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Abstract: A frequency generating system, capable of producing 36 different sound frequencies, corresponding to tones 

and semitones of 3rd, 4th and 5th music octaves, is manufactured, programmed and presented here. The system uses 

two passive buzzers from which the left one is programmed to produce 3rd octave sound frequencies, while the right 

buzzer produces middle 4th and 5th octave sound frequencies. Our system also uses two external LEDs related to cor-

responding buzzers and each LED lights up if signal is sent to its relative buzzer. An additional information is given to 

system user by the VHDL program, showing in FPGA board’s seven-segment displays, letters FA or SOL correspond-

ing to FA or SOL keys, if left or right buzzer, respectively, is activated. Both FA and SOL are shown in case that user 

plays a chord from 3rd – 4th or 3rd – 5th octaves. The system is implemented using DE10-Lite FPGA board and 36 
touch-capacitive switches, acting as inputs to the board and obviously related to corresponding notes frequencies. Our 

system has low manufacturing cost and it is ideal for use in hands-on practicing method of music beginners or in any 

other application where specific acoustic music notes sounds are needed. The VHDL program used here, also provides 

the ability of expanding our system by incorporating 36 instead of 2 different output buzzers, each one corresponding 

to specific tone or semitone notes of the three octaves mentioned above. Our system’s capabilities can also be expanded 

due to the flexibility of the VHDL code, by programming it to generate frequency sounds corresponding to quarter 

tones. 

Keywords: Octaves, music notes, acoustic frequency generator FPGA, VHDL, Buzzer, LEDs. 

INTRODUCTION 

It is well known that FPGAs have attracted attention of a great number of researchers in the recent years, for industrial 

as well as for a variety of other applications. (1-15) FPGAs have the main advantage of combining software and hard-

ware, thus enabling hardware programming for a series of applications. The most used languages for FPGAs’ program-

ing are VHDL and Verilog and VHDL is the one used in our work. 

Although a lot of work has been done concerning implementation of FPGAs in a variety of applications as mentioned 

above, there are few works (16-20) dealing with FPGA assisted, music notes frequency systems. The above works: 

a)Analyze analog audio signals from a digital piano using an FPGA-based Fast Fourier Transform (FFT) for real-time 
frequency analysis, b)Focus on detecting multiple concurrent notes (chords) in real-time, c)Implement a convolutional 

spiking network on an FPGA to classify musical notes, d)Describe implementing IIR loss filters on a Cyclone II FPGA 

to simulate stringed instrument sounds and e)Cover designing a basic piano keyboard, including calculating bit coun-

ters for 13 notes in a low octave. 
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All of the above works do not solve the problem of manufacturing and programming an FPGA-based, simple, portable, 
easy to use and low cost system capable of generating a wide range of specific music notes acoustic sounds, in the 

range of 3 octaves by using 36 capacitive-touch switches and two buzzers. A system which is ideal for use from music 

beginners and especially little kids.   

We present here a system that can generate all music tones and semitones in the range of 3rd, middle 4th and 5th oc-

taves, by simply touching corresponding capacitive switches. 

Our system also provides indication to beginner in FPGA’s seven-segment displays, showing FA or SOL key depend-

ing on the octave used, simultaneously with external LED indication giving proof about the buzzer used upon touching 

the specific switch.   

Another benefit of our system is that it can work with a variety of touch switches and its VHDL program provides the 

advantage of expanding the system by using 36 buzzers instead of 2, as well as modifying the program in order to gen-

erate sounds of all music octaves including tones, semitones and quarter tones.  

Design overview and operation of the system 

Figure1 presents device overview and operational units of our system, using FPGA DE10-Lite board, while Figure 2 

presents circuit diagram of the system. Subsequent Figure 3(a,b,c) presents the implemented notes frequency generat-

ing system of this work. 

It is obvious from the above figures that our system, except from DE10-Lite FPGA board, contains also some basic 

circuit parts. It uses two passive buzzer units with their corresponding external red LEDs. LEDs are protected from 

overloading and subsequent destruction, by 330 ohm series resistance. Each one of the buzzer units uses an NPN tran-

sistor with 1K resistance connected at the base pin, for amplification of the FPGA’s output frequency signal. Our sys-

tem also uses 36 touch-capacitive switches connected in different FPGA’s GPIO pins, acting as the main input and de-

termine specific notes that user wants to produce. The above switches, as shown in Figure 3, are arranged in the order 

of the piano keys, which means that from left to right, switches 1 to 12 correspond to 3rd piano octave including all 

tones and semitones, switches 13 to 24 correspond to middle 4th piano octave and switches 25 to 36 correspond to 5th 
piano octave.  

 

 

Figure 1: Device overview and operational units of our system. 
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Figure 2: Circuit diagram of our system 

   

a)          
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b) 

  

c)          

Figure 3a), b) and c): The implemented notes frequency generating system of this work. 

Our notes frequency generating system starts operating as soon as power supply +5V is applied to the circuits via 

DE10-Lite appropriate pins and the VHDL program is sent via USB Blaster interface, to FPGA chip.   

Input values represented by logic 1 from touch-capacitive switches, are send to specific GPIO pins of the FPGA 

board, whenever a switch is touched by user. Subsequently corresponding signal produced by the VHDL program acti-

vates one or both buzzers, depending on the number of switches that are being touched. The system is able to generate 

one note per buzzer at specific time. This means that if user wants to play music chords he can touch at the same time 
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one of 3rd octave switches and simultaneously one switch from 4th or 5th octave. We mentioned above that if we want 
to expand our system’s abilities we can add 36 instead of 2 passive buzzers, in order to be able to generate sounds by 

simultaneously touching more than one switches from the preferred octaves. However there is a limit to the above ex-

pansion due to FPGA’s limited number of GPIO or I/O pins.  

Upon activation of a buzzer its corresponding external red LED lights up, providing indication about the sounding 
buzzer. Needless to say that if both buzzers sound then both LEDs are ON.  Our system also provides another useful 

indication to music beginners and especially little kids by displaying the name of the music key FA or SOL in which 

the generated music note corresponding to specific touched switch, is included. FA is displayed in left seven-segment 

displays of the board if a switch of 3rd octave is touched, while SOL is displayed in case that 4th or 5th octave switches 

are being touched. In case that both buzzers are simultaneously activated then both FA and SOL keys appear in board’s 

seven-segment displays.     

