18.MIKROISLEMCIi TEMELLI SISTEM UYGULAMALARI

Mikroislemci temelli sistemler egitim, guvenlik, ticari, endustriyel, askeri, saglik, vs. alanlardaki
uygulamalarda yaygin olarak kullaniimaktadir. Bunun sonucunda uygulamaya yoénelik olarak
mikroiglemci temelli sistemlerin donanim ve yazihiminin tasarlanmasi ve gergeklestiriimesi cesitli
alanlardaki muhendislik ¢alismalarinda énemli bir yer tutmaktadir. Endustriyel uygulamalar, kendisi
de mikroislemci temelli bir sistem olan kisisel bilgisayarlar ile gergeklestirilebilmektedir.

18.1. Giris Uygulamalari

Mikroiglemci temelli bir sisteme digaridan bilgi girisi yapmanin en basit yontemi yapilan ise uygun bir
anahtar kullanmaktir. Sekil 18-1’de tek kutup cift yollu (Single Pole Double Trough, SPDT) bir anahtar
kullanilarak tasarlanmis girig devresi ve blok diyagrami verilmistir. Burada anahtar 6nce normalde
kapal (Normally Close, NC) kontaktadir. Bu durumda +5V’a bagli olan diren¢ Uzerinden ¢inlama
onleyici devreye lojik “1” seviyesinde gerilim giris olarak uygulanir. Sonra bu anahtar kapatiimasiyla
normalde acgik (Normally Open, NO) kontak durumuna geger.




18.1.Giris Uygulamalari
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Sekil 18-1 Bir anahtar ile olusturulmus fiziksel giris devresi
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Sekil 18-2 Bir bas birak anahtar ile olusturulmus fiziksel giris devresi
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18.2. Cikis Uygulamalari

Mikroislemci temelli bir sistemden disariya bilgi ¢ikisi yapmanin en basit yontemi yapilan ise uygun
bir gosterge kullanmaktir. Bu gostergeler gerceklestirilen 6l¢im, denetlenen sure¢ hakkinda sayisal
degerleri gosteren genellikle ekonomik ve uzun 6murlu olmasi nedeniyle 11k yayan diyot (LED) veya
sivi kristal yapida olabilir.

CPU'dan R VoV
:—_—:>. 6F’8li1 ! Slriicii

(a) LED'in pozitif lojik ile calistiriimasi

R
CPU'dan 22 %
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(b) LED'in negatif lojik ile calistirlimasi

Sekil 18-3 LED kullanarak yapilan ¢ikis uygulamalari
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Surucu ¢ikisindaki akimi sinirlamak igin LED’e seri R direnci kullanilir. Bu direncin hesabi igin Sekil
18-4 ve Sekil 18-5'de verilen esdeger devreler kullanilabilir.

I EpON 20-10~

74HCTO04 | VLEDON=1.6V/
\VOH =3.6 V | ILEDON =20mA ==

_______________________

Sekil 18-4 LED’in pozitif lojik ile galigtiriimasi i¢in esdeger devre

Tablo 18-1 Degisik renkteki LED’lerin DC 6zellikleri
LED VLEDON | ILEDON

Dusuk Akimh Kirmizi | 1.8V | 2mA
Standart Kirmizi 1.6V |20 mA

Parlak Kirmizi 2.2V |20 mA
Standart Sari 22V | 10mA
Standart Yesil 2.3V |10 mA
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Sekil 18-5'de verilen devrede LED’in negatif lojik ile surilmesi durumunda bir esdeger devre
verilmigtir.

______________________ Vcc=+5V
1sUriict devre !

L U1A R1 | X

'3 2 150Q |

| ' LED

74HCT04 ' VLEDON=1.6V
VoL=0.4V 1 [LEDoN =20mA

_______________________

Sekil 18-5 LED’in negatif lojik ile galistirimasi igin esdeger devre

w12 Vee Vo = Vigpon _ 5—0.4—13.6 1500
I EpON 20-10
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Sekil 18-6 7-parga LED gosterge parga tanimlari
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18.2.Cikis Uygulamalari
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Sekil 18-7 7-parga LED gdsterge icin Ortak Katot ve Ortak Anot baglanti sekli
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Sekil 18-8 Paralel G/C tumlesik devresi ile 7-par¢a LED gosterge parca baglantisi
Tablo 18-2 7-parca gosterge igin veri donusum tablosu

