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ABSTRACT Surgery using a conventional scalpel causes the patient to lose a lot of blood; this needs to be 

avoided. The purpose of this research is to make a replacement for the conventional scalpel using a device that 

utilizes high frequency with a duty cycle setting that is centered at one point. The design of the device is 

equipped with monopolar and bipolar pulse selection with an increased frequency at 400 kHz, where the duty 

cycle of bipolar mode can be set to 100% on and the coagulation duty cycle is 6% on and 94% off. The power 

output of the module was tested using an ESU Analyzer, while cutting the bipolar forceps used soap and meat 

media. The power inverter circuit was set with the module impedance values of 300Ω, 400Ω, and 500Ω. Power 
settings were set at high, medium, and low with 2 pulse cutting and coagulation modes. The average power 

resulted in the lowest power of 32.3Watt and the highest power cutting mode of 58.3Watt. Meanwhile, in the 

coagulation mode of the lowest power of 3Watt and the highest power of 3Watt, the impedance setting is 500Ω. 
The module can output power linearly according to settings and can cut media well. Furthermore, the 

development of making Electrosurgery design in this study is expected to facilitate the surgical process during 

the surgical procedures. 

INDEX TERMS Electrosurgery, Bipolar, cutting, coagulation, Low Cost 

 
I. INTRODUCTION 

Electrosurgery is a medical surgical instrument that utilizes 

high-frequency electric currents used to cut, thicken, and dry 

tissue, using frequencies above 100 kHz, which leads to 

decrease of the faradic effect. Up to frequencies above 

300kHz, the faradic effect is further negligible [1][2]. 

Bipolar electrosurgery uses some kind of instrument, usually 

forceps through which a current is passed. The current 

pathway will originate from one side of the forceps, through 

the tissue, and the other side kc and forceps [3][4]. 

Meanwhile, major surgery is a major surgical procedure that 

uses general anesthesia, which is one of the most commonly 

performed surgery [5][6]. Electrosurgery will never 

completely replace the scalpel but it requires knowledge, 

skill, and understanding, which is more complete about the 

biophysical aspects and interactions of energy and 

electrosurgical tissue [7][8]. Electrosurgery electricity is 

utilized to create various thermal effects to achieve resection, 

incision, hemostasis, and tissue devitalization. The basic 

therapeutic target of all electrosurgery is the production of 

thermal energy at the cellular level [9]. This very high-

frequency current results in heating and evaporation of the 

tissue resulting in cutting and freezing of the tissue which 

takes the advantage of the high frequency used to cut, 

thicken, and dry the tissue with frequencies above 300 kHz 

using high frequencies 100Khz – 300 kHz, where faradic 

effects begin to decrease [10] [11]. Up to frequencies above 

300 kHz, the faradic effect can be neglected [12][13]. The 

use of high frequencies is intended so as not to stimulate 

nerve and muscle tissue which can cause unwanted seizure 

states during medical surgery [14]. 

Operative ESU is divided into 2 (two) ) modes, namely 

bipolar and monopolar [15]. Bipolar electrosurgery is one of 

the most commonly used surgical instruments and is used in 

all surgical disciplines [16][17]. Because this mode operates 

at lower voltages, less energy is required [18] and uses some 
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types of instrument, including forceps, through which the 

current is passed. The current path will come from one side 

of the forceps, through the tissue, and to the other side of the 

forceps [19]. This provides better control over the targeted 

area and helps prevent damage to other sensitive tissues [20], 

because of its limited ability to excise and coagulate large 

bleeding areas. It is more ideally used for procedures where 

tissue can be easily removed by forceps electrodes [21]. 

There are two broad categories of currents cutting and 

freezing and there are different forms of mixed or pulsed 

currents that allow for various tissue effects [22]. In cutting, 

a frequency wave with a duty cycle of 100% active is used, 

since it produces heat very quickly [23]. Meanwhile, 

coagulation (freezing) which uses an active duty-cycle wave 

is only about 6% [24][25]. 

Ali Idham Alzaidi conducted research on ESU through 

the development of ESU Bipolar cutting. In this study, only 

the Bipolar mode was implemented (pure cut) [19]. In 

another study regarding the design of low power 

electrosurgery (electric scalpel) at a frequency of 10 kHz, the 

result obtained are 26.0096 Watts and a frequency of 11.16 

kHz [24]. In this case, The purpose of this research is to make 

a replacement for the conventional scalpel using a device that 

utilizes high frequency with a duty cycle setting that is 

centered at one point. Based on the result of the identification 

of the problem above, the author will applied 2 Methods of 

Monopolar and Bipolar Electrosurgery Unit (Bipolar Cutting 

and Coagulation) using a frequency of 400 kHz equipped 

with low, medium, and high power selection [24]. This paper 

contains several sections. Section 1 of introduction explains 

the problem and the purpose of this research. Section 2 of 

materials and methods contains information on experimental 

settings that describe what materials and devices were used 

in this research, the steps for conducting research, block 

diagrams explaining how the circuit in the electrosurgical 

unit research module works, as well as a flow chart that 

explains how the electrosurgical unit research module 

system works. Section 3 of result that explains program 

listings, measurement result, and our output result. Section 4 

contains a discussion result and section 5 contains the 

conclusions made by the researcher. 

