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The DEBUG, a Software Development Program for the PC 

 

In this section you will study how to load the DEBUG program from DOS, how to use it to examine or 

modify the contents of the MPU's internal registers, and how to return back to DOS from DEBUG. Using 

DEBUG, the programmer can issue commands to the microcomputer in the PC.  

 

How to load the DEBUG program from DOS. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Prompt (-) is then displayed.  
All we need to do is type in the command and then press the enter () key. These debug commands are the tools 
a programmer needs to enter, execute, and debug programs. At the completion of the operation, results are 
displayed on the screen and the DEBUG prompt () is redisplayed. The PC waits in this state for a new entry.  
 
Table 1 gives the summery for each DEBUG command, its function, and its general syntax. The details of each of 

the commands will follow 
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Table 1 

 
Command Syntax Function 

Register R [REGISTER NAME] Examine or modify the contents of an internal register 

Quit Q End use of the DEBUG program 

Dump D [ADDRESS] Dump the contents of memory to the display 

Enter E ADDRESS [LIST] Examine or modify the contents of memory 

Fill 
F STARTING ADDRESS ENDING ADDRESS 

LIST 
Fill a block in memory with the data in list 

Move 
M STARTING ADDRESS ENDING ADDRESS 

DESTINATION ADDRESS 

Move a block of data from a source location in 

 memory to a destination location 

Compare 
C STARTING ADDRESS ENDING ADDRESS 

DESTINATION ADDRESS 

Compare two blocks of data in memory and display the 

locations that contain different data 

Search 
S STARTING ADDRESS ENDING ADDRESS 

LIST 

Search through a block of data in memory and display all 

locations that match the data in list 

Hex 

Add/Subtract 
H NUMI,NUM2 

Generate hexadecimal sum and difference of the two 

numbers 

Unassemble 
U [STARTING ADDRESS [ENDING 

ADDRESS]] 

Unassemble the machine code into its equivalent assembler 

instructions 

Name N FILE NAME Assign the filename to the data to be written to the disk 

Write W [STARTING ADDRESS] Save the contents of memory in a file 

Load L [STARTING ADDRESS] Load memory with the contents of a file 

Assemble A [STARTING ADDRESS] 
Assemble the instruction into machine code and store in 

memory 

Trace T [=ADDRESS] [NUMBER] Trace the execution of the specified number of instructions 

Go 
G (=STARTING ADDRESS [BREAKPOINT 

ADDRESS ]] 

Execute the instructions down through the breakpoint 

address 

 

With the loading of DEBUG, the state of the microprocessor is initialized. The initial state depends on the DOS 

version and system configuration at the time the DEBUG command is issued. We can use the register command 

to verify this initial state. 

 

Register command: 
Syntax for the REGISTER (R) command  

R [REGISTER NAME] 

This command allows us to examine or modify the contents of internal registers of the MPU. R is the command 

letter and Register name is optional.  

 

 An example of the command entry needed to examine or modify the value in register AX is                                                             

         R AX () 

which causes the current value in AX to be displayed as 

         AX 0000 

         :_ 

If AX contains 000016. We can now either depress () to complete the command, leaving the register contents 

unchanged, or enter a new value for AX following the colon and then depress (). To load a new value of  

00AA16, we type 00AA16 and then depress()  

:00AA     () 

 

 To examine the contents of the registers, we just type R and then depress() 

R   () 
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Figure 1 

The last line displays the machine code and assembly language statement of the instruction pointed to by the 

current values in CS and IP (CS:IP). With –R command you can notice the following: 

 MOV AX, BX is considered the next instruction to be executed, if you use TRACE command this 

instruction will be executed and the content of BX will be copied to AX. 

 0ADE:0100 if the segment:offset address where the instruction is held. You can use it to calculate the 

physical address where this instruction is held. 

 89D8 is the machine code of this instruction. 

 

 To modify the flags use the command  

          R F () 
which displays the flag settings as  

NV UP EI PL NZ NA PO NC 

to set the carry and parity flags,  

NV UP EI PL NZ NA PO NCCY PE () 

Flags combinations (NV-OV, UP-DN, EI-DI, PL-NG, NZ-ZR, NA-AC, PO-PE, NC-CY) 
 
 The Register command is very important for debugging programs. For instance, it can be used to check the 

contents of a register or flag prior to and again just after execution of an instruction. In this way, we can tell 

whether or not the instruction correctly performed the required operation. It displays an error message when 

the command that was entered is identified as being invalid. 
       Suppose we had entered the uppercase letter O instead of zeros when we wanted to load AX with 00AA, it          
displays an error message, and the symbol ^ is used to mark the starting location of the error in the command. 