  

Figure 4: The notes frequency generating system operating. Touch switches 13 to 36 are used and right buzzer with its 

corresponding external LED are activated. Octaves 4 and 5 are used with simultaneous SOL displaying in board’s sev-

en-segment displays 

 

 

Figure 4 presents our notes frequency generating system in operating condition. We use touch switches 13 to 36, thus 
right buzzer with its corresponding external LED are activated. Octaves 4 and 5 are used and simultaneously SOL is 

displayed in board’s seven-segment displays. 
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Figure 5: The notes frequency generating system operating. Touch switches 1 to 12 are used and left buzzer with its 

corresponding external LED are activated. Octave 3 is used with simultaneous FA displaying in board’s seven-segment 

displays 

 

Figure 5 also shows the notes frequency generating system, operating. Now touch-capacitive switches 1 to 12 are used 
and left buzzer with its corresponding external LED are activated. The generated note frequencies are included in oc-

tave 3, thus simultaneously FA is displayed in board’s seven-segment displays. 

 

 

 

https://iarjset.com
https://iarjset.com/


IARJSET 

International Advanced Research Journal in Science, Engineering and Technology 

Impact Factor 8.066Peer-reviewed & Refereed journalVol. 13, Issue 6, June 2026 

DOI:  10.17148/IARJSET.2026.13607 

© IARJSET                  This work is licensed under a Creative Commons Attribution 4.0 International License                  43 

ISSN (O) 2393-8021, ISSN (P) 2394-1588 

Figure 6: The notes frequency generating system operating. Touch switches 1 to 36 are used producing chords of 3 and 
4 octaves or 3 and 6 octaves, leading to activation of both left and right buzzers and their corresponding external LEDs. 

Consequently FA and SOL are simultaneously displayed in board’s seven-segment displays 

 

Finally in Figure 6 our notes frequency generating system is also in operating mode, but the difference here is that all 

touch-capacitive switches from 1 to 36 are used. This produces chords from 3 and 4 octaves or 3 and 6 octaves, leading 

to activation of both right and left buzzers and their corresponding external LEDs. Consequently FA and SOL are both 

displayed simultaneously in FPGA’s seven-segment displays. 

 

Programing the system 

We used Quartus Prime Lite Edition 21.1.1 to create the VHDL programs of our system. A flowchart diagram, present-

ing main functions of our system is presented in Figure 7, while the APPENDIX contains the whole VHDL program. 

It is clear that the system operates six basic functions. All of them use processes in VHDL programming language. 

These processes are running as long as the system is ON. All external LEDs and buzzers, are programmed to work as 

logic outputs, thus they are at the ON state if they receive binary ‘1’ as logic output. 

  

Figure 7: Flowchart diagram, presenting main functions-processes of our system.  

First and second functions of Figure 7 play definitive role in system operation. The first process represents 12 simpler 

processes, each of them being responsible for generating the corresponding tone or semitone signal, depending on the 

specific touch-capacitive switch that it is touched by user. The above 12 simpler processes constitute 3rd piano octave. 
Similarly second function represents 24 simpler processes, each of them being responsible for generating the corre-

sponding tone or semitone signal, depending on the specific touch-capacitive switch being touched. These 24 simpler 

processes constitute 4th and 5th piano octaves.  

https://iarjset.com
https://iarjset.com/


IARJSET 

International Advanced Research Journal in Science, Engineering and Technology 

Impact Factor 8.066Peer-reviewed & Refereed journalVol. 13, Issue 6, June 2026 

DOI:  10.17148/IARJSET.2026.13607 

© IARJSET                  This work is licensed under a Creative Commons Attribution 4.0 International License                  44 

ISSN (O) 2393-8021, ISSN (P) 2394-1588 

The main programming idea in total and similar 36 simpler processes is to set a COUNT LIMIT which determines the 
frequency that we want to generate for each tone or semitone of 3rd, 4th and 5th octaves. This happens because unlike 

to active buzzers, the passive buzzers used here, require an external oscillating signal (PWM) to sound, allowing them 

to produce different tones. An FPGA counter in the VHDL program, counts down from a set value toggling the output 

pin connected to buzzer, at specific intervals to create the desired frequency. If user wants to produce a note with fre-

quency f (Hz) the counter is configured to toggle every  

50 𝑀𝐻𝑧

2𝑓
  clock cycles, which is the value of the COUNT LIMIT mentioned above. The clock of DE10-Lite FPGA board 

works at 50 MHz. 

Tables 1, 2 and 3 shown below, present notes and their corresponding frequency and count limit for 3rd, 4th and 5th 

octaves, respectively, used in 36 simple processes each one of them producing the appropriate output for the passive 

buzzers of this work and corresponding to a different touch-capacitive switch. 

Table1:  3rd octave 

 

Note 

DO3 

C3 

 

DO# 

C# 

 

RE 

D 

 

RE# 

D# 

 

MI 

E 

 

FA 

F 

 

FA# 

F# 

 

SOL 

G 

 

SOL# 

G# 

 

LA 

A 

 

LA# 

A# 

 

SI 

B 

 

 

Frequency 

(Hz) 1
3

0
.8

1
 

1
3

8
.5

9
 

1
4

6
.8

3
 

1
5

5
.5

6
 

1
6

4
.8

1
 

1
7

4
.6

1
 

1
8

5
.0

0
 

1
9

6
.0

0
 

2
0

7
.6

5
 

2
2

0
.0

0
 

2
3

3
.0

8
 

2
4

6
.9

4
 

    Count 

Limit 

50MHz/ 

(2*F) 

No deci-

mals 

1
9

1
1

1
6
 

1
8

0
3

8
8
 

1
7

0
2

6
4
 

1
6

0
7

0
9
 

1
5

1
6

8
9
 

1
4

3
1

7
6
 

1
3

5
1

3
5
 

1
2

7
5

5
1
 

1
2

0
3

9
4
 

1
1

3
6

3
6
 

1
0

7
2

5
9
 

1
0

1
2

3
9
 

Table1: Notes, frequencies and corresponding count limits of 3rd octave. 

