. Himki, A. R. A. Zahra, and N. N. Azizah, “The Relationship
Between Smart Cities and Smart Tourism: Using a Systematic Review,” ADI J. Recent Innov., vol.
5, no. 1Sp, pp. 33–44, 2023.

[9] M. H. R. Chakim, M. A. D. Yuda, R. Fahrudin, and D. Apriliasari, “Secure and Transparent
Elections: Exploring Decentralized Electronic Voting on P2P Blockchain,” ADI J. Recent Innov.,
vol. 5, no. 1Sp, pp. 54–67, 2023.

[10] N. Wiwin, P. A. Sunarya, N. Azizah, and D. A. Saka, “A Model for Determine Upgrades for
MSMEs using Analitical Hyrarcy Process,” ADI J. Recent Innov., vol. 5, no. 1Sp, pp. 20–32,
2023.

[11] Y. N. Qintharah and F. L. Utami, “Determinants on Environmental Disclosure Moderating by
Integrated Corporate Governance,” Aptisi Trans. Technopreneursh., vol. 5, no. 1Sp, pp. 22–37,
2023.

IICS SEMNASTIK Vol. 4, No. 1, 2023 : 187 – 192



IICS SEMNASTIK 2023 E-ISSN: 2774-5899 | P-ISSN: 2774-5880 ■ 192

[12] Wang M, Hu F. The application of nltk library for python natural language processing in corpus
research. Theory and Practice in Language Studies 2021;11:1041–9.
https://doi.org/10.17507/tpls.1109.09.

[13] Y. I. Maulana and I. Fajar, “Analysis of Cyber Diplomacy and its Challenges for the Digital Era
Community,” IAIC Trans. Sustain. Digit. Innov., vol. 4, no. 2, pp. 169–177, 2023.

[14] Vinnarasu A, Jose D V. Speech to text conversion and summarization for effective understanding
and documentation. International Journal of Electrical and Computer Engineering 2019;9:3642–8.
https://doi.org/10.11591/ijece.v9i5.pp3642-3648.

[15] I. S. Fadli, N. P. Lestari, and A. A. Putri, “Implementation of White Hat SEO-Based Digital
Incubator Platform,” Int. Trans. Educ. Technol., vol. 1, no. 2, pp. 122–130, 2023.

[16] Wolf T, Debut L, Sanh V, Chaumond J, Delangue C, Moi A, et al. HuggingFace’s Transformers:
State-of-the-art Natural Language Processing 2019.

[17] Endra RY, Aprilinda Y, Dharmawan YY, Ramadhan W. Analisis Perbandingan Bahasa
Pemrograman PHP Laravel dengan PHP Native pada Pengembangan Website. EXPERT: Jurnal
Manajemen Sistem Informasi Dan Teknologi 2021;11:48.
https://doi.org/10.36448/expert.v11i1.2012.

[18] Saziyabegum S. REVIEW ON TEXT SUMMARIZATION EVALUATION METHODS. / Indian
Journal of Computer Science and Engineering (IJCSE) n.d.;8.

[19] Nina Adlini M, Hanifa Dinda A, Yulinda S, Chotimah O, Julia Merliyana S. METODE
PENELITIAN KUALITATIF STUDI PUSTAKA. vol. 6. 2022.

[20] Alcantara THM, Krütli D, Ravada R, Hanne T. Multilingual Text Summarization for German
Texts Using Transformer Models. Information (Switzerland) 2023;14.
https://doi.org/10.3390/info14060303.

[21] D. S. S. Wuisan, R. A. Sunardjo, Q. Aini, N. A. Yusuf, and U. Rahardja, “Integrating Artificial
Intelligence in Human Resource Management: A SmartPLS Approach for Entrepreneurial
Success,” Aptisi Trans. Technopreneursh., vol. 5, no. 3, pp. 334–345, 2023.

[22] O. Candra et al., “Energy simulation and parametric analysis of water cooled thermal photovoltaic
systems: energy and exergy analysis of photovoltaic systems,” Sustainability, vol. 14, no. 22, p.
15074, 2022.

[23] P. A. Sunarya, “The Impact of Gamification on IDU (ILearning Instruction) in Expanding
Understudy Learning Inspiration,” Int. Trans. Educ. Technol., vol. 1, no. 1, pp. 59–67, 2022.

[24] M. A. A. Budi, M. G. L. Putra, and L. H. Atrinawati, “Improving Helpdesk Capability in Perum
Peruri Through Service Catalog Management Based on ITIL V3,” Int. J. Cyber IT Serv. Manag.,
vol. 2, no. 2, pp. 117–126, 2022.

[25] S. A. Yakan, “Analysis of development of artificial intelligence in the game industry,” Int. J.
Cyber IT Serv. Manag., vol. 2, no. 2, pp. 111–116, 2022.

[26] E. Dolan and R. Widayanti, “Implementation of authentication systems on hotspot network users
to improve computer network security,” Int. J. Cyber IT Serv. Manag., vol. 2, no. 1, pp. 88–94,
2022.

[27] N. P. L. Santoso, R. A. Sunarjo, and I. S. Fadli, “Analyzing the Factors Influencing the Success of
Business Incubation Programs: A SmartPLS Approach,” ADI J. Recent Innov., vol. 5, no. 1, pp.
60–71, 2023.

[28] M. Hardini, R. A. Sunarjo, M. Asfi, M. H. R. Chakim, and Y. P. A. Sanjaya, “Predicting Air
Quality Index using Ensemble Machine Learning,” ADI J. Recent Innov., vol. 5, no. 1Sp, pp.
78–86, 2023.

[29] T. Raharjo, “A Model of Critical Success Factors for Agile Information Technology Project in
Indonesia using Analytic Hierarchy Process (AHP),” ADI J. Recent Innov., vol. 5, no. 1Sp, pp.
68–77, 2023

[30] M. Afif, T. Mariyanti, N. Septiani, and E. Dolan, “Factor affecting employee motivation to increase
performance of Sharia bank in Indonesia on Islamic perspective,” APTISI Trans. Manag., vol. 7,
no. 2, pp. 131–142, 2023.

[31] I. Hidayat and P. O. Sutria, “The Influence of Determined Tax Load, Tax Planning, and
Profitability in Profit Management in The Company Manufacturing The Mining Sector, The Coal
Sub Sector Listed on The Indonesia Stock Exchange Year,” APTISI Trans. Manag., vol. 7, no. 1,
pp. 79–85, 2023.

[32] I. Hidayat and F. O. S. Dewi, “The Effect of Liquidity, Leverage, and Working Capital Turn on
Profitability,” APTISI Trans. Manag., vol. 7, no. 1, pp. 60–68, 2023.

Application System for Setting Values on High Voltage Power Supply… (Mohammad Amin)