R AX () 

AX 0000 

:00AA 

  ^ Error 

 

 Examining and modifying the contents of Memory 

The value at an address in memory can be examined just before and, just after the execution of an instruction that 

affects this memory location. Thus, we can verify if the instruction performs the operation correctly. This type of 

command also can he used to load a program into the microcomputer's memory.  

The complete command set of DEBUG was shown in Table 1. Six of these commands, Dump, Enter, Fill, Move, 

Compare, and Search, are provided for use in examining or modifying the contents of storage locations in 

memory. In this section, we discuss each in detail. 

 

Dump command: 
The DUMP (D) command allows us to examine the contents of a memory location or a block of consecutive 

memory locations.  

Syntax: 

D [ADDRESS] 
 If a segment register is not specified, the value of ADDRESS entered is automatically referenced to the 

current value in the data segment (DS) register. Dump can also be issued without ADDRESS, like 
 D   () 
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Execution of this form of the command causes the 128 consecutive bytes starting at offset 010016 from the 
current value in DS to be displayed. If DS is initialized with 123416 when DEBUG is started, issuing this 
command gives the memory dump. 
 

Figure 2 

 

1234016 + 010016 = 1244016h 

 The address of the first location in the first line is denoted as 1234:0100. This corresponds to the physical 

address. For all memory dumps, an ASCII version of the memory data is also displayed. It is displayed to the 

right of the hexadecimal data. 

We can even enter the current value of DS as  

D 1111:0100() 

Figure 3 

 

 Another way of entering dump command using the value of DS instead of its own value with offset is 

    D DS:100 () 

 

 The same can be written as  

    D 100 () 

 

If we repeat the command D after the above command execution shown in figure 3, the contents of the next 128 

consecutive bytes of memory are dumped to the display. 

 

Figure 4 

 

 

 To just examine the just a few bytes or a specific-sized block we enter two addresses. The first address 

defines the starting point of the block and the second address identifies the end of the block. For instance, if 
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we want to examine the two bytes of data that are at offsets equal to 20016 and 20116 in the current data 

segment, the command is (you can use other registers instead of DS, such as SS, CS, ES) 

D DS:200 201 () 

 

Figure 5 shows the output 

 
Figure 5 

  D 00:00 FF () will display the content of the interrupt vector table. This table contain the segment:offset 

of  the interrupt service routines (ISRs) for a well known interrupts such as Divide Error Interrupt. For 

example the address of Divide Error Interrupt is saved in (00:00 – 00:03), where (00:00-00:01) have the 

offset part, and (00:02-00:03) have the value of the segment part: 

 

 

 

 

 

 

 

 

 

Interrupt vector table (IVT) 

The address of the ISR of the Divide Error Interrupt is (00A7:1068), the physical address is equal to 

00A70+1068=1AD8H. 
 

Enter Command: 
To enter information into the memory, we use the load command.  

Syntax 

     E ADDRESS [LIST] 

The DS register is assumed if no segment is included with the offset. 

 To write a command that loads five consecutive byte wide memory locations starting at address DS: 100 with 

the value AA16 we use the command as follows: 

E DS:100 AA AA AA AA AA () 

 

We use the following command and verify using the Dump command as shown in figure 6. 

Figure 6 

 

 If we issue the command with an address but no data, the contents of the addressed storage location are 

displayed. For instance, the command 

 
E DS:100 () 
causes the value at this address to be displayed as follows: 

1234:0100 AA._ 

.  

.  

00:05  

00:04  

00:03 00 

00:02 A7 

00:01 10 

00:00 68 
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The value at address 1234:0100 is AAH 

 

Now there are several possibilities: 

If the return key is depressed now, the command is terminated without changing the value of the displayed 

memory location and the debug prompt appears.  

If a space bar is depressed, then it causes the contents of the next consecutive memory address to be displayed. 