Ortak Anot Ortak Katot
Sayi| gfedcba | hex gfedcba | hex
0 1000000 | 400111111 3F
1 1111001 | 79]0000110] 06
2 0100100 |29,/1011011|5B
3 0110000 |30]1001111]4F
4 0011001 |19/1100110| 66
5 0010011 | 131101100 6C
6 0000011 |031111100)|7C
7 1111000 | 78]0000111] 07
8 0000000 |00 1111111 ]|7F
9 0011000 |18 1100111 |67

Tuncay UZUN Sayfa 9/31 02.06.2025



18.2.Cikis Uygulamalari

& &
L
H

& &

= THD
HE )
CHTHCH
H__HTHC
[ _HT
J J J

Sekil 18-9 7-parga LED gostergede sayilarin sekil ve tanimlari
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18.3. Zamanlama Uygulamalari

Mikroiglemci temelli sistemlerin dogadaki olaylarin degisim hizindan ¢ok daha hizli caligmasi
nedeniyle, girig/cikis biriminin giris isaretlerini algilamasi ve Urettigi ¢ikis isaretleri gok hizli degisir. Bu
nedenle mikroislemci yaziliminda gecikme programlari kullanilarak isaretlerin algilama ve Uretim
hizlar1 yavaslatilir.

Ornek 18-1 Yazilim ile 1,5ms ve 10ms gecikme saglayan altprogramlar, 4MHz osilatdr hizinda
calisan mikroigslemcisinin dilinde tasarlanacaktir. Programi bir ¢evirici kaynak dosyasi
biciminde olacak sekilde gerekli olan butiin tanimlamalari ve her satirindaki komutun
aciklamasini yaparak yaziniz.

Digandaki Birimlere

Pretettd

Q, Q Q O, G 0, O, Q
Sayisal Cikis Birimi

Mikroislemci i i

Temelli Veri Yolu 5
Sistem

Sekil 18-10 Mikroislemci yazilimi kullanilarak zamanlama isaretlerinin dretilmesi
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Ornek 18-2 Asagida verilen iki darbe diyagramini, paralel ¢ikis birimi kullanarak olusturan bir
zamanlama yazilimi 32,768kHz osilator hizinda ¢alisan mikroislemcisi dilinde tasarlanacaktir.
Programi bir gevirici kaynak dosyasi biciminde olacak sekilde ve her satirindaki komutun
aciklamasini yaparak yaziniz

Q7
1
I 1 ]
1 1 I
) I ]
I I I
1 I I
[ | I
I ] I
Q6___ | | :
- i | —
:“ 5sn i r— 2 sn —& r
) 1
| | | :4—-:
{ ' 1sn ! { 1sn |
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18.4. Tus Takimi Tarama Uygulamasi

Mikroislemci temelli sistem bir denetim islevini yerine getiriyorsa, denetlenen blyukligin ayarlanmasi
icin gerekli degerlerin giriginin yapilmasi ve girilen degerlerin, degisen cikis buyuklugunin kullanici
tarafindan gorulmesi icin bir gosterge birimine ¢ikis yapilmasi gerekir. Tus takimi olarak ise kolay
bulunan ve telefon cihazlarinda kullanildigi igcin ekonomik olan tus takimi kullanilir. Bu tus
takimlarinda tuglarin baglantisi matris seklinde yapildigi i¢in matrisin boyutlari verilerek matris tipi tus
takimi seklinde adlandirilir. Sekil 18-11‘de bodyle bir 3x4 matris tipi tus takiminin baglantisi

gOsterilmigtir.

Tuncay UZUN
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Sekil 18-11 Matris tipi tus takimi baglanti diyagrami
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Eder higbir tusa basilmamigsa, sutunlar R direnci ile VCC’ye bagli oldugu i¢cin PA4-PA6 uglarindan

lojik “1” okunur.
vce T vce T

g g

R R R
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o o 3 o i | o o-¢
PA0=0 & & & > PA0=0 |— & ® >
4 | 2 | & 4 | 2| &
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Sekil 18-12 Paralel Giris/Cikis tumlesik devresine matris tipi tug takimi baglanmasi.
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Sekil 18-13 Matris tipi tus takiminda basilan tusun algilanmasi.
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18.5. Cok Basamakli Gosterge Uygulamalari

