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ABSTRACT 

An LED dot matrix consists an array of LED' s which are interconnected such that the positive terminal (anode) 

of each LED in the same column are connected together and the negative terminal (cathode) of each LED in the 

same row are connected together. This display device is used to display information. An 8x8 dot matrix display 

is been presented in this paper which is driven by a microcontroller. To ensure that more information is 

displayed on a small screen, instead of displaying static characters, characters are scrolled with the help of 

ATmega32 microcontroller. 

 

Figure 1: Four dot matrix displays connecter together (displaying HELLO). 

 

I.INTRODUCTION 

Alight-emitting diode (LED) is a semiconductor device that emits light when a desired amount of electric 

current is passed through it. Light is produced when the particles that carry the current (known as electrons and 

holes) combine together within the semiconductor material. In a LED dot matrix display, “dot” refers to the 

circular lenses in front of the LEDs. The matrix used in this project has a Red LED behind each dot in the 8x8 

grid. Figure 2 shows a schematic for a typical 8 x 8 matrix with single colour LEDs. 

An LED dot matrix display can also come with multiple LEDs of varying colours behind each dot in the matrix. 

A configuration with multiple LEDs behind each dot adds another control pin to every column (positive 
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terminal) for each additional colour of LED, while the rows (negative terminals) are still all connected together. 

Therefore an RGB matrix has 32 control pins compared to the 16 pins seen in Figure 2. The desired character or 

graphics can be displayed by switching ON/OFF a desired configuration of LED‟s. Common display 

configurations available are 7×5, 8×8, 7×15, etc. LED dot matrix can be used in simple display applications 

where the resolution is not a big concern. The desired character or graphics can be displayed by switching 

ON/OFF a desired configuration of LED‟s. Common display configurations available are 7×5, 8×8, 7×15, etc. 

LED dot matrix can be used in simple display applications where the resolution is not a big concern. Since all of 

the individual LED‟s in a matrix share their negative and positive terminals in each row and column, it is not 

possible to control each individual LED at the same time.  

 

Figure 2: 8x8 LED matrix schematics 

The matrix is controlled by cycling through each row very quickly while triggering the correct column 

pins to light the desired LED‟s for that particular row. If the switching is done at a quick enough rate, 

there will be no visible flicker and the LED matrix display will appear to have each LED turned on at 

the same time. This works because of the principle known as Persistence of Vision, which is the 

theory that the retina of the human eye retains an image for about a tenth of a second. Thus an LED 

matrix must be very precisely controlled, with the Rows being scanned through sequentially at a rate 

greater than about 40Hz (to be safe) while sending out the column data at the exact same rate. This 

kind of control is most easily accomplished with the aid of a microcontroller, plus some additional 

components. LED dot matrices are very popular means of displaying information as it allows both 
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static and animated text and images. Perhaps, you have encountered them at gas stations displaying 

the gas prices, or in the public places and alongside highways, displaying advertisements on large dot 

matrix panels. 

 

Figure 3: LED dot matrix of different sizes 

The microcontroller that we used to accomplish this task is ATmega32, which is a member of AVR 

microcontroller family. The Atmel AVR ATmega32 is a low-power CMOS 8-bit microcontroller based 

on the AVR enhanced RISC architecture. By executing powerful instructions in a single clock cycle, 

the ATmega32 achieve throughputs approaching 1 MIPS per MHz allowing the system designed to 

optimize power consumption versus processing speed. In order to maximize performance and 

parallelism, the AVR uses Harvard architecture – with separate memories and buses for program and 

data. Instructions in the program memory are executed with a single level pipelining. While one 

instruction is being executed, the next instruction is pre-fetched from the program memory. This 

concept enables instructions to be executed in every clock cycle. The program memory is In-System  

Reprogrammable Flash memory 

.  

Figure 3: ATmega32 IC 

For the software simulation purpose, the Proteus simulator is used. Proteus is a Virtual System 
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Modeling and circuit simulation application. The suite combines mixed mode SPICE circuit 

simulation, animated components and microprocessor models to facilitate co-simulation of complete 

microcontroller based designs. Proteus also has the ability to simulate the interaction between 

software running on a microcontroller and any analog or digital electronics connected to it. It 

simulates Input / Output ports, interrupts, timers, USARTs and all other peripherals present on each 

supported processor. In Proteus simulator, there are various virtual components available including 

dot matrices, microcontrollers, power supply, wires, etc. 

The tool that we used to write the embedded C program is, ATMEL STUDIO 6. Atmel Studio 6 is the 

integrated development platform (IDP) for developing and debugging Atmel SMART ARM-based and 

Atmel AVR microcontroller (MCU) applications. Studio 6 supports all AVR and Atmel SMART 

MCUs. The Atmel Studio IDP gives you a seamless and easy-to-use environment to write, build and 

debug your applications written in C/C++ or assembly code. It also connects seamlessly to Atmel 

debuggers and development kits. The C program is compiled in ATMEL STUDIO and once there‟s no 

error in the program, it is loaded into the virtual microcontroller in proteus and the simulation can be 

started and result is thus determined. 

 

II.EXPERIMENTAL SECTION 

Materials & Methods 

Measurements and Data analysis 

 Materials and Methods 

The requirements include ATMEGA32, Power supply (5v), an 8x8 LED matrix, AVR ISP 

Programmer, ATMEL STUDIO. 