A third type of entry that could be made is to enter a new value of data and then depress the space bar or return 

key. 

 

 The enter command can also be used to enter ASCII data. This is done by simply enclosing the data entered 

in quotation marks. Either a single- or double-quote marks can be used. For example 

E DS:200 "ASCII" () 

This command causes the ASCII data for letters A, S, C, I, and I to be stored in memory at addresses DS:200, 

DS:201, DS:202, DS:203, and DS:204, respectively. 

 

Fill Command: 
This command is used to fill a block of consecutive memory locations all with the same data. Syntax:  

F STARTING ADDRESS ENDING ADDRESS LIST 

Here the starting address and ending address specify the block of storage locations in memory. They are followed 

by a list of data. Execution of the following command 

F 100 11F 22 () 
causes the 32 byte locations in the range 1234:100 through 1342:11 F to be loaded with 2216. 

 

Move command: 
The MOVE (M) command allows us to copy a block of data from one part of memory to another part. Using this 

command, a 32-byte block of data that resides in memory from address DS:100 to DS:11F can be copied to the 

address range DS:200 through DS:21F with a single operation. 

Syntax: 

M    STARTING ADDRESS    ENDING ADDRESS    DESTINATION ADDRESS 

 

It is initiated by depressing the M key and then entering three addresses. The first two addresses are the starting 

address and ending address of the source block of data, that is, the block of data that is to be copied. The third 

address is the destination starting address, that is, the starting address of the section of memory to which the 

block of data is to be copied. 

For example, the command which copies a 32-byte block of data located at address DS: 100 through DS: 

11F to the block of memory starting at address DS:200, is 

    M 100 11F 200() 
 

Compare command: 
We sometimes need to compare the contents of two blocks of data to determine if they are or are not the same. 

This operation can be done with the COMPARE (C) command of the DEBUG program. Syntax: 

C STARTING ADDRESS ENDING ADDRESS DESTINATION ADDRESS 

For example, to compare a block of data located from address DS: 100 through DS: I 1F to an equal-size block of 

data starting at address DS: 160, we issue the command 

C 100 11F 160() 

The contents of corresponding address locations in each block to be compared to each other. That is, the contents 

of address DS: 100 are compared to those at address DS:160, the contents at address DS:101 are compared to 

those at address DS:161, and so on. Each time unequal elements are found, the address and contents of that byte 

in both blocks are displayed. 
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Search command: 
The SEARCH (S) command can be used to scan through a block of data in memory to determine whether or not it 

contains specific data. Syntax: 

S   STARTING ADDRESS   ENDING ADDRESS   LIST 

Here the contents of each storage location in the block of memory between the starting address and the ending 

address are compared to the data in list. When the match is found, the address for each memory location is 

displayed. 

For example lets perform a search of the block of data from address DS:100 through DS:17F to determine which 

memory locations contain 3316. 

The search command that must be issued is 

S 100 17F 33 () 
The output shows all addresses in the range 1234:100 through 1234:17F that contain this value of data. 

 

Hexadecimal Addition And Subtraction 
 

The DEBUG program also provides the ability to add and subtract hexadecimal numbers. Both operations are 

performed with a single command known as the hexadecimal (H) command. Syntax  

H NUM1 NUM2 

When executed, both the sum and difference of NUM1 and NUM2 are formed. These results are displayed as 

follows NUM1 + NUM2  NUM I - NUM2 

Both numbers and the results are limited to four hexadecimal digits. 

An example of' a use of the H command is the calculation of' the physical address of an instruction or data in 

memory. For instance, if the current value in the code segment register is OABC16 and that in the instruction 

pointer is OFFF16, the physical address is found with the command 

 

H ABC0 0FFF ()  

BBBF 9BC1 
 

the sum of' these two hexadecimal numbers is BBBF16 and their difference is 9BC1,6. The sum BBBF16 is the 

value of the physical address CS:IP. The negative of a hexadecimal number can be found by subtracting it from 0. 

 

 

Assembling Instructions with the Assemble Command 
 

The DEBUG program has a command that lets us automatically assemble the instructions of a program, one after 

the other, and store them in memory. It is called the Assemble and Unassemble commands, and they are used to 

encode the assembly instructions into machine codes. 