Table2: 4th octave 

 

Note 

DO4 

C4 

 

DO# 

C# 

 

RE 

D 

 

RE# 

D# 

 

MI 

E 

 

FA 

F 

 

FA# 

F# 

 

SOL 

G 

 

SOL# 

G# 

 

LA 

A 

 

LA# 

A# 

 

SI 

B 

 

 

Frequency 

(Hz) 

2
6

1
.6

3
 

2
7

7
.1

8
 

2
9

3
.6

6
 

3
1

1
.1

3
 

3
2

9
.6

3
 

3
4

9
.2

3
 

3
6

9
.9

9
 

3
9

2
.0

0
 

4
1

5
.3

0
 

4
4

0
.0

0
 

4
6

6
.1

6
 

4
9

3
.8

8
 

    Count 

Limit 

50MHz/ 

(2*F) 
No decimals 9

5
5
5
4
 

9
0
1
9
4
 

8
5
1
3
2
 

8
0
3
5
2
 

7
5
8
4
2
 

7
1
5
8
6
 

6
7
5
6
9
 

6
3
7
7
5
 

6
0
1
9
7
 

5
6
8
1
8
 

5
3
6
2
9
 

5
0
6
1
9
 

Table2: Notes, frequencies and corresponding count limits of 4th octave. 
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Table3: 5th octave 

 

Note 

DO5 

C5 

 

DO# 

C# 

 

RE 

D 

 

RE# 

D# 

 

MI 

E 

 

FA 

F 

 

FA# 

F# 

 

SOL 

G 

 

SOL# 

G# 

 

LA 

A 

 

LA# 

A# 

 

SI 

B 

 

 

Frequency 

(Hz) 

5
2
3
.2

5
 

5
5
4
.3

7
 

5
8
7
.3

3
 

6
2
2
.2

5
 

6
5
9
.2

6
 

6
9
8
.4

6
 

7
3
9
.9

9
 

7
8
3
.9

9
 

8
3
0
.6

1
 

8
8
0
.0

0
 

9
3
2
.3

3
 

9
8
7
.7

7
 

    Count 

Limit 

50MHz/ 

(2*F) 

No decimals 4
7
7
7
8
 

4
5
0
9
6
 

4
2
5
6
5
 

4
0
1
7
6
 

3
7
2
9
1
 

3
5
7
9
3
 

3
3
7
8
4
 

3
1
8
8
8
 

3
0
0
9
8
 

2
8
4
0
9
 

2
6
8
1
4
 

2
5
3
0
9
 

Table3: Notes, frequencies and corresponding count limits of 5th octave. 

We also observe in Figure7 functions-processes 3 and 4. These processes have a similar operation which is activating 

the appropriate buzzer and sending it the corresponding signal generated in processes 1 and 2, upon touching one of the 

36 switches. Process 3 is activated by using 1-12 switches and sends a signal to left buzzer with simultaneous lighting 

of left red, external LED (LED1). Process 4 is activated by using 13-36 switches and sends a signal to right buzzer with 

simultaneous lighting of right red, external LED (LED2). 

Finally functions-processes 5 and 6 are checking whether LED1 or LED2, respectively, are activated in order to display 

the appropriate word in board’s seven-segment displays. In process 5 if LED1 is ON this means that we use switches 

corresponding to 3rd piano octave, thus we are in the range of FA key and FA is displayed. Similarly in process 6 if 
LED2 is ON this means that we use switches corresponding to 4th or 5th piano octaves, thus we are in the range of 

SOL key and SOL is displayed.  

Application of the system 

Hands-on learning is an active educational method where you learn by doing rather than by just reading or listening. By 

physically engaging with materials, you transform abstract concepts into tangible, real-world experiences. This ap-

proach is proven to significantly improve your memory, retention, and critical problem-solving skills (21-22). This meth-

od works because if a human actively uses his physical senses (touch, sight, etc.), helps him to create stronger neural 

connections and sensory memories. In fact you shift from being a passive observer to an active participant, optimizing 
how your brain processes new information. Finally hands-on learning bridges the gap between theoretical rules and 

how those concepts actually operate in practice.  

Taking into account all the above we propose the application of our system to music beginners of all ages but especially 
little kids. It is certain that kids will find our system suitable for gamified hands-on learning. It will help children be-

come familiar with musical notes, tones, semitones, tone duration, octaves and everything a music beginner would like 

to learn. It is obvious from our manufactured system that small touch-capacitive switches implemented in our work, are 

ideal for little kids having small fingers and also there is no need to exert power on switches, but use them with a sim-

ple touch. Additionally teacher could help children learn the names of music notes as they touch the switches, by ask-

ing them to pronounce a simple word that comes to mind and begins with the letters of the note they are playing at that 

particular moment. This will help them enrich their vocabulary at the same time. 

Needless to say that except from the application in music beginners, our system can be useful in every case that specific 

note frequencies are need to be generated, for example in acoustic frequencies recognition in security systems or medi-

cal equipment for testing human ear efficiency.  

Finally we present the famous song “Memories” played with our manufactured system: 

https://www.youtube.com/watch?v=mZ8TSxOSmnU    

Conclusions 
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An FPGA-based, music notes, frequency generating system, is presented in this work. Our system is able to produce 36 
different frequency signals, which correspond to all tones and semitones of 3rd, middle 4th and 5th music octaves. It 

uses two passive buzzers for playing the notes which FPGA is sending as output, depending on which of 36 touch-

capacitive switches is being touched by user. Both buzzers are equipped with an external LED indicating whether cor-

responding buzzer is ON with simultaneous lighting of LED. Left buzzer is activated if switches 1 to 12 (3rd octave) 

are touched, while right buzzer is ON if switches 13 to 24 (4th octave) or 25 to 36 (5th octave) are touched. Additional 

indication is shown to user, by displaying in FPGA’s seven-segment displays FA (key) if left buzzer produces sounds 

and SOL (key) if right buzzer produces sounds. Our system is easy to use and low cost to manufacture. System’s 

VHDL program provides the ability for system to be expanded by adding more buzzers for better behavior when play-

ing chords and also programming it to produce quarter tones. Our manufactured note frequencies generating system is 

ideal for hands-on learning use from music beginners and especially kids and also can be applicable in medical or secu-

rity sound frequencies generating systems. 
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APPENDIX 

library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.NUMERIC_STD.ALL; 

entity buzzer_note is 

    Port ( clk      : in  STD_LOGIC; -- 50MHz input clock 

                                                  buzzer1   : out STD_LOGIC;  -- Output to passive buzzer1 

     buzzer2   : out STD_LOGIC; -- Output to passive buzzer2 

     SW1      : in  STD_LOGIC; 