 
II. MATERIAL AND METHODS 

A. DATA COLLECTION 

This monopolar and bipolar electrosurgery unit module has 

a working frequency of 400Khz, with each method having a 

cutting and coagulation mode. This study used a CMOS IC 

(CD4069B, Texas Instrument, America) as a high-frequency 

generator, MOC (4N35, Agilent Technologies, America), 

and MOSFET regulator or driver circuit (740B, Fairchild 

Semiconductor, America) as a current amplifier type A and 

B, and ferrite transformer type: 42-M58802P01 as a voltage 

amplifier before entering the electrodes. A microcontroller 

(Uno, Arduino, Italy) was also used as a microcontroller to 

adjust the PWM output which will produce a cutting mode 

output to issue a duty cycle of 100% and 6% on 94%. Power 

selection was also used and will issue a frequency of 280Hz 

for low power, 350Hz for medium power and 600Hz for high 

power. Furthermore, IC frequency into voltage (LM2907, 

Texas Instruments, USA) was also utilized to convert 

frequency into voltage. A Digital Oscilloscope (Textronic, 

DPO2012, Taiwan) was used to measure and adjust the 

output of the frequency generator. In addition, reed relay was 

used as a current separator between bipolar and monopolar, 

12V 5A ampere switching supply as a circuit power supply, 

buzzer as a discharge indicator during cutting or coagulation, 

forceps bipolar as a cutting knife, and measurement devices 

such as an oscilloscope to measure the output of the oscillator 

circuit, FTV and secondary couple transformers. Last, an 

ESU Analyzer was utilized to measure the result of the 

electrosurgery unit module. 

The manufacture of the module started from an 

oscillator circuit as a frequency generator to produce a 

frequency of 400 kHz. The measurements were carried out 

using an oscilloscope plugged into the oscillator output test 

point and using Arduino Uno as a cutting mode regulator to 

issue a duty cycle of 100% on and a coagulation duty cycle 

of 6% on 94% off. Measurements were carried out using an 

oscilloscope to see the result of the continuous signal and 

difference on the oscilloscope display. Power regulation 

further utilized a frequency to voltage circuit so that there is 

a difference in voltage output from the circuit that can be 

controlled from the microcontroller which was further 

channeled to the class b amplifier circuit. In this class b 

amplifier output, there is a couple transformer as an initial 

voltage booster which then beame the input of the inverter 

circuit which has a ferrite transformer as a high voltage 

booster whose output is connected to the jack as a bipolar 

forceps socket. The measurements using an ESU Analyzer 

were further done by plugging one side of the forceps on the 

active probe of the ESU Analyzer and one side of the forceps 

on the passive probe of the ESU Analyzer. After the 

installation setting was complete, the settings on the ESU 

Analyzer were set by adjusting the impedance used in the 

measurement process. 

After all the circuits are complete, the next step is a 

series of function tests using a Digital Oscilloscope for the 

measurements. Measurements were made on the oscillator 

circuit at the oscillator output test point using an oscillator to 

determine the amount of frequency generated. In this case, 

measurements were also further made on the same board to 

determine the output of the measurement regulator. Pulses 

were carried out at the output using an oscilloscope to know 

the difference in signal between cutting and coagulation then 

measurements are made on the power regulator setting using 

the Avometer at the output of the circuit to measure the 

voltage difference between low, medium, and high. 

Measurements were further made on the driver circuit after 

the three circuits. Measurements were also done on the 

secondary transformer pair to determine the difference in the 
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shape of the cutting and coagulation signals as well as the 

voltage difference between low, medium and high. After 

that, the circuit was fed to the Inverter circuit. The next step 

after a series of function tests was carried out is to test the 

engine function using meat and soap media using an ESU 

Analyzer. In the measurement using an ESU Analyzer, one 

side of the forceps was plugged into the active probe of the 

ESU Analyzer and the other side was plugged to the passive 

probe of the ESU Analyzer. After that, the electrosurgery 

unit and ESU Analyzer module were prepared, setting the 

electrosurgery unit module with alternating cutting and 

coagulation modes as well as the power difference to be 

measured. In this case,  the load on the ESU Analyzer was 

set with three different load settings of 300 Ω, 400 Ω and 

500Ω measurements. 