The method to display characters on a LED dot matrix is described below. Now talking about 

displaying images that we can light any LED we choose it's time to move on to displaying a (small) 

image. To do this we will use a scan pattern. Here, we define a bitmap image (an array of 8 bytes, 

each bit representing one LED). Next we scan through this array one byte at a time, displaying one 

column then the next. If we do this fast enough (about 1000 times a second) it appears as an image. 

Any individual LED or a group of LEDs in the matrix can be activated by switching the required 

number of rows and columns. For example, in the following figure 4, if Row1 is made high and 

Column1 is made low, the top left LED (address R1C1) will glow. As a demonstration, let‟s see how 

we can display letter “A” using the display. The tables given below shows the logic levels at each pin 
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for displaying A.The figure below shows which LEDs are to be turned on to display the English 

alphabet „A‟. The 7 rows and 5 columns are controlled through the microcontroller pins. Now, let‟s 

see in detail how it works. Suppose, we want to display the alphabet A. We will first select the column 

C1 (which means C1 is pulled low in this case), and deselect other columns by blocking their ground 

paths (one way of doing that is by pulling C2 through C5 pins to logic high). Now, the first column is 

active, and you need to turn on the LEDs in the rows R2 through R7 of this column, which can be 

done by applying forward bias voltages to these rows. Next, select the column C2 (and deselect all 

other columns), and apply forward bias to R1 and R5, and so on. Therefore, by scanning across the 

column quickly (> 100 times per second), and turning on the respective LEDs in each row of that 

column, the persistence of vision comes in to play, and we perceive the display as still. The table 

below, gives the logic levels to be applied to R1 through R7 for each of the columns in order to 

display the alphabet „A‟. 

 

Figure 4 (a): A standard 5x7 LED dot matrix display structure 

The table below gives the logic levels to be applied to R1 through R7 for each of the columns in order to display 

the alphabet „A‟. 



 

 

189 | P a g e  

 

 

Figure 4 (b): Row values of each column for displaying the alphabet A 

 

Figure 4 (c): Scanning across the columns and feeding the appropriate row values 

 

There are 7 rows and 5 columns and across each row, one pin is sourcing the current for only one 

LED at a time, but from above, we can see that, a column pin may have to sink the currents from 
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more than one LED. For example, the column C1 should be able to sink the currents from 6 LEDs 

while displaying the alphabet „A‟.  

 

 

 

As we know that microcontroller faces a limitation i.e. a microcontroller‟s I/O pin cannot sink this much of 

current, therefore, we need to use internal transistor arrays. Therefore, to solve this problem, we are using 

ULN2003A IC, which consists of seven built-in Darlington transistor arrays (as shown below in the diagram). 

As shown below, the inputs of ULN2003A are in an active high state. This means that the input pins must be 

supplied with a logic high, in order to bring the corresponding output pins to the ground state. The schematic of 

the Darlington transistor array inside the ULN2003A chip is shown below. 
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Figure 5: ULN2003A driver IC 

The purpose of ULN2003A here is to drive the column lines of the display.  

ULN2003A is a high voltage (50V), high current (500mA per channel) darlington transistor array. 

Each IC has 7 channels with individual output clamp diodes. ULN2003A an active high device, which 

means a logic high must be applied to the input to make the corresponding output high. The input pins 

are designated as 1B, 2B, 3B, 4B, 5B, 6B, 7B while corresponding output pins are designated as 1C, 

2C, 3C, 4C, 5C, 6C, 7C. The pin configuration and simplified internal logic of ULN2003A is shown 

in the figure below. 
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To program the LED dot matrix, we have used AVR (ATmega32) microcontroller. AVR microcontrollers are 

quite versatile and have various features compared to other well known microcontrollers. AVR family is having 

inbuilt EEPROM, ADC, specific function pins, More ROM and RAM,RISC architecture, while 8051 doesn't 

have a inbuilt EEPROM, require external ADC IC, doesn't have specific functions such as AVR, less RAM and 

ROM compared to AVR,CISC architecture. Also, it uses modified Harvard architecture. 

Here are certain reasons, why we preferred AVR Studio over other platforms:  

ATMEL AVR studio is a free IDE developed by ATMEL Corporation (Now Microchip) for their AVR and ARM 

series of microcontrollers like ATmega32. 

It supports only ATMEL manufactured Microcontrollers. 

It also has support for open source debugging and programming tools like USBtinyISP. 

It is widely used by both amateurs and industry professionals. 

We used Proteus Design Suite, which is a proprietary software tool suite used primarily for electronic design 

automation. The software is used mainly by electronic design engineers and electronic technicians to create 

electronic schematics and electronic prints for manufacturing printed circuit boards. Proteus is a Virtual System 

Modelling and circuit simulation application. The suite combines mixed mode SPICE circuit simulation, 

animated components and microprocessor models to facilitate co-simulation of complete microcontroller based 

designs.Proteus also has the ability to simulate the interaction between software running on a microcontroller 

and any analog or digital electronics connected to it. It simulates Input / Output ports, interrupts, timers, 

USARTs andall other peripherals present on each supported processor. 

 Measurements and Data analysis 

Snapshots of Proteus Simulation: 
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Snapshot of Hardware Simulation: 
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III.CONCLUSION 

In the paper, it is evident that both software simulation and hardware simulation of the project of displaying 

characters on a LED dot matrix using ATMEGA32 microcontroller has been accomplished successfully. 
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