™
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Sekil 18-14 Cok sayida ortak anot gostergenin bir PIA ile strdlmesi
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1.basamagin ortak r PBO
ucundaki isaret
2.basamagin ortak

ucundaki isaret PB1
3.basamag|ln ortak PB2
ucundaki isaret

4 basamagin ortak

ucundaki isaret —l | PB3
Gostergenin parca
uclarindaki isaret

PAQ-PAT7

1.basamak | 3.basamak| 1.basamak
bilgisi bilgisi
2.basamak 4.basamak
bilgisi bilgisi

Sekil 18-15 Cok basamakli 7-parga gdstergelerin dinamik tarama ile strtlmesi
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Sekil 18-16 Bir 4 basamakli 7-parca gdstergenin dinamik tarama ile surulmesi
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Ornek 18-3 Dinamik gdsterge tarama islemiyle calisan bir program ile 4 basamakli ortak katotlu 7-
parca LED gostergeye sayisal cikis islemi gergeklestirilecektir. Bunun igin bir ¢ikis birimi sistemini
tasarlayiniz ve blok diyagramini ¢iziniz.

Cozum:
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Sekil 18-18 Cok sayida ortak katot gostergenin bir PIA ile suriimesi
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Summary of Interrupts Structure on Arduino UNO

Interrupt Pins on Arduino UNO

The Arduino UNO supports external interrupts on the
following pins:

- Digital Pin 2 - Interrupt 0

- Digital Pin 3 » Interrupt 1

These pins are connected to the INTO and INT1 interrupt
vectors of the ATmega328P.

Features of Interrupts on Arduino UNO

- Asynchronous: Interrupts can occur at any time,
independent of the main program flow.

- Fast Response: The processor immediately jumps to the ISR
when an interrupt occurs.

- Efficient: Useful for handling time-critical tasks like
reading sensors or responding to button presses.
Types of Interrupts in ATmega328P (Arduino UNQO)

There are two main categories of interrupts:

1. External Interrupts

- Triggered by a change on external pins (INTO, INT1).
- Can be configured to trigger on:

LOW level

Any logical change

Rising edge

Falling edge

2. Internal Interrupts

Triggered by internal events such as:

- Timer Overflows (Timer®, Timerl, Timer2)

- Timer Compare Match

- ADC Conversion Complete

- USART Receive/Transmit

- SPI Transfer Complete

- EEPROM Ready

- Watchdog Timeout

- Pin Change Interrupts (on almost all digital pins)




Example 1.

const byte ledPin = 13;
const byte interruptPin = 2;

volatile byte state = LOW;

void setup() {
pinMode(ledPin, OUTPUT);
pinMode(interruptPin, INPUT_PULLUP);
attachInterrupt(digitalPinToInterrupt(interruptPin), blink,
CHANGE) ;

}

void blink() {
state = !state;

}

void loop() {
digitalWrite(ledPin, state);

}
Explanation of the program in Example 1:

1. The interrupt handler. Notice the code
"attachinterrupt(digitalPinTolnterrupt(interruptPin), blink, CHANGE);". This
code defines that the interrupt will come from the Arduino External Interrupt
(INTO, pin 2) and defines the function "blink()" that will handle the interrupts. It
also defines that the interrupt trigger type is "CHANGE".

2. The variable "state" is declared as ‘|volatile| as it is used inside the interrupt
hander ("blink™) and the rest of the sketch. Volatile variables are loaded from the
RAM, always, instead of the CPU register. Registers contains temporary variable
values which may loose consistency when are accessed by interrupt request
handlers.

3. Any code in the regular part of the sketch that must not be interrupted (i.e.
critical codel') is enclosed between the "nolnterrupts();" and "interrupts();"
functions. This way, we ensure that variables must be updated reliably, contain
reliable values.

1. Kesme igleyicisi. " attachiInterrupt(digitalPinTolnterrupt(interruptPin), blink,
CHANGE);" koduna dikkat edin! Bu kod, kesmenin Arduino Harici Kesme'den
(INTO, pin 2) gelecegini ve kesmeleri isleyecek olan "blink()" fonksiyonunu
tanimlar. Ayrica kesme uyarim seklinin "CHANGE" oldugunu da tanimlar.


https://www.arduino.cc/en/pmwiki.php?n=Reference/Volatile
https://en.wikipedia.org/wiki/Critical_section

2. "state" degiskeni, kesme igleyicisi "blink()" ve programin geri kalaninda
kullanildidi igin "volatile" olarak bildirilir. Gegici degiskenler her zaman CPU
yazmaci yerine RAM'den yuklenir. Yazmaclar, kesme isteqi isleyicileri tarafindan
erisildiginde tutarlihgini kaybedebilecek (icerigi degisebilecek) gecici degisken
degerleri icerir.