The power output was carried out in all modes and 

different power settings. Measurements were repeated at 

each different load setting on the ESU Analyzer

.  

      
(a)                                                           (b) 

FIGURE 1. (a) Electrosurgery unit module hardware form and circuit.  (b) Electrosurgery design consists of analog and digital circuits. Analog 
circuit is in the form of pulse adjustment button, buzzer, power adjustment, pulse adjustment, oscillator, driver, and inverter. The digital circuit is 
a microcontroller system controller and an LCD display.  The design of the device was made in such a way to adjust the needs and safety of the 
circuit. The footswitch port, plate, and active electrode were also placed in front of the device to facilitate installation and user movement. 
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FIGURE 2. The block of Electrosurgical Unit Bipolar. When the switch is on the input voltage from PLN to the switch to activate the DC power 
supply and power supply, the entire circuit will get a voltage from the DC supply and the interlock and buzzer circuit is act ive because it gets 
supply from the switching power supply voltage. After that, the input comes from the foot of the switch, entering the microcontroller to perform 
operations with cutting and coagulation modes. It also adjusts the interlock circuit so that it can adjust the on and off of the reed relay which 
functions as a separator between bipolar and monopolar outputs. In this case, a buzzer indicator sound and the button were used to adjust the 
duty cycle connected to Arduino Uno. Furthermore, the cutting and coagulation buttons function as mode regulators on the ESU. There are power 
selection buttons up and down to adjust the power and are connected to the input of the microcontroller. Then the power selection menu will be 
displayed on the character LCD screen through the microcontroller for the selection of the power used and the mode between cutting and 
coagulation which can be set according to the user's wishes. 
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FIGURE 3. The flowchart of Electrosurgical Unit Bipolar. When power is on, 
the character of the LCD screen will be initialized. On the LCD screen, the 
character will display the power selection parameters in cutting and 
coagulation mode. If you want to cut, the system will continue on power 
selection. If you do coagulation, the system will switch to select the 
coagulation control which is carried out via the footswitch which will appear 
on the LCD when it is pressed. There are up and down buttons that function 
to select the desired power difference between low, medium, and high. 
When the power selection is finished, the power will then be displayed on 
the LCD character screen for cutting and coagulation modes. When the foot 
switch is pressed, the device will work with the power display on the LCD 
character screen complete 
 

 
 
FIGURE 4. This figure shows the results of one of the output 
measurements of the oscillator circuit measured using an oscilloscope. 
Measurements were carried out five times with an oscillator setting of 
400KHz and an amplitude of 12V with an average measurement of 
400.4KHz. 
 

FIGURE 2 shows a block diagram of the Electrosurgical Unit 

Bipolar. The small box represents the electrosurgical unit and 

its accessories. FIGURE 3 shows a flowchart of the 

Electrosurgical Unit Bipolar. The flowchart shows the 

software design for the microcontroller systems. 

B. DATA ANALYSIS 

The measurement process will go through a measurement 

process using a digital oscilloscope for oscillatory 

measurements, then measuring the ESU output in cutting and 

coagulating modes in each mode. The result of this 

measurement will be searched for the average value using the 

equation (1) based on the data analysis formula [26]: 𝑥 = 𝑥1+𝑥2…+𝑥𝑛𝑛     (1) 

Where 𝑥 is the average measurement of n measurements, x1 

is the first value that appears during the measurement, x2 is 

the second value that appears during the measurement, and 

xn is the value that appears during the nth experiment. The 

standard deviation is a value that indicates the level (degree) 

of variation in a group of data or a standard measure of 

deviation from its mean. The standard deviation (STDEV) 

formula can be shown in equation (2) based on the data 

analysis formula [26]: 𝑆𝑡𝐷𝑒𝑣 = √∑(𝑥𝑖−𝑢)2𝑁  (2) 

where xi indicates the amount of the desired values, x 

indicates the average of the measurement result, and n shows 

the number of measurements. 

 

 

FIGURE 5. This image is the result of measuring the output of the pulse 
control circuit using an oscilloscope which produces a 100% continuous 
signal used for cutting mode. 

III. RESULT 

 

FIGURE 4 is the result of the measurement of the oscillator 
output using an oscilloscope with an oscillator setting design 
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of 400KHz and amplitude of 12V with 5 times measurements 
producing data with a mean of 400.4KHz. Then, FIGURE 5 
is the result of measuring the pulse control circuit using an 
oscilloscope which produces a continuous signal of 100% 
which is used for cutting mode. Furthermore, FIGURE 6 is 
the measurement result of the pulse control circuit measured 
using an oscilloscope which produces an intermittent signal 
(a signal that appears disappears and then reappears within a 
certain period) of 94% off and 6% on which is used for 
coagulation mode. In this case, pulse control circuit produces 
a voltage of 12V. 