 ASSEMBLE (A) command. 
Syntax:     A STARTING ADDRESS 

Here STARTING ADDRESS is the address at which the machine code of the first instruction of the program is to 

be stored.  

Say if we need to assemble the instruction 

ADD [BX+SI+1234H], AX  

and store its machine code in memory starting at address CS: 100, we start with the command 

A CS:100 () 

The response to this command input is the display of the starting address in the form 

1234:0100_ 

After typing the instruction to be assembled in following this address, the tile () key is depressed, and the 

instruction is assembled into machine code; it is stored in memory; and the starting address of the next instruction 

is displayed. For our example, we have 
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1234:0100 ADD [BX + SI+1234], AX ()  

1234:0104_ 

Now either the next instruction is entered or the () key is depressed to terminate the assemble command. 

We can view the machine code that was produced for the instruction by issuing a DUMP command. Notice that 

the address displayed as the starting point of the next instruction is 1234:0104. Therefore, the machine code for 

the ADD instruction took up 4 bytes of memory, CS: 100, CS: 101, CS: 102, and CS: 103. The command 

needed to display this machine code is 

D CS: 100 103() 

 

Unassemble command: 
By unassemble we mean the process of converting machine code instructions to their equivalent assembly 

language source statements. The U command lets us specify a range in memory, and execution of the command 

causes the source statements for the memory data in this range to be displayed on the screen. Syntax  
U STARTING ADDRESS ENDING ADDRESS 
We can use this command to verify that the machine code entered for an instruction is correct. To do this for our 

earlier example, we use the command 

U CS:100 103 () 

This command results in the display of the starting address for the instruction followed by both the machine code 

and assembly forms of the instruction. This gives 

1234:0100 01803412 ADD [BX + SI+1234], AX 

The value 01803412 is the machine code of the instruction ADD [BX + SI+1234], AX. 

 

 

Loading, Verifying, And Saving Machine Language Programs 
 

 

NAME (N), WRITE (W), and LOAD (L) commands 
 

 These commands give the ability to save data stored in memory on a drive and to reload memory from a 

drive, respectively. Syntax: 

N FILE NAME 

W [STARTING ADDRESS]  

L [STARTING ADDRESS] 
 
 We now look at how a program can be saved using a file name. 

By using the NAME (N) command along with the write command, a program can be saved on the drive under a 

file name. Syntax: 

N FILE NAME 

Where FILE NAME has the form 

NAME.EXT 

Here the name of the file can be up to eight characters. On the other hand, the extension (EXT) is from zero to 

three characters. Neither EXE nor COM is valid extension. As part of the process of using the file name 

command, the BX and CX registers must be updated to identify the size of the program that is to be saved in the 

file. The size of the program in bytes is given as (BX CX) = number of bytes 

Together CX and BX specify an 8-digit hexadecimal number that identifies the number of bytes in the file.  

After the name command has been issued and the CX and BX registers have been initialized, the write command 

is used to save the program on a drive. The write command form is 

    W [STARTING ADDRESS] 
 

 

 To reload the program into memory, we begin by naming the file and then simply issue a load command with 

the address at which it is to start. To do this the command sequence is 
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    N FILE NAME 

    L [STARTING ADDRESS] 

 

1- To save the machine program used in the previous example in a file called abc.1 on a diskette in drive D. 

First, the name command N D:abc.1 () is entered. The program is stored in memory from address CS: 100 

to CS: 117. This gives a program size of 18H bytes. Therefore, CX and BX are initialized as   

     -N D:abc.1 

     -R CX 

       :18  () 

    -R BX () 

       :0   () 
Now the program is saved on the diskette with the command 

    -W CS:100 () 

2-  

3- To reload the program into memory, we simply perform the command sequence 

    N D:abc.1 () 

    L CS:400 () 

 

The program can be loaded starting at another address by just specifying that address in the Load command. 

 

4- Programs that are in an executable file can be directly loaded when the DEBUG program is brought up. For 

our example, the program command is 

   C:\DOS>DEBUG D:abc.exe () 

 

Execution of this command loads the program at address CS:100 and then displays the DEBUG prompt. After 

loading, other DEBUG commands can be used to run the program. 