3. Programin normal kisminda kesmeye ugramamasi gereken herhangi bir kod
(yani "kritik kod") "nolnterrupts();" ve "interrupts();" islevleri arasina alinir. Bu
sekilde, degiskenlerin guvenilir sekilde guncellenmesini ve guvenilir degerler
icermesini saglariz.

Example 2.

#include <TimerOne.h>

const int led = LED_BUILTIN;

void setup(void)

{
pinMode(led, OUTPUT);

Timerl.initialize(150000);
Timerl.attachInterrupt(blinkLED);

Serial.begin(9600);

int ledState = LOW;
volatile unsigned long blinkCount = 0;

void blinkLED(void)
{
if (ledState == LOW) {
ledState = HIGH;

blinkCount = blinkCount + 1;
} else {
ledState = LOW;

¥
digitalWrite(led, ledState);



void loop(void)

{

}

unsigned long blinkCopy;

noInterrupts();
blinkCopy = blinkCount;
interrupts();

Serial.print("blinkCount = ");
Serial.println(blinkCopy); delay(100);

Explanation of the program in Example 2:

1.

The interrupt handler. Notice the code "Timerl.attachinterrupt(blinkLED);"
This code defines that the interrupt will come from the Arduino Internal Interrupt
(Timerl) and defines the function "blinkLED" that will handle the interrupts.

The variable "blinkCount" is declared as ‘[volatile| as it is used inside the
interrupt hander ("blinkLED") and the rest of the sketch. Volatile variables are
loaded from the RAM, always, instead of the CPU register. Registers contains
temporary variable values which may loose consistency when are accessed by
interrupt request handlers.

Any code in the regular part of the sketch that must not be interrupted (i.e.
critical codel) is enclosed between the "nolnterrupts();" and "interrupts();"
functions. This way, we ensure that variables must be updated reliably, contain
reliable values.

Kesme igleyicisi. "Timerl.attachinterrupt(blinkLED);" koduna dikkat edin! Bu
kod, Arduino'nun dahili kesmelerinden (Timerl) gelen kesmeleri isleyecek olan
"blinkLED" fonksiyonunu tanimlar.

"blinkCount" degigkeni, kesme isleyicisi ("blinkLED") ve programin geri kalaninda
kullanildigi igin "volatile" olarak bildirilir. Gegici degiskenler her zaman CPU
yazmacl yerine RAM'den yuklenir. Yazmaglar, kesme istegi isleyicileri tarafindan
erisildiginde tutarlihgini kaybedebilecek (icerigi dedisebilecek) gecici degisken
degerleri icerir.

Programin normal kisminda kesmeye ugramamasi gereken herhangi bir kod
(yani "kritik kod") "nolnterrupts();" ve "interrupts();" islevleri arasina alinir. Bu
sekilde, degiskenlerin guvenilir sekilde guncellenmesini ve guvenilir degerler
icermesini saglariz.


https://www.arduino.cc/en/pmwiki.php?n=Reference/Volatile
https://en.wikipedia.org/wiki/Critical_section

74HC595 4-Digit 7-Segment Display Library for Arduino -
DlYables_4Digit7Segment_74HC595

This library is designed for Arduino, ESP32, ESP8266... to control the 74HC595 4-Digit 7-Segment
Display LED module, which has 4 dots.

ce
. = ArduinoGet .com

Product Link

74HC595 4-Digit 7-Segment Display Module

Features

« High-Level: Displaying Integer with the zero-padding option, supporting the negative
number

o High-Level: Displaying Float with the decimal place, zero-padding options, supporting the
negative number

o Low-Level: Displaying numeric characters digit-by-digit
e Low-Level: Displaying non-numeric characters digit-by-digit, including:
o - (dash)
o _ (underscore)
o °(degree)
O C
o E
o F
o Low-Level: Displaying dot (decimal place) digit-by-digit



Available Functions

o DlYables_4Digit7Segment_74HC595(int sclk, int rclk, int dio);

e void printInt(int number, bool zero_padding);

« void printFloat(float number, int decimal_place, bool zero_padding);
e void clear();

o void setDot(int pos);

o void setNumber(int pos, int value);

e void setChar(int pos, SegChars value);