 
 

FIGURE 6. This figure is the measurement result of the pulse control 
circuit using an oscilloscope which produces intermittent signals of 94% 
off and 6% on for coagulation mode. The pulse control circuit produces 

a voltage of 12V. 
 
 

 
 
FIGURE 7. This figure shows the results of the output measurement on 
the power inverter circuit in bipolar cutting mode. 

4) MEASUREMENT RESULT OF FINAL OUTPUT 
USING ESU ANALYZER  

The final output of electrosurgery is at Power Inverter circuit 

and the measurement used ESU Analyzer with setting 

impedance at 300Ω, 400Ω, and 500Ω. The result used HIGH, 

MEDIUM, and LOW setting power with 2 pulse mode pf 

cutting and coagulation as shown in TABLE 1. FIGURE 8 

shows the output of the electrosurgical unit module in cutting 

mode, while FIGURE 9 in coagulating mode. 

 

 
 
FIGURE 8. The results of the output measurement on the power inverter 
circuit in bipolar coagulation mode. 

IV. DISCUSSION 

The result of the electrosurgery research using an oscillator 

can be seen in FIGURE 5 with an error of less than 1%. 

Furthermore, the final power result of the Electro Surgery 

Unit with cutting and coagulation modes can be seen in 

TABLE 1. The Oscillator result shows that the power usage 

settings and the modes used are running well. This study 

wmployed a frequency-to-voltage converter circuit, a pulse 

control circuit, a power control circuit, and a frequency 

generator that produces a frequency of 400Khz to avoid 

faradic effects. In addition, a combination of two monopolar 

and bipolar methods were also used, which were equipped 

with safety features so that they cannot suppress two 

operation buttons simultaneously and the addition of an 

interlock circuit as a monopolar and bipolar current output 

separator. 

This research is a development of previous research on 

the manufacture of Bipolar ESU which has only one mode, 

which is pure cutting, while this research also had monopolar 

cutting and coag ESU. The difference in the working 
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TABLE 1 
This picture is the final output of Electrosurgery on the Power circuit measured using the ESU Analyzer. Impedance settings at 300Ω, 400Ω, and 
500Ω and power settings at HIGH, MEDIUM, and LOW with 2 pulse cutting and coagulation modes. 
 

Measurement 
Cut. 300 Ω 

(W) 
Coag. 300 Ω 

(W)  

Cut. 400 Ω 
(W) 

Coag. 400 Ω 
(W)  

Cut. 500 Ω 
(W) 

Coag. 500 Ω 
(W)  

Mean LOW 24 3 28 3 32.3 3 

Mean MEDIUM 38 3 44.5 3 50 3 

Mean HIGH 44 3 49.3 3 58.3 3 
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frequency of the ESU used was also employed both in this 

study and previous study. However, this study is still far from 

perfect. 

In practice, the use of power settings and correct mode 

selection can minimize unwanted tissue damage during 

surgery. However, this has weaknessed in the forms of the 

power setting which has not been used with a predetermined 

value and the power is less than sufficient for the operation 

of the microcontroller and the small output power on the 

module. 

Briefly, this study describes the difference in the signal 

generated in each mode due to the use of a different duty 

cycle, and also its effect on power regulation. This study used 

three types of power settings including low, medium, and 

high which can be applied to several cutting. Coagulation 

modes also used to produce difference in power output in the 

electrosurgery unit module according to the power setting 

level. This has been measured on the ESU Analyzer. In this 

case, monopolar and bipolar methods were successfully 

merged in one electrosurgery unit module. In addition, there 

was also an increase in the frequency by 400 Khz, as well as 

an increase in power output generated. 

V. CONCLUSION 

This study aims to make power settings and several modes 

to minimize network damage during surgery. The power 

regulation applied in this study is quite good. In this research, 

it is also possible to make an oscillator circuit through simple 

method that can generate high frequencies and increase the 

frequency greater than in previous studies. All modules can 

be controlled using a footswitch and muddy the network. The 

electrosurgery unit module can produce an average power 

with the lowest power of 32.3 Watt and the highest power of 

58.3 Watt in the cutting mode. Meanwhile, in the coagulation 

mode, the lowest power is 3 Watt and the highest power is 3 

watts with 500 Ω impedance setting on ESU Analyzer, which 

also combines monopolar and bipolar methods. For further 

development, several modes can be added such as blending 

on cutting and spraying on coagulation and many more. In 

addition, the power setting needs to be increases so that it can 

measure the output of the inverter so the power can be known 

and adjusted. Additionally, the addition of power to the 

transformer can be used to supply current in the inverter 

circuit and improve the quality of the ferrite transformer so 

that it can increase the voltage and produce more power. It 

also has an addition of a smoke exhaust to reduce the smoke 

quickly during the surgical process. 
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