 

Executable files can also be run directly in the DOS environment. This is done by entering the file name 

following the DOS prompt and then depressing the return key. Therefore, making the following entry runs 

program abc.exe 

   C:\DOS>D:abc.exe () 

 

==> Let us look into how a complete program can be assembled, saved on D drive in file INST.1, and then 

reload to memory again. We issue the commands 

To save the instructions we can just assemble at address CS: 500 by the command A. 

  -A CS:500 () 

1234:0500 ADD [BX + SI+1234], AX ()  

1234:0504 MOV DX,AX 

1234:0506 () 

-() 

To verify 

 -U CS:500 505 ()    

1234:0500  01803412   ADD [BX + SI+1234], AX 

1234:0504  89C2   MOV DX,AX 

- 

 

To name and write  

-N D:INST.1 () 

-R C X  () 

:6       () 
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-R BX       () 

:0       () 

-W CS:500  () 

Writing 00006 bytes 

- 

  

The Load command can be used to reload a file of data stored on a drive anywhere in memory. As an example, 

let us load the instruction that we just saved on a diskette with a W command at a new address (CS:650). This is 

done with the L command 

          - N D:INST.1 ()        - L CS:650 () 

 

 

The reloading of the instruction can be verified by issuing the U command. 

 

Executing Instructions and Programs with the Trace and Go Commands 
 

The DEBUG program allows us to execute the entire program with one GO (G) command or to execute the 

program in several segments of instructions by using breakpoints in the Go command. Moreover, by using the 

TRACE (T) command, the program can be stepped through by executing one or more instructions at a time. 

 

Trace provides the programmer with the ability to execute one instruction at a time. Also known as single-

stepping the program; it is very useful during early phases of program debugging. This is because the contents of 

registers or memory can be viewed both before and after the execution of each instruction to determine whether 

or not the correct operation was performed.  

 

TRACE command 
Syntax:  

   T =STARTING ADDRESS NUMBER 
The starting address is the address of the instruction at which execution is to begin. It is followed by a number 

that tells how many instructions are to be executed. The use of the equal sign before the starting address is very 

important. If it is left out, the microcomputer usually hangs up and will have to be restarted with a power on reset. 

If an instruction count is not specified in the command, just one instruction is executed.  

For instance, the command 

 T =CS:100 ()  

 causes the instruction starting at address CS: 100 to be executed. At the end of the instruction's execution, the 

complete state of the MPU's internal registers is automatically displayed. At this point, other DEBUG commands 

can be issued. 

 This Trace command can also be issued as 

T () 

In this case the instruction pointed to by the current values of CS and IP (CS:IP) is executed. This is the form of 

the Trace command that is used to execute the next instruction.  

 If we want to step through several instructions, the Trace command must include the number of 

instructions to be executed. This number is included after the address. For example, to trace through three 

instructions, the command is issued as 

T =CS:100 3 () 

The internal state of the MPU is displayed after each instruction is executed. 

GO command 
The Go command is typically used to run programs that are already working or to execute programs in the latter 

stages of debugging. The Go command can be used to execute beginning part of a program which is already 

operating and then stop execution at a point in the program where additional debugging is to begin. 
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Syntax: 

G =STARTING ADDRESS  LAST ADDRESS 

The first address is the starting address of the segment of the program that is to be executed, that is, the address of 

the instruction at which execution is to begin. The second address, the breakpoint address, is the address of the 

end of the program segment, that is, the address of the instruction at which execution is to stop. The breakpoint 

address that is specified must correspond to the first byte of an instruction. A list of up to 10 breakpoint addresses 

can be supplied with the command. 

 

 An example of the Go command : to execute the first 5 instructions of the following code 

 
G =CS:200 20B() 

 

This command loads the IP register with 0200H, sets a breakpoint at address CS:20B, and then begins program 

execution at address CS:200. The instruction execution proceeds until address CS:20B is accessed. When the 

breakpoint address is reached, program execution is terminated, the complete internal status of the MPU is 

displayed, and control is returned to DEBUG. 

 

 

Quit command  
Syntax:   Q () 

It returns to DOS environment  

 

 

Debugging A Program 

 

Until now, we did not determine if the program when run performed the operation for which it was written. It is 

common to have errors in a program and even a single error can render the program useless. For instance, if the 

address to which a "jump" instruction passes control is wrong, the program may get hung up. Errors in a program 

are also referred to as hugs; the process of removing them is called debugging. 