« void show();

e void loop();

Available Examples

« Displaylnteger
o DisplayFloat
e DisplayTemperature

References

e DlYables 4Digit7Segment 74HC595 Library Reference

Tutorials

e Arduino - 74HC595 4-Digit 7-Segment Display
e ESP32 - 74HC595 4-Digit 7-Segment Display
o ESP8266 - 74HC595 4-Digit 7-Segment Display
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Arduino Multi-Function Shield Seven-Segment Display
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Arduino is a versatile computing platform to work on microcontrollers and embedded systems. It
can be used to write programs and run on microcontrollers. These boards comes with on board
LED which can be as a hello word Arduino program. To extend the functionality and to interface
with external physical world we need do lot of writing with bread board and jumper wires. Multi-
function shield is the one comes with rich set of digital input output options to try different input-
output devices with Arduino. This comes with the following features.

1. It has four LEDs connected to 10, 11, 12 and 13 pins of Arduino

2. Four digit seven segment display connect through two 74HC595 serial in- parallel out shift

registers

3. A piezo-buzzer connect to pin 3, using transistor driver circuit.

4. It also has trim pot(10K) connected to Analog-input pin AO.

5. Three buttons connected
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Multi-function shield with labels



In this blog we use 7-segment display to display C2P. The schematic diagram of four digit 7-
segment display connected through 74HC595 is shown in the below pic.
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Segment display connections on Multi-Function shield

As shown in the schematic, four digit LED 7-segment display is connected to Arduino using two
74HC595 serial to parallel shift registers in cascade connection. In this way of connection clock and
latch pins of shift register is shared same 10 pins from Arduino. Pin 7 for CLK and pin 4 for LATCH.
SDO of first Shift register (74HC595) is connected to SDI for cascaded one. Pin 8 of Arduino is
connected to SDI (Serial Data In) of first shift register.

One of the shift register is connected to select pins to select the digit and other is connected to a-
g pins of segments. To display characters on 7-segment first we have to select which digit we want
to use and send the hex data of character to be displayed.



Seven Segment display (7-segment display) fundamentals:
Seven segment displays consists of seven LEDs arranged to form rectangular shape digits and
alphabets. Each module also consists of eighth LED which is a dot (.).

a

m -~ ® o0 T

Dp

Pin-out of Seven Segment display
Seven segment displays can be of two type’'s common cathode or common anode. In common
cathode module to glow individual LED pin should be made logic HIGH or logic 1. In common
anode individual LEDs should be supplied with logic LOW or logic zero. The seven-segment
modules used on Arduino multi-function shield is Common Anode (CA) modules.

Truth table for Seven Segment display:

a

b
c

d
e
f

g
DP

To display a particular character or digit on each segment we have to send appropriate data to
segments. Lets discuss about displaying digit 2. To display digit 2, LEDs a,b,d,e,g should glow. As
the segment used is common anode logic LOW zero should be supplied to these segments, and
all other ¢,f and dp LEDs should be given logic HIGH [1]. The truth table for displaying zero

(0) and “C2P" on seven segment display is shown below.

Display Digit/Letter | DP | g | f |e|d|c|b|a| Hex Byte
Digit-0 1 {1]0]0/0]0|0|0]0xCO
Letter-C 1 |[1(0{0[0]1]|1|0]|0xCé6
Digit 2 1 {0]1]0/0]|4|0|0|0xA4
Letter-P 1 {0(0{O0(1][1]0|0]|O0x8C
OFF L (11 {1{1]1]|1]|1]OxFF




Arduino Program-1:

LATCH_PIN 4
CLK_ PIN 7
DATA_PIN 8
SendDataToSegment(byte Segment_no, byte hexValue);
byte C_HEX = 0xC6;
byte TWO_HEX = OxA4;
byte P_HEX = 0Ox8C;

byte select_segl = OxF1 ;
byte select seg2 = OxF2 ;
byte select_seg3 = OxF4 ;

byte select_seg4 = OxF8 ;
byte SEGMENT_SELECT[] = {©xF1,0xF2,0xF4,0xF8};

setup ()
pinMode (LATCH_PIN,OUTPUT);

pinMode (CLK_PIN,OUTPUT);
pinMode (DATA_PIN,OUTPUT);

Loop()

SendDataToSegment(select segl , C _HEX);
SendDataToSegment(select_seg2 , TWO_HEX);
SendDataToSegment(select_seg3 , P_HEX);

