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ABSTRACT 

 
Digital circuit is a combination of a digital chain of the output is only dependent on the 

input current and is independent of input or output earlier. The method is often used to 

design digital circuits are combined using boolean algebra or Karnaugh map. Zelio Soft 2 

software is derived from the company Schneider Electric that are used to create a PLC 

program (Programmable Logic Controller). Zelio Soft 2 has two models in making the 

program, which uses ladder diagram (LD) and fuction Block (FBD). If in making a 

program using FBD then we use a lot of logic gate elements, such as a full adder, 

multiplexer, decoder, standard logic gates. From the results of the design shows that the 

Zelio soft 2 makes it easy to analyze digital circuit combination. In addition to simulating 

the design of digital circuits can be implemented using any combination of Zelio logic. 
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Introduction 

Digital circuit or logic circuit is a circuit composed of passive electronic components 

and active electronics that make up a digital signal processing function, for example 

operation number system, multiplexer, encoding, decoding. Logic element is a union of 

passive and active components in a digital circuit. Forms the smallest logic elements are logic 

gates (logic gate) which serves to perform logical operations such as OR, AND, and NOT. 

Prior to the IC (integrated circuit) digital circuits, logic gates implemented or prepared using 

passive and active electronic components separate (discrete). 

 

Figure 1.1 Digital circuit 

In accordance with the development of electronics, especially semiconductor 

components, then share the type of logic gate has been made in the form of IC. Digital circuit 

is a combination of a digital chain of the output is only dependent on the input current and is 
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independent of input or output earlier. The method is often used to design digital circuits are 

combined using boolean algebra or Karnaugh map. 

Zelio Soft 2 software is derived from the company Schneider Electric that are used 

to create a PLC program (Programmable Logic Controller). Zelio Soft 2 has two models in 

making the program, which uses ladder diagram (LD) and fuction Block (FBD). If in making 

a program using FBD then we use a lot of logic gate elements, such as a full adder, 

multiplexer, decoder, standard logic gates. 

 

Basic Theory 

a. Adder Circuit
[3]

 

Binary adder circuit is a digital circuit that functions to perform binary addition 

operation. The sum of 1-bit binary number can be Half or Full Adder Adder. Half Adder is a 

summing circuit which ignores the rest of the sum in advance at the input, while the Full 

Adder is a summing circuit that inserts rest of the sum in advance at the input. 

 

Figure 2.1 Half Adder 

Table 2.1 Truth table half adder 

INPUT OUTPUT 

A B S (Sum) C (Carry) 

0 0 0 0 

0 1 1 0 

1 0 1 0 

1 1 0 1 

  

Based on Table 2.1 can be implemented by using a string of Half Adder logic gate 

NAND, NOR, EX-OR or in the form of SOP and POS. From the picture logic circuit can be 

determined equation S (sum) and C (carry). 

 

S = A.B + A.B = A  B 

C = A.B 
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Figure 2.2 Half Adder circuit 

 

Figure 2.3 Full Adder 

Table 2.2 Truth table Full Adder 

INPUT OUTPUT 

A B Cin S Cout 

0 0 0 0 0 

0 0 1 1 0 

0 1 0 1 0 

0 1 1 0 1 

1 0 0 1 0 

1 0 1 0 1 

1 1 0 0 1 

1 1 1 1 1 

 

A Full Adder add two binary numbers and each bit in the same position for 

aggregated. Full Adder summing two input bits plus the residual value of the sum (carry-out) 

from the sum of the previous bit. The output of the Full Adder is the sum (Sum) and the 

remaining bits (carry-out). Based on Table 2.2 can be made full adder logic circuit using the 

EX-OR gate. 

 

Figure 2.4  Full Adder logic circuit 
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Full output equation adder logic circuit shown in Figure 2.4 is 

S = A  B  Cin 

Cout = A.B + A.Cin + B.Cin 

 

Figure 2.5 Full Adder using two Half Adder 

b. Multiplexer and Demultiplexer
[3]

 

Multiplexer (MUX) is a logic circuit that functions to select multiple data input and 

only the data contained in the output. In the process of selection of data is done with the help 

of voters or control signals, so the multiplexer can also be referred to as the voter data. 