     SW2      : in  STD_LOGIC; 

     SW3      : in  STD_LOGIC; 

     SW4      : in  STD_LOGIC; 

     SW5      : in  STD_LOGIC; 

     SW6      : in  STD_LOGIC; 

     SW7      : in  STD_LOGIC; 

     SW8      : in  STD_LOGIC; 

     SW9      : in  STD_LOGIC; 

     SW10      : in  STD_LOGIC; 

     SW11      : in  STD_LOGIC; 

     SW12      : in  STD_LOGIC; 

     SW13      : in  STD_LOGIC; 

     SW14      : in  STD_LOGIC; 

     SW15      : in  STD_LOGIC; 

     SW16      : in  STD_LOGIC; 

     SW17      : in  STD_LOGIC; 

     SW18      : in  STD_LOGIC; 

     SW19      : in  STD_LOGIC; 

     SW20      : in  STD_LOGIC; 

     SW21      : in  STD_LOGIC; 

     SW22      : in  STD_LOGIC; 

     SW23      : in  STD_LOGIC; 

     SW24      : in  STD_LOGIC; 

     SW25      : in  STD_LOGIC; 

     SW26      : in  STD_LOGIC; 

     SW27      : in  STD_LOGIC; 

     SW28      : in  STD_LOGIC; 

     SW29      : in  STD_LOGIC; 

     SW30      : in  STD_LOGIC; 

     SW31      : in  STD_LOGIC; 

     SW32      : in  STD_LOGIC; 

     SW33      : in  STD_LOGIC; 

     SW34      : in  STD_LOGIC; 

     SW35      : in  STD_LOGIC;     

     SW36      : in  STD_LOGIC; 

     LED1     : out STD_LOGIC; 

     LED2     : out STD_LOGIC; 

     -- HEX 
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HEX0: out std_logic_vector(7 downto 0); -- L 

HEX1: out std_logic_vector(7 downto 0); -- O 

HEX2: out std_logic_vector(7 downto 0); -- S 

HEX3: out std_logic_vector(7 downto 0); -- A 

HEX4: out std_logic_vector(7 downto 0) -- F 

         ); 

end buzzer_note; 

architecture Behavioral of buzzer_note is    

    constant COUNT_LIMIT1 : integer := 191116;  

    signal counter1       : integer range 0 to COUNT_LIMIT1 := 0;    

  constant COUNT_LIMIT2 : integer := 180388; 

    signal counter2       : integer range 0 to COUNT_LIMIT2 := 0; 

  constant COUNT_LIMIT3 : integer := 170264;  

    signal counter3       : integer range 0 to COUNT_LIMIT3 := 0;    

  constant COUNT_LIMIT4 : integer := 160709;  

    signal counter4       : integer range 0 to COUNT_LIMIT4 := 0; 

  constant COUNT_LIMIT5 : integer := 151689;  

    signal counter5       : integer range 0 to COUNT_LIMIT5 := 0;    

  constant COUNT_LIMIT6 : integer := 143176;  

    signal counter6       : integer range 0 to COUNT_LIMIT6 := 0; 

  constant COUNT_LIMIT7 : integer := 135135;  

    signal counter7       : integer range 0 to COUNT_LIMIT7 := 0;    

  constant COUNT_LIMIT8 : integer := 127551;  

    signal counter8       : integer range 0 to COUNT_LIMIT8 := 0; 

  constant COUNT_LIMIT9 : integer := 120394;  

    signal counter9       : integer range 0 to COUNT_LIMIT9 := 0;    

  constant COUNT_LIMIT10 : integer := 113636;  

    signal counter10       : integer range 0 to COUNT_LIMIT10 := 0; 

  constant COUNT_LIMIT11 : integer := 107259;  

    signal counter11       : integer range 0 to COUNT_LIMIT11 := 0;    

  constant COUNT_LIMIT12 : integer := 101239;  

    signal counter12       : integer range 0 to COUNT_LIMIT12 := 0; 

  constant COUNT_LIMIT13 : integer := 95554;  

    signal counter13       : integer range 0 to COUNT_LIMIT13 := 0;    

  constant COUNT_LIMIT14 : integer := 90194;  

    signal counter14       : integer range 0 to COUNT_LIMIT14 := 0; 

  constant COUNT_LIMIT15 : integer := 85132;  

    signal counter15       : integer range 0 to COUNT_LIMIT15 := 0;    

  constant COUNT_LIMIT16 : integer := 80352;  

    signal counter16       : integer range 0 to COUNT_LIMIT16 := 0; 

  constant COUNT_LIMIT17 : integer := 75842;  

    signal counter17       : integer range 0 to COUNT_LIMIT17 := 0;    

  constant COUNT_LIMIT18 : integer := 71586;  

    signal counter18       : integer range 0 to COUNT_LIMIT18 := 0; 

  constant COUNT_LIMIT19 : integer := 67569;  

    signal counter19       : integer range 0 to COUNT_LIMIT19 := 0;    

  constant COUNT_LIMIT20 : integer := 63775;  

    signal counter20       : integer range 0 to COUNT_LIMIT20 := 0; 

  constant COUNT_LIMIT21 : integer := 60197;  

    signal counter21       : integer range 0 to COUNT_LIMIT21 := 0;    

  constant COUNT_LIMIT22 : integer := 56818;  

    signal counter22       : integer range 0 to COUNT_LIMIT22 := 0; 

  constant COUNT_LIMIT23 : integer := 53629;  

    signal counter23       : integer range 0 to COUNT_LIMIT23 := 0;    

  constant COUNT_LIMIT24 : integer := 50619;  

    signal counter24       : integer range 0 to COUNT_LIMIT24 := 0; 

  constant COUNT_LIMIT25 : integer := 47778;  

    signal counter25       : integer range 0 to COUNT_LIMIT25 := 0;    

  constant COUNT_LIMIT26 : integer := 45096;  

    signal counter26       : integer range 0 to COUNT_LIMIT26 := 0; 

  constant COUNT_LIMIT27 : integer := 42565;  

    signal counter27       : integer range 0 to COUNT_LIMIT27 := 0;    

  constant COUNT_LIMIT28 : integer := 40176;  