There are two types of errors that can be made by a programmer: the syntax error and the execution error. A 

syntax error is an error caused by not following the rules for coding or entering an instruction. These types of 

errors are typically identified by the microcomputer and signaled to the user with an error message. For this 

reason, they are usually easy to find and correct. For example, if a Dump command was keyed in as 

 
   D DS:100 120 () 
 
an error condition exists. This is because the space between the starting and ending address is left out. This 

incorrect entry is signaled by the warning "Error" in the display; the spot where the error begins, in this case, the 1 

in 120, is marked with the symbol "^" to identify the position of the error. 

An execution error is an error in the logic behind the development of the program. That is, the program is 

correctly coded and entered, but it still does not perform the operation for which it was written. This type of error 

can be identified by entering the program into the microcomputer and observing its operation. Even when an 

execution error has been identified, it is usually not easy to find the exact cause of the problem. 

Our ability to debug execution errors in a program is aided by the commands of the DEBUG program. For 

instance, the Trace command allows us to step through the program by executing just one instruction at a time. 

We can use the display of the internal register state produced by Trace and the memory dump command to 

determine the state of the MPU and memory prior to execution of an instruction and again after its execution. 

This information will tell us whether the instruction has performed the operation planned for it. If an error is 

found, its cause can be identified and corrected. 
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Software interrupts 

 Part 1: BIOS Interrupts 

Interrupt types 0-1FH are known as BIOS interrupts. This is because most of these service routines are BIOS 

routines residing in the ROM segment F000h. BIOS are used to control text and graphics on the PC’s display 

screen. 

 

 1.1: Introduction to Display Programming 

One of the most interesting and useful applications of assembly language are in controlling the monitor display. 

 

 Display Modes 

We commonly see both text and picture images displayed on the monitor. The computer has different 

techniques and memory requirements for displaying text and picture graphics. So the adapters have two display 

modes: text and graphics. In the text mode, the screen is divided into columns and rows, typically 80 columns 

by 25 rows, and the character is displayed at each screen position. In graphics mode, the screen is divided into 

columns and rows, and each screen position is called a pixel. A picture can be displayed by specifying the color 

of each pixel on the screen. 

 

 Kinds of video adapters 

The video adapters for the IBM PC differ in resolution and the number of colors that can be displayed. IBM 

introduced two adapters with the original PC, the MDA (Monochrome Display Adapter) and CGA (Color 

Graphics Adapter). The MDA can only display text and was intended for business software, which at that time 

did not use graphics. The CGA can display in color both text and graphics, but it has lower resolution. In text 

mode, each character cell is only 8×8 dots. In 1984 IBM introduced EGA (Enhanced Graphics Adapter), which 

has good resolution and color graphics. The character cell is 8×14 dots. In 1988 IBM introduced the PS/2 

models which are equipped with the VGA (Video Graphics Array) and MCGA (Multi-color Graphics Array) 

adapters. These adapters have better resolution and can display more colors in graphics mode than EGA. The 

character cell is 8×19 dots.  

 

 Mode Numbers  

Depending on the type of adapter present, a program can select text or graphics modes. Each mode is identified 

by a mode number; table 1 lists the text modes for the different kinds of adapters and table 2 lists the graphics 

modes for the different kinds of adapters. 

 

 Text Mode 

The screen is divided into columns and rows, typically 80 columns by 25 rows, and the character is displayed at 

each screen position 

Table1: Video adapter text modes 

Mode Number  Description Adapters 

0 40×25 16-color text (color burst off) CGA,EGA,MCGA,VGA 

1 40×25 16-color text CGA,EGA,MCGA,VGA 

2 80×25 16-color text (color burst off) CGA,EGA,MCGA,VGA 

3 80×25 16-color text CGA,EGA,MCGA,VGA 

7 80×25 Monochrome text MDA,EGA,VGA 

 

 Graphics Modes 

In graphics mode operation, the screen display is divided into columns and rows; and each screen position, 

given by a column number and row number, is called a pixel (picture element), the number of columns and 

rows gives the resolution of the graphics mode. The columns are numbered from left to right starting with 0, 
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and rows are numbered from top to bottom starting with 0, depending on mapping of rows and columns into the 

scan lines and dot positions.  