 

Figure 2.6 Working system Multiplexer 

On Figure 2.6 shows the process of selecting the data of the data I1 to I4 and the 

data is only one data out on Y. 

 

Figure 2.7 MUX 4 to 1 

A multiplexer (MUX) 4 to 1 has four input data and the output data is shown in Table 2.3. 
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Table 2.3 Truth table MUX 4 to 1 

SELECTOR   OUTPUT 

S1 S0 Y 

0 0 I1 

0 1 I2 

1 0 I3 

1 1 I4 

 

Demultiplexer (Demux) which is the opposite of the multiplexer serves to channel 

the input data to one of several output signals with the help of the voters, so that the 

demultiplexer can be called channeling data. 

 

Figure 2.8 Demux 1 to 4 

 

 

Table 2.4 Truth table DEMUX 1 to 4 

SELECTOR OUTPUT 

S1 S0 Y1 Y2 Y3 Y4 

0 0 1 0 0 0 

0 1 0 1 0 0 

1 0 0 0 1 0 

1 1 0 0 0 1 

 

Demultiplexer of the truth table in Table 2.4 shows the output at Y1 to Y4 and 

regulated by S1 and S0. 

c. Decoder
[3]

 

Decoder is a digital circuit that serves to re-encodes binary code into the original 

data and the output will be enabled with the possibility of one of the combinations of inputs. 

Decoder function is the opposite of the encoder, which converts the data input into a binary 
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code at the output. Several types of decoders are often met decoder 3x8 (3-bit input and 8 

output line), 4x16 decoder, decoder BCD to Decimal (4-bit input and 10 output line), BCD to 

7 segment decoder (4-bit input and 8 output line). 

 

Figure 2.9 Decoder 2 to 4 

Table 2.5 Truth table Decoder 2 to 4 

INPUT OUTPUT 

B A Y0 Y1 Y2 Y3 

0 0 1 0 0 0 

0 1 0 1 0 0 

1 0 0 0 1 0 

1 1 0 0 0 1 

 

 

Figure 2.10 Decoder logic circuit 

Method 

Form of digital circuit design research in the form of a combination of simulation 

using program Zelio Soft 2. In doing research there are several steps being taken, namely: to 

design Half and Full Adder Adder, perform design Multiplexer and demultiplexer, decoder 

design, perform water level controller design, hydrant pump motor controller design. set the 

input and output variables, and perform simulation of the design. 
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Results and Discusion 

a. Half Adder and Full Adder 

 

Figure 4.1 Designed by Half Adder 

 

Figure 4.2 Simulation Half Adder 

Half Adder design results shown in Figure 4.1, this circuit uses EX-OR gate for 

output to the output AND Sum and Carry. Input using push button, if the button is pressed, 

the input provides logic 1 and if the button is released the input provides logic 0. The output 

using relay contacts, if the relay receives a logic 1 then the relay contacts will close and if the 

relay receives a logic 0 then the relay contacts will open. Half Adder course of the simulation 

circuit shown in Figure 4.2. 
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Figure 4.3 Designed by Full Adder 

Figure 4.3 is the design of the Full Adder using two EX-OR gates and three AND 

gates. Input circuit using push button and output relay contacts are also used. In the 

simulation visible if the push button is pressed or give logic 1 and push button also provides a 

logic 1, the output relay contacts on both will close. 

 

Figure 4.4 Simulation Full Adder 

 

b. Multiplexer and Demultiplexer 

Multiplexers in Figure 4.5 has four input using push button and a yellow color 

selector signal using the push button blue. At the signal selector is used and the data input 

NOT gate using the AND gate. Output Multiplexer using four input OR gate and relay 
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contacts. The simulation shows if the second selector push button push button and all the data 

gives a logic 1, then the input data multiplexer is out on the third data. 