    signal counter28       : integer range 0 to COUNT_LIMIT28 := 0; 

  constant COUNT_LIMIT29 : integer := 37291;  

    signal counter29       : integer range 0 to COUNT_LIMIT29 := 0;    

  constant COUNT_LIMIT30 : integer := 35793;  

    signal counter30       : integer range 0 to COUNT_LIMIT30 := 0; 

  constant COUNT_LIMIT31 : integer := 33784;  

    signal counter31       : integer range 0 to COUNT_LIMIT31 := 0;    

  constant COUNT_LIMIT32 : integer := 31888;  

    signal counter32       : integer range 0 to COUNT_LIMIT32 := 0; 

  constant COUNT_LIMIT33 : integer := 30098;  
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    signal counter33       : integer range 0 to COUNT_LIMIT33 := 0;    

  constant COUNT_LIMIT34 : integer := 28409;  

    signal counter34       : integer range 0 to COUNT_LIMIT34 := 0; 

  constant COUNT_LIMIT35 : integer := 26814;  

    signal counter35       : integer range 0 to COUNT_LIMIT35 := 0;    

  constant COUNT_LIMIT36 : integer := 25309;  

    signal counter36       : integer range 0 to COUNT_LIMIT36 := 0; 

  signal temp_buzzer1   : std_logic; --:= '0'; 

    signal temp_buzzer2   : std_logic; --:= '0';  

  signal temp_buzzer_1   : std_logic := '0';  

  signal temp_buzzer_2   : std_logic := '0';  

  signal temp_buzzer_3   : std_logic := '0';  

  signal temp_buzzer_4   : std_logic := '0';  

  signal temp_buzzer_5   : std_logic := '0';  

  signal temp_buzzer_6   : std_logic := '0';  

  signal temp_buzzer_7   : std_logic := '0';  

  signal temp_buzzer_8   : std_logic := '0';  

  signal temp_buzzer_9   : std_logic := '0';  

  signal temp_buzzer_10   : std_logic := '0';  

  signal temp_buzzer_11   : std_logic := '0';  

  signal temp_buzzer_12   : std_logic := '0';  

  signal temp_buzzer_13   : std_logic := '0';  

  signal temp_buzzer_14   : std_logic := '0';  

  signal temp_buzzer_15   : std_logic := '0';  

  signal temp_buzzer_16   : std_logic := '0';  

  signal temp_buzzer_17   : std_logic := '0';  

  signal temp_buzzer_18   : std_logic := '0';  

  signal temp_buzzer_19   : std_logic := '0';  

  signal temp_buzzer_20   : std_logic := '0';  

  signal temp_buzzer_21   : std_logic := '0';  

  signal temp_buzzer_22   : std_logic := '0';  

  signal temp_buzzer_23   : std_logic := '0';  

  signal temp_buzzer_24   : std_logic := '0';  

  signal temp_buzzer_25   : std_logic := '0';  

  signal temp_buzzer_26   : std_logic := '0';  

  signal temp_buzzer_27   : std_logic := '0';  

  signal temp_buzzer_28   : std_logic := '0';  

  signal temp_buzzer_29   : std_logic := '0';  

  signal temp_buzzer_30   : std_logic := '0';  

  signal temp_buzzer_31   : std_logic := '0';  

  signal temp_buzzer_32   : std_logic := '0';  

  signal temp_buzzer_33   : std_logic := '0';  

  signal temp_buzzer_34   : std_logic := '0';  

  signal temp_buzzer_35   : std_logic := '0'; 

  signal temp_buzzer_36   : std_logic := '0';    

  signal LED1_sig : std_logic; 

  signal LED2_sig : std_logic;   

begin 

    process(clk, SW1) 

    begin 

  if SW1= '1' THEN 

            if rising_edge(clk) then 

            if counter1 = COUNT_LIMIT1 - 1 then 

                counter1 <= 0; 

                temp_buzzer_1 <= not temp_buzzer_1; -- Toggle buzzer       

            else 

                counter1 <= counter1 + 1;       

            end if; 

        end if; 

    end if; 

    end process;   

process(clk,SW2) 

    begin 

  if SW2= '1' THEN 

        if rising_edge(clk) then 

            if counter2 = COUNT_LIMIT2 - 1 then 

                counter2 <= 0; 

                temp_buzzer_2 <= not temp_buzzer_2; -- Toggle buzzer       

            else 

                counter2 <= counter2 + 1;       

            end if; 

        end if; 

    end if; 
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    end process;    

  process(clk,SW3) 

    begin 

  if SW3= '1' THEN 

        if rising_edge(clk) then 

            if counter3 = COUNT_LIMIT3 - 1 then 

                counter3 <= 0; 

                temp_buzzer_3 <= not temp_buzzer_3; -- Toggle buzzer       

            else 

                counter3 <= counter3 + 1;       

            end if; 

        end if;    

    end if; 

    end process;   

  process(clk,SW4) 

    begin 

  if SW4= '1' THEN 

        if rising_edge(clk) then 

            if counter4 = COUNT_LIMIT4 - 1 then 

                counter4 <= 0; 

                temp_buzzer_4 <= not temp_buzzer_4; -- Toggle buzzer       

            else 

                counter4 <= counter4 + 1;       

            end if; 

        end if; 

    end if; 

    end process;   

  process(clk,SW5) 

    begin 

  if SW5= '1' THEN 

        if rising_edge(clk) then 

            if counter5 = COUNT_LIMIT5 - 1 then 

                counter5 <= 0; 

                temp_buzzer_5 <= not temp_buzzer_5; -- Toggle buzzer       

            else 

                counter5 <= counter5 + 1;       

            end if; 

        end if; 

    end if; 

    end process;   

  process(clk,SW6) 

    begin 

  if SW6= '1' THEN 

          if rising_edge(clk) then 

            if counter6 = COUNT_LIMIT6 - 1 then 

                counter6 <= 0; 

                temp_buzzer_6 <= not temp_buzzer_6; -- Toggle buzzer       

            else 

                counter6 <= counter6 + 1;       

            end if; 

        end if; 

    end if; 

    end process;   

  process(clk,SW7) 

    begin 

  if SW7= '1' THEN 

          if rising_edge(clk) then 

            if counter7 = COUNT_LIMIT7 - 1 then 

                counter7 <= 0; 