SendDataToSegment(byte Segment no, byte hexValue)

digitalWrite(LATCH_PIN,LOW);
shiftOut(DATA_PIN, CLK_PIN, MSBFIRST, hexValue);
shiftOut (DATA_PIN, CLK_PIN, MSBFIRST, Segment no );

digitalWrite(LATCH_PIN,HIGH);

}

Arduino Program-2:
LATCH_PIN 4
CLK_PIN 7
DATA_PIN 8

SendDataToSegment(byte Segment no, byte hexValue);
byte C_HEX = 0OxC6;
byte TWO _HEX = OxA4;
byte P_HEX = 0x8C;
byte SEG_OFF = OxFF;

ledl = 13;
led2 = 12;
led3 = 11;



led4 = 10;
buzzer_pin = 3;
byte select_segl = OxF1l ;
byte select_seg2 = OxF2 ;
byte select_seg3 = OxF4 ;
byte select seg4 = OxF8 ;
BUTTON1 Al
BUTTON2 A2
BUTTON3 A3
byte SEGMENT_SELECT[] = {@xF1,0xF2,0xF4,0xF8};

setup ()

Serial.begin(9600);
pinMode (LATCH_PIN,OUTPUT);
pinMode (CLK_PIN,OUTPUT);
pinMode (DATA PIN,OUTPUT);
pinMode(buzzer_pin, OUTPUT);
pinMode(ledl, OUTPUT);
pinMode(led2, OUTPUT);
pinMode(led3, OUTPUT);
pinMode(led4, OUTPUT);
LedSOFF();

loop()

(!digitalRead(BUTTON1))
{
LedBlink();
LedSOFF();

}
(!digitalRead(BUTTON2))

SendDataToSegment(select_segl , C_HEX);
delay(500);

SendDataToSegment(select_seg2 , TWO_HEX);
delay(500);

SendDataToSegment(select_seg3 , P_HEX);
delay(500);

}
(!digitalRead(BUTTON3))

{
analogWrite(buzzer_pin,9);
delay(1000);
}
analogWrite(buzzer_pin,255);
SendDataToSegment(select segl , SEG_OFF);
SendDataToSegment(select seg2 , SEG OFF);
SendDataToSegment(select_seg3 , SEG_OFF);

LedBlink()



{
digitalWrite(ledl, HIGH);

digitalWrite(ledl, LOW);
delay(500);
digitalWrite(ledl, HIGH);
digitalWrite(led2, HIGH);
delay(500);
digitalWrite(led2, LOW);
delay(500);
digitalWrite(led2, HIGH);
digitalWrite(led3, HIGH);
delay(500);
digitalWrite(led3, LOW);
delay(500);
digitalWrite(led3, HIGH);
digitalWrite(led4, HIGH);
delay(500);
digitalWrite(led4, LOW);
delay(500);
digitalWrite(led4, HIGH);
delay(500);

}
LedSOFF ()

{

digitalWrite(ledl, HIGH);
digitalWrite(led2, HIGH);
digitalWrite(led3, HIGH);
digitalWrite(led4, HIGH);

}
SendDataToSegment(byte Segment no, byte hexValue)

digitalWrite(LATCH_PIN,LOW);
shiftOut(DATA_PIN, CLK_PIN, MSBFIRST, hexValue);
shiftOut(DATA_PIN, CLK_PIN, MSBFIRST, Segment_no );

digitalWrite(LATCH_PIN,HIGH);
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Interfacing TM1637 4 Digit Seven Segment Display Module with Arduino

Published September 19, 2022 Debashis Das Author

If you are thinking about building your next project around a 4-digit seven-segment display, you need at least
12 connecting pins to drive all the segments properly, that is most of the pins for a microcontroller like
Arduino. The workaround for this problem comes in the form of an IC, and as the title of the project suggests
it's called TM1673 LED Drive Control. So for this project, we will be using a ready-to-use TM 1637 Based 4
Bits Red Digital Tube LED Display Module and will be testing its every feature and also in the end we will
give you a working video of the model. In our previous article, we used seven segment displays to

build Clock, counter, stopwatch timer, and more. You can check out those, if you are interested.

TM1637 IC Basic Features

TM1637 is a kind of LED (light-emitting diode display) drive controller special circuit with a keyboard scan
interface. It is internally integrated with MCU digital interface, data latch, and LED high-pressure drive. Other
than that, this IC also has the capability to control the brightness of the display, which means the display can
be dimmable if it's required for the project. This device comes in a DIP and SOIC package and can be used
for many different applications like display drives of induction cookers, microwave ovens, and small

household electrical appliances.