 

Figure 4.5 Designed by Multiplexer 

 

Figure 4.6 Simulation Multiplexer 

Because demultiplexer is the opposite of the input multiplexer then only have one 

data input using push button and signal selector kunimg color using push button blue. Four 

output demultiplexer (Q) are all using the relay contacts and if the AND gate provides a logic 

1 then the relay contacts will close. By the time the signal push button push button selector 

and the data provide a logic 1, the input data will be passed on the fourth gate of the 

demultiplexer, while the other three AND gate provides output logic 0 (off). 
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Figure 4.7 Designed by demultiplexer 

 

Gambar 4.8 Simulation Demultiplexer 

c. Decoder 

In designing Decoder NOT gate takes two and four AND gates, the data input has 

two inputs with four combinations of binary data. If the binary data 01 which means first off 

push button and the second button on the push button, then the second gate which will 

provide a logic 1 at the output (Q). 
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Figure 4.9 Designed by Decoder 

 

Figure 4.10 Simulation Decoder 

d. Water level control circuit 

In the design of the water level controllers used four entries which include the stop 

button (A), the start button (B), upper tank sensor (C), the bottom tank sensor (D). There are 

two system output electric motor or pump motor (Q1) and indicators (Q2). Table 4.1 shows 

the input and output of the system design. By using Karnaugh-map then can be generated 

logic gate circuit design minumum for controlling the water level. 

Table 4.1 The design of the water level controllers 

INPUT OUTPUT 

A B C D Q1 Q2 
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0 0 0 0 0 1 

0 0 0 1 0 1 

0 0 1 0 0 1 

0 0 1 1 0 1 

0 1 0 0 0 1 

0 1 0 1 0 1 

0 1 1 0 0 1 

0 1 1 1 0 1 

1 0 0 0 0 1 

1 0 0 1 1 0 

1 0 1 0 0 1 

1 0 1 1 0 1 

1 1 0 0 0 1 

1 1 0 1 1 0 

1 1 1 0 0 1 

1 1 1 1 0 1 

 

 

Figure 4.11 Water level controller circuit simulation 

From the simulation results seen when both keys in a closed condition and under a 

closed tank level sensor, the pump motor will work to channel water into the water tank. If 

the tank above the water level sensor is closed then the motor pump will stop working, 

because the contents of the water tank is full. 

 

e. Pump Motor Control circuit Hydrant 
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In the control system of the water in the hydrant pipeline network used three pumps. 

Electric pump and jockey pump uses a three-phase electric motor and the diesel pump did not 

use three-phase electric motor, but using diesel propulsion engine. The amount of capacity 

pumps are used depending on the length of the pipeline network hydrant installation. 

 

Figure 4.12 Diagram hydrant control systems 

 

Figure 4.13 Simulation of control systems of the building during a fire hydrant 

At the time of normal circumstances, jockey pump motors will work to stabilize the 

water pressure in hydrant installation network. In this case the second sensor (pressure 

sensor) will provide feedback or information on the controller to regulate the working jockey 

pump motors. If the water pressure in the pipeline network hydrant installations are not able 

to overcome by jockey pump, the pressure sensor will work to give the order for electric 

motors pump works to achieve the desired water pressure. In the event of a fire, the heat 

sensors and smoke sensors will be giving orders to the controller so that the motor electric 
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pump works, so that the process can be carried out by the extinguishing the fire hydrant box. 

Sensor 1 is a pressure sensor, fire sensor, and smoke sensors. In the event of a power outage 

caused by a fire, the diesel pump will take over the process of extinguishing the fire of the 

electric pump. This is done by a third sensor (sensor voltage). 

 

Conclusion 

First, Zelio Soft 2 is also used to make the program ladder diagram (LD) can also be 

used to create the design of digital circuits consisting of a combination of basic logic gates, 

Half Adder, Full Adder, multiplexer, demultiplexer, and decoders using the program function 

block (FBD ). 

Second, to implement the results of the combination of digital circuit design needed 

Zelio logic devices with a choice of the type and source voltage as needed. 

Third, the simulation has been done on digital circuits using a combination of FBD 

program Zelio Soft 2 to facilitate the analysis. 

Fourth, Zelio Soft 2 with FBD option can be used to design a combination of logic 

gates on the water level controllers and motor controllers hydrant pump. 
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