                temp_buzzer_7 <= not temp_buzzer_7; -- Toggle buzzer       

            else 

                counter7 <= counter7 + 1;       

            end if; 

        end if; 

    end if; 

    end process;   

  process(clk,SW8) 

    begin 

  if SW8= '1' THEN 

        if rising_edge(clk) then 

            if counter8 = COUNT_LIMIT8 - 1 then 

                counter8 <= 0; 

                temp_buzzer_8 <= not temp_buzzer_8; -- Toggle buzzer       
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            else 

                counter8 <= counter8 + 1;       

            end if; 

        end if;    

    end if; 

    end process;   

  process(clk,SW9) 

    begin 

  if SW9= '1' THEN 

        if rising_edge(clk) then 

            if counter9 = COUNT_LIMIT9 - 1 then 

                counter9 <= 0; 

                temp_buzzer_9 <= not temp_buzzer_9; -- Toggle buzzer       

            else 

                counter9 <= counter9 + 1;       

            end if; 

        end if; 

    end if; 

    end process;   

  process(clk,SW10) 

    begin 

  if SW10= '1' THEN 

        if rising_edge(clk) then 

            if counter10 = COUNT_LIMIT10 - 1 then 

                counter10 <= 0; 

                temp_buzzer_10 <= not temp_buzzer_10; -- Toggle buzzer       

            else 

                counter10 <= counter10 + 1;       

            end if; 

        end if; 

    end if; 

    end process;   

  process(clk,SW11) 

    begin 

  if SW11= '1' THEN 

        if rising_edge(clk) then 

            if counter11 = COUNT_LIMIT11 - 1 then 

                counter11 <= 0; 

                temp_buzzer_11 <= not temp_buzzer_11; -- Toggle buzzer       

            else 

                counter11 <= counter11 + 1;       

            end if; 

        end if; 

    end if; 

    end process;   

  process(clk,SW12) 

    begin 

  if SW12= '1' THEN 

        if rising_edge(clk) then 

            if counter12 = COUNT_LIMIT12 - 1 then 

                counter12 <= 0; 

                temp_buzzer_12 <= not temp_buzzer_12; -- Toggle buzzer       

            else 

                counter12 <= counter12 + 1;       

            end if; 

        end if; 

    end if; 

    end process;   

  process(clk,SW13) 

    begin 

  if SW13= '1' THEN 

        if rising_edge(clk) then 

            if counter13 = COUNT_LIMIT13 - 1 then 

                counter13 <= 0; 

                temp_buzzer_13 <= not temp_buzzer_13; -- Toggle buzzer       

            else 

                counter13 <= counter13 + 1;       

            end if; 

        end if; 

    end if; 

    end process;   

process(clk,SW14) 

    begin 
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  if SW14= '1' THEN 

        if rising_edge(clk) then 

            if counter14 = COUNT_LIMIT14 - 1 then 

                counter14 <= 0; 

                temp_buzzer_14 <= not temp_buzzer_14; -- Toggle buzzer       

            else 

                counter14 <= counter14 + 1;       

            end if; 

        end if; 

    end if; 

    end process;     

  process(clk,SW15) 

    begin 

  if SW15= '1' THEN 

        if rising_edge(clk) then 

            if counter15 = COUNT_LIMIT15 - 1 then 

                counter15 <= 0; 

                temp_buzzer_15 <= not temp_buzzer_15; -- Toggle buzzer       

            else 

                counter15 <= counter15 + 1;       

            end if; 

        end if; 

    end if; 

    end process;   

  process(clk,SW16) 

    begin 

  if SW16= '1' THEN 

        if rising_edge(clk) then 

            if counter16 = COUNT_LIMIT16 - 1 then 

                counter16 <= 0; 

                temp_buzzer_16 <= not temp_buzzer_16; -- Toggle buzzer       

            else 

                counter16 <= counter16 + 1;       

            end if; 

        end if; 

    end if; 

    end process;   

  process(clk,SW17) 

    begin 

  if SW17= '1' THEN 

        if rising_edge(clk) then 

            if counter17 = COUNT_LIMIT17 - 1 then 

                counter17 <= 0; 

                temp_buzzer_17 <= not temp_buzzer_17; -- Toggle buzzer       

            else 

                counter17 <= counter17 + 1;       

            end if; 

        end if; 

    end if; 

    end process;   

  process(clk,SW18) 

    begin 

  if SW18= '1' THEN 

        if rising_edge(clk) then 

            if counter18 = COUNT_LIMIT18 - 1 then 

                counter18 <= 0; 

                temp_buzzer_18 <= not temp_buzzer_18; -- Toggle buzzer       

            else 

                counter18 <= counter18 + 1;       

            end if; 

        end if; 

    end if; 

    end process;   

  process(clk,SW19) 

    begin 

  if SW19= '1' THEN 

        if rising_edge(clk) then 

            if counter19 = COUNT_LIMIT19 - 1 then 

                counter19 <= 0; 

                temp_buzzer_19 <= not temp_buzzer_19; -- Toggle buzzer       

            else 

                counter19 <= counter19 + 1;       

            end if; 
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        end if; 

    end if; 

    end process;   

  process(clk,SW20) 

    begin 

  if SW20= '1' THEN 

        if rising_edge(clk) then 

            if counter20 = COUNT_LIMIT20 - 1 then 

                counter20 <= 0; 

                temp_buzzer_20 <= not temp_buzzer_20; -- Toggle buzzer       

            else 

                counter20 <= counter20 + 1;       

            end if; 

        end if; 

    end if; 

    end process;   

  process(clk,SW21) 

    begin 

  if SW21= '1' THEN 

        if rising_edge(clk) then 

            if counter21 = COUNT_LIMIT21 - 1 then 

                counter21 <= 0; 

                temp_buzzer_21 <= not temp_buzzer_21; -- Toggle buzzer       

            else 

                counter21 <= counter21 + 1;       

            end if; 

        end if; 

    end if; 

    end process;   

  process(clk,SW22) 

    begin 

  if SW22= '1' THEN 

        if rising_edge(clk) then 

            if counter22 = COUNT_LIMIT22 - 1 then 

                counter22 <= 0; 

                temp_buzzer_22 <= not temp_buzzer_22; -- Toggle buzzer       

            else 

                counter22 <= counter22 + 1;       

            end if; 

        end if; 

    end if; 