Other than the banner feature, the TM 1637 has some interesting features that can make the coding process a
lot easier. You can serial upload the display data in the IC, and the IC takes care of refreshing the display,
reducing the overhead from the microcontroller. Now if you take a close look at the display module, it features
a ‘colon’ that can be used for timer-based projects. The operating voltage for this module is 3.3V to 5V and
for the communication process, it uses a two-wire bus rather than the 12C bus so if you are writing a library
for this device you need to take note of that. For more information on the IC, you can check the TM 1637 7-

Segment display driver datasheet IC.

TM1637 Seven Segment Display Module Pinout

The pinout of the TM1637 4-digit Seven Segment Display is shown below. It has 4 pins those are CLK, DIO,
VCC, and GND. All the pins of this sensor module are digital, except VCC and Ground, and the device can

operate in the 3.3V to 5V voltage range. The Pinout of seven segment display module is shown below:



' CLK

= DIO 3.3V/5V
i VCC Operation Voltage
W GND

VCC

000

4-Digit Display V1.2 B GND

TM1637 Module a

is a clock input pin. Connect to any digital pin on Arduino Uno.

is the Serial Data I/O pin. Connect to any digital pin on Arduino Uno.

pin supplies power to the module. Connect it to the 3.3V to 5V power supply.
is a ground pin.

TM1637 Seven Segment Display Module Parts

&k

E‘ CIRCUIT

The TM1637 module is a low-power, low-cost display module that can be used for many different

applications. The parts marking of the TM1637 4-Digit 7-Segment Display Module is shown below.

Pull Up

Resistor
100pf A colon for
Interference time-based
Reduction projects

Capacitor

TM1637 Serial
LED Driver

Filter Capacitor 4 Digit 7-Segment Display



The TM1637 module consists of two parts; the first is a 4-digit 7-segment display and the second one is the
TM1637 7-Segment Display Driver IC. The IC supports many functionalities including on-off and brightness
control. This IC also has a data queue which means that you can send all the data packets to the IC and the IC

will display all the information sequentially, giving headroom to your microcontroller for other tasks.

Commonly Asked Questions
Q. What is TM1637 IC?

TM1637 is a kind of LED (light-emitting diode display) drive control special circuit with a keyboard scan
interface and it's internally integrated with MCU digital interface, data latch, LED high-pressure drive, and

keyboard scan.

0. Is TM1637 an 12C?

No, the TM 1637 does not use 12C, it uses a digital interface so any digital pin of a microcontroller can drive

this display without any issues.

Q. How many types of 7-segment displays are there and what is the TM1637 Module Use?

There are two types of LED 7-segment displays: common cathode (CC) and common anode (CA). The
difference between the two displays is that the common cathode has all the cathodes of the 7-segments
connected directly together and the common anode has all the anodes of the 7-segments connected together.

The TM1637 module uses a common cathode display.

TM1637 4-Digit 7-Segment Display Module Circuit Diagram

The circuit diagram of the 4-digit 7-segment display is very simple and needs a couple of components to
work properly. The main component of the module is the TM 1637 IC and the display module. Other than that,
we need 4 capacitors and two resistors and that's all for the components required to build the circuit. The

complete schematic diagram of the TM 1637 Module is shown below.
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Arduino and TM1637 4-Digit 7-Segment Display Circuit Diagram

Now that we have completely understood how a TM1637 seven-segment display driver IC works, we can
connect all the required wires to Arduino Uno and write the code to get all the data out from the sensor. The

Circuit Diagram of the TM 1637 module with Arduino is shown below-

~ 0w > mmnu
b {

DIGITAL (PWM=~)
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0N
Arduino” .

4 Digit Pisplay

ANALOG IN .
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Connecting the TM1637 seven-segment display module with the Arduino is very simple. To communicate
with the module we just need to connect the power lines to the 3.3V or 5V pin of the Arduino Uno and we are

connecting the data line to the digital pin 3 and digital pin 4 of the Arduino Uno.



Code for Interfacing TM1637 4-Digit 7-Segment Display Module with

Arduino

The code to process the display data to the TM 1637 display is very simple and easy to understand. We just
need to define the pins through which the 7-segment display module is connected to the Arduino and other
things will be handled by the Arduino TMS1637 Library. For demonstration purposes, we will be using the
example code of the library.