    end process;   

  process(clk,SW23) 

    begin 

  if SW23= '1' THEN 

        if rising_edge(clk) then 

            if counter23 = COUNT_LIMIT23 - 1 then 

                counter23 <= 0; 

                temp_buzzer_23 <= not temp_buzzer_23; -- Toggle buzzer       

            else 

                counter23 <= counter23 + 1;       

            end if; 

        end if; 

    end if; 

    end process;   

  process(clk,SW24) 

    begin 

  if SW24= '1' THEN 

        if rising_edge(clk) then 

            if counter24 = COUNT_LIMIT24 - 1 then 

                counter24 <= 0; 

                temp_buzzer_24 <= not temp_buzzer_24; -- Toggle buzzer       

            else 

                counter24 <= counter24 + 1;       

            end if; 

        end if; 

    end if; 

    end process;   

  process(clk,SW25) 

    begin 

  if SW25= '1' THEN 

        if rising_edge(clk) then 

            if counter25 = COUNT_LIMIT25 - 1 then 
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                counter25 <= 0; 

                temp_buzzer_25 <= not temp_buzzer_25; -- Toggle buzzer       

            else 

                counter25 <= counter25 + 1;       

            end if; 

        end if; 

    end if; 

    end process;   

  process(clk,SW26) 

    begin 

  if SW26= '1' THEN 

        if rising_edge(clk) then 

            if counter26 = COUNT_LIMIT26 - 1 then 

                counter26 <= 0; 

                temp_buzzer_26 <= not temp_buzzer_26; -- Toggle buzzer       

            else 

                counter26 <= counter26 + 1;       

            end if; 

        end if; 

    end if; 

    end process;   

  process(clk,SW27) 

    begin 

  if SW27= '1' THEN 

        if rising_edge(clk) then 

            if counter27 = COUNT_LIMIT27 - 1 then 

                counter27 <= 0; 

                temp_buzzer_27 <= not temp_buzzer_27; -- Toggle buzzer       

            else 

                counter27 <= counter27 + 1;       

            end if; 

        end if; 

    end if; 

    end process;   

  process(clk,SW28) 

    begin 

  if SW28= '1' THEN 

        if rising_edge(clk) then 

            if counter28 = COUNT_LIMIT28 - 1 then 

                counter28 <= 0; 

                temp_buzzer_28 <= not temp_buzzer_28; -- Toggle buzzer       

            else 

                counter28 <= counter28 + 1;      

            end if; 

        end if; 

    end if; 

    end process;   

  process(clk,SW29) 

    begin 

  if SW29= '1' THEN 

        if rising_edge(clk) then 

            if counter29 = COUNT_LIMIT29 - 1 then 

                counter29 <= 0; 

                temp_buzzer_29 <= not temp_buzzer_29; -- Toggle buzzer       

            else 

                counter29 <= counter29 + 1;       

            end if; 

        end if; 

    end if; 

    end process;   

  process(clk,SW30) 

    begin 

  if SW30= '1' THEN 

        if rising_edge(clk) then 

            if counter30 = COUNT_LIMIT30 - 1 then 

                counter30 <= 0; 

                temp_buzzer_30 <= not temp_buzzer_30; -- Toggle buzzer       

            else 

                counter30 <= counter30 + 1;       

            end if; 

        end if; 

    end if; 

    end process;   

https://iarjset.com
https://iarjset.com/


IARJSET 

International Advanced Research Journal in Science, Engineering and Technology 

Impact Factor 8.066Peer-reviewed & Refereed journalVol. 13, Issue 6, June 2026 

DOI:  10.17148/IARJSET.2026.13607 

© IARJSET                  This work is licensed under a Creative Commons Attribution 4.0 International License                  55 

ISSN (O) 2393-8021, ISSN (P) 2394-1588 

  process(clk,SW31) 

    begin 

  if SW31= '1' THEN 

        if rising_edge(clk) then 

            if counter31 = COUNT_LIMIT31 - 1 then 

                counter31 <= 0; 

                temp_buzzer_31 <= not temp_buzzer_31; -- Toggle buzzer       

            else 

                counter31 <= counter31 + 1;       

            end if; 

        end if; 

    end if; 

    end process;   

  process(clk,SW32) 

    begin 

  if SW32= '1' THEN 

        if rising_edge(clk) then 

            if counter32 = COUNT_LIMIT32 - 1 then 

                counter32 <= 0; 

                temp_buzzer_32 <= not temp_buzzer_32; -- Toggle buzzer       

            else 

                counter32 <= counter32 + 1;       

            end if; 

        end if; 

    end if; 

    end process;   

  process(clk,SW33) 

    begin 

  if SW33= '1' THEN 

        if rising_edge(clk) then 

            if counter33 = COUNT_LIMIT33 - 1 then 

                counter33 <= 0; 

                temp_buzzer_33 <= not temp_buzzer_33; -- Toggle buzzer       

            else 

                counter33 <= counter33 + 1;       

            end if; 

        end if; 

    end if; 

    end process;   

  process(clk,SW34) 

    begin 

  if SW34= '1' THEN 

        if rising_edge(clk) then 

            if counter34 = COUNT_LIMIT34 - 1 then 

                counter34 <= 0; 

                temp_buzzer_34 <= not temp_buzzer_34; -- Toggle buzzer       

            else 

                counter34 <= counter34 + 1;       

            end if; 

        end if; 

    end if; 

    end process;   

  process(clk,SW35) 

    begin 

  if SW35= '1' THEN 

        if rising_edge(clk) then 

            if counter35 = COUNT_LIMIT35 - 1 then 

                counter35 <= 0; 

                temp_buzzer_35 <= not temp_buzzer_35; -- Toggle buzzer       

            else 

                counter35 <= counter35 + 1;       

            end if; 

        end if; 

    end if; 

    end process;   

  process(clk,SW36) 

    begin 

  if SW36= '1' THEN 

        if rising_edge(clk) then 

            if counter36 = COUNT_LIMIT36 - 1 then 

                counter36 <= 0; 

                temp_buzzer_36 <= not temp_buzzer_36; -- Toggle buzzer       

            else 
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                counter36 <= counter36 + 1;       

            end if; 

        end if; 

    end if; 

    end process;   

  process(clk, SW1,SW2,SW3,SW4,SW5,SW6,SW7,SW8,SW9,SW10,SW11,SW12) 