So we start our code by including all the required libraries and we define the CLK and DIO pin. We'll also
define the delay between every test.

<Arduino.h>
<TM1637Display.h>

CLK 3
DIO 4

TEST_DELAY 2000

Then we define an array, in this arry the word dOnE is stored.

SEG_DONE[] = {
SEG B | SEG_C | SEG D | SEG_E | SEG G,
SEG A | SEG B | SEG C | SEG D | SEG E | SEG_F,
SEG_C | SEG_E | SEG G,
SEG_A | SEG D | SEG E | SEG_F | SEG_ G
s

Next, we initialize an object name display and pass the CLK and DIO pins in that instance.

TM1637Display display(CLK, DIO);

Next, we have our setup() function. In the setup() function, we don't need to assign anything because all the
major operations happen in the loop section.

void setup() {

// Intialize the object

myDisplay.begin();

// Set the brightness of the display (©-15)

myDisplay.setIntensity(2);

// Clear the display

myDisplay.displayClear();
}
Next, we have the void loop() function. In the loop() function, the code is written as such that it will go
through a set of sequences and display a lot of characters sequentially. We start off our loop() function by
defining a variable that will be used for the loop counter later in the code. Next, we have two arrays. The
first data array is to light up all the segments and the dots and the second blank array will be used to turn off
the display. And the setBrightness() function will be used to set the brightness of the display.

ks
data[] = { oxff, oxff, oxff, oxff };
blank[] = { 90x00, 0x00, 0x00, 0x00 };
display.setBrightness(0x0f);



Next, we turn on all the segments and add a predefined delay.

display.setSegments(data);
delay(TEST_DELAY)

Now the next portion of the code is there to display the 0 1 2 3 digits on the seven-segment display.

data[@] = display.encodeDigit(9);
data[1] = display.encodeDigit(1);
data[2] = display.encodeDigit(2);
data[3] = display.encodeDigit(3);

display.setSegments(data);
delay(TEST_DELAY);

The next portion of the code prints No 23 on the display.

display.clear();
display.setSegments(data+2, 2, 2);
delay(TEST_DELAY);
display.clear();
display.setSegments(data+2, 2, 1);
delay(TEST_DELAY);
display.clear();
display.setSegments(data+l, 3, 1);
delay(TEST_DELAY);

The next portion of the code displays numbers without leading zeros.

display.showNumberDec(@, false);
delay(TEST_DELAY);
display.showNumberDec (0, true);
delay(TEST_DELAY);
display.showNumberDec(1, false);
delay(TEST_DELAY);
display.showNumberDec(1, true);
delay(TEST_DELAY);
display.showNumberDec (301, false);
delay(TEST_DELAY);
display.showNumberDec (301, true);
delay(TEST_DELAY);
display.clear();
display.showNumberDec (14, false, 2, 1);
delay(TEST_DELAY);
display.clear();
display.showNumberDec(4, true, 2, 2);
delay(TEST_DELAY);
display.showNumberDec(-1, false);
delay(TEST_DELAY);
display.showNumberDec(-12);
delay(TEST_DELAY);
display.showNumberDec(-999);
delay(TEST_DELAY);
display.clear();
display.showNumberDec(-5, false, 3, 0);



delay(TEST_DELAY);
display.showNumberHexEx(@xflaf);
delay(TEST_DELAY);
display.showNumberHexEx(0x2c);
delay(TEST_DELAY);
display.showNumberHexEx(0xd1l, @, true);
delay(TEST_DELAY);

display.clear();
display.showNumberHexEx(@xdl, @, true, 2);
delay(TEST_DELAY);

The next portion of the code controls the brightness of the display. If you are looking for how you can
control the brightness of the TM 1637 display you can refer to this portion of the code.

(k = 0; k < 4; k++)
data[k] = oxff;
(k = 0; k < 7; k++) {
display.setBrightness(k);
display.setSegments(data);

delay(TEST_DELAY);
}

The next portion of the code does the ON/OFF test.

(k = 0; k < 4; k++) {
display.setBrightness(7, false);
display.setSegments(data);
delay(TEST_DELAY);
display.setBrightness(7, true);
display.setSegments(data);
delay(TEST_DELAY);

}
Finally, we print the dOnE message that we have defined at the start of the code. If you see the done
message in the display, you will know that it has gone through the full loop.