  begin 

  if (SW1='1') then 

  temp_buzzer1 <= temp_buzzer_1; 

  elsif (SW2='1') then 

  temp_buzzer1 <= temp_buzzer_2; 

  elsif (SW3='1') then 

  temp_buzzer1 <= temp_buzzer_3; 

  elsif (SW4='1') then 

  temp_buzzer1 <= temp_buzzer_4; 

  elsif (SW5='1') then 

  temp_buzzer1 <= temp_buzzer_5; 

  elsif (SW6='1') then 

  temp_buzzer1 <= temp_buzzer_6; 

  elsif (SW7='1') then 

  temp_buzzer1 <= temp_buzzer_7; 

  elsif (SW8='1') then 

  temp_buzzer1 <= temp_buzzer_8; 

  elsif (SW9='1') then 

  temp_buzzer1 <= temp_buzzer_9; 

  elsif (SW10='1') then 

  temp_buzzer1 <= temp_buzzer_10; 

  elsif (SW11='1') then 

  temp_buzzer1 <= temp_buzzer_11; 

  elsif (SW12='1') then 

  temp_buzzer1 <= temp_buzzer_12; 

  end if; 

  end process; 

   

prcess(clk,SW13,SW14,SW15,SW16,SW17,SW18,SW19,SW20,SW21,SW22,SW23,SW24,SW25,SW26,SW27,SW28,SW29,SW30,SW31,SW32,S

W33,SW34,SW35,SW36) 

 begin 

   if (SW13='1') then 

  temp_buzzer2 <= temp_buzzer_13; 

  elsif (SW14='1') then 

  temp_buzzer2 <= temp_buzzer_14; 

  elsif (SW15='1') then 

  temp_buzzer2 <= temp_buzzer_15; 

  elsif (SW16='1') then 

  temp_buzzer2 <= temp_buzzer_16; 

  elsif (SW17='1') then 

  temp_buzzer2 <= temp_buzzer_17; 

  elsif (SW18='1') then 

  temp_buzzer2 <= temp_buzzer_18; 

  elsif (SW19='1') then 

  temp_buzzer2 <= temp_buzzer_19; 

  elsif (SW20='1') then 

  temp_buzzer2 <= temp_buzzer_20; 

  elsif (SW21='1') then 

  temp_buzzer2 <= temp_buzzer_21; 

  elsif (SW22='1') then 

  temp_buzzer2 <= temp_buzzer_22; 

  elsif (SW23='1') then 

  temp_buzzer2 <= temp_buzzer_23; 

  elsif (SW24='1') then 

  temp_buzzer2 <= temp_buzzer_24; 

  elsif (SW25='1') then 

  temp_buzzer2 <= temp_buzzer_25; 

  elsif (SW26='1') then 

  temp_buzzer2 <= temp_buzzer_26; 

  elsif (SW27='1') then 

  temp_buzzer2 <= temp_buzzer_27; 

  elsif (SW28='1') then 

  temp_buzzer2 <= temp_buzzer_28; 

  elsif (SW29='1') then 

  temp_buzzer2 <= temp_buzzer_29; 

  elsif (SW30='1') then 

  temp_buzzer2 <= temp_buzzer_30; 
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  elsif (SW31='1') then 

  temp_buzzer2 <= temp_buzzer_31; 

  elsif (SW32='1') then 

  temp_buzzer2 <= temp_buzzer_32; 

  elsif (SW33='1') then 

  temp_buzzer2 <= temp_buzzer_33; 

  elsif (SW34='1') then 

  temp_buzzer2 <= temp_buzzer_34; 

  elsif (SW35='1') then 

  temp_buzzer2 <= temp_buzzer_35; 

  elsif (SW36='1') then 

  temp_buzzer2 <= temp_buzzer_36; 

  end if; 

  end process; 

  buzzer1 <= temp_buzzer1; 

                 buzzer2 <= temp_buzzer2;  

  process(LED1_sig,SW1,SW2,SW3,SW4,SW5,SW6,SW7,SW8,SW9,SW10,SW11,SW12) 

  BEGIN 

  IF (SW1='1' OR SW2='1' OR SW3='1' OR SW4='1' OR SW5='1' OR SW6='1' OR SW7='1' OR SW8='1' OR SW9='1' OR SW10='1' OR 

SW11='1' OR SW12='1') THEN 

  LED1_sig<='1'; 

  ELSE 

  LED1_sig <= '0'; 

  END IF; 

  END PROCESS; 

  LED1 <= LED1_sig; 

 process(LED2_sig,SW13,SW14,SW15,SW16,SW17,SW18,SW19,SW20,SW21,SW22,SW23, 

                SW24,SW25,SW26,SW27,SW28,SW29,SW30,SW31,SW32,SW33,SW34,SW35,SW36) 

  BEGIN  

  IF (SW13='1' OR SW14='1' OR SW15='1' OR SW16='1' OR SW17='1' OR SW18='1' OR SW19='1' OR SW20='1' OR SW21='1' OR 

SW22='1' OR SW23='1' OR SW24='1' OR SW25='1' OR SW26='1' OR SW27='1' OR SW28='1' OR SW29='1' OR SW30='1' OR SW31='1' OR 

SW32='1' OR SW33='1' OR SW34='1' OR SW35='1' OR SW36='1') THEN 

  LED2_sig<='1'; 

  ELSE 

  LED2_sig <= '0'; 

  END IF; 

  END PROCESS; 

  LED2 <= LED2_sig;    

  process(LED1_sig) 

  begin 

  IF LED1_sig= '1' THEN  

HEX4 <= "10001110"; -- display 0 --F 

HEX3 <= "10001000";  -- display 0 -- A 

ELSE 

HEX4 <= "11111111";  -- blank display 

HEX3 <= "11111111";  -- blank display   

END IF; 

end process;       

process(LED2_sig) 

  begin 

  IF LED2_sig= '1' THEN   

HEX2 <= "10010010"; -- display 0 --S 

HEX1 <= "11000000";  -- display 0 -- O 

HEX0 <= "11000111";  -- display 0 -- L 

ELSE 

HEX2 <= "11111111";  -- blank display 

HEX1 <= "11111111";  -- blank display 

HEX0 <= "11111111";  -- blank display   

END IF; 

end process;            

end Behavioral; 
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