Table 2: Video adapter graphics display modes 

Mode Number (Hex) CGA Graphics 

4 320×200 4  color 

5 320×200 4  color (color burst off) 

6 640×200 2  color 

 EGA Graphics 

D 320×200 16  color 

E 640×200 16  color 

F 640×350 Monochrome 

10 640×350 16  color 

 VGA Graphics 

11 640×480 2  color 

12 640×480 16  color 

13 320×200 256  color 

Note: the screen mode is normally set to text mode; hence the first operation to begin graphics display is to set 

the display mode using function 0, INT 10h. 

 

 The Attribute Byte 

In a display page, the high byte of the word that specifies a display character is called the attribute byte. It 

describes the color and intensity of the character, the background color, and whether the character is blinking 

and/or underlined.  

The attribute byte for 16 – color text display (modes 0 – 3) has the format shown below. A 1 in a bit position 

selects an attribute characteristic. Bits 0 – 2 specify the color of the character (foreground color) and bits 4 – 6 

give the color background at the character's position. Bit 3 specifies the intensity of the character and bit 7 

specifies whether the character is blinking or not. 

 

 

 

 

For monochrome display, the possible colors are white and black. For white, the RGB bits are all 1; for black, 

they are all 0. Normal video is a white character on a black background; the attribute byte is 0000 0111 = 7h. 

Reverse video is a black character on a white background, so the attribute is 0111 0000 = 70h.  

 

 1.2: INT 10h 

A video functions is selected by putting a function number in the AH register. 

 

Function 0: 

Select Display Mode (for text and graphics mode) 

Input:       AH = 0 

                 AL = mode number ( see table 1 and 2) 

Function 1: 

Change Cursor Size 

Input:      AH = 1 

                CH = Starting scan line  

                CL = ending scan line 

 

In text mode, the cursor is displayed as a small dot array at a screen position (in graphics mode, there is 

no cursor). For the MDA and EGA, the dot array has 14 rows (0 – 13) and for the CGA, there are 8 rows 

(0 – 7). Normally only rows 6 and 7 are lit for the CGA cursor, and rows 11 and 12 for the MDA and 

Bit 7 6 5 4 3 2 1 0 

Attribute Blinking 
Background color 

Intensity 
Foreground color 

Red Green Blue Red Green Blue 
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EGA cursor. To change the cursor size, put the starting and ending numbers of the rows to be lit in CH 

and CL, respectively. 

Function 2: 

Move Cursor 

Input:      AH = 2 

                DH = new cursor row (0 – 24) 

                DL = new cursor column. 0 – 79 for 80×25 display, 0 – 39 for 40×25 display. 

                BH = Page number(choose page 0) 

Function 3: 

Get Cursor Position and Size 
Input:        AH = 3 

                  BH = page number 

Output:      DH = cursor row 

                  DL = cursor column 

                  CH = cursor starting scan line 

                  CL = cursor ending scan line 

Function 6: 

Scroll the Screen or a Window UP 
Input:            AH = 6 

                      AL = number of lines to scroll (Al = 0 means scroll the whole screen or window) 

                      BH = attribute for blank lines 

                      CH,CL = row, column for upper left corner of window (see table 3) 

                      DH,DL = row, column for lower right corner of window (see table 3) 

Function 8: 

Read Character at the Cursor 

Input:             AH= 8 

                       BH = page number (choose page 0) 

Output:           AH = attribute of character  

                       AL = ASCII code of character    

Table 3: some 80×25 screen positions 

Position 
Decimal Hex 

Column Row Column Row 

Upper left corner 0 0 0 0 

Lower left corner 0 24 0 18 

Upper right corner  79 0 4F 0 

Lower right corner 79 24 4F 18 

Center of the screen 39 12 27 C 

 

Function 9: 

Display Character at the Cursor with Any Attribute 

Input:            AH = 9 

                      BH = page number(choose page 0) 

                      AL = ASCII code of character  

                      CX = number of times to write character 

                      BL = attribute of character 

Function Ah: 

Display Character at the Cursor with Current Attribute 

Input:            AH = 0Ah 

                      BH = page number (choose page 0) 

                      AL = ASCII code of character  

                      CX = number of times to write character 
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Function Eh: 

Display Character and Advance Cursor (graphics mode only, chose mode from table 2) 

Input:           AH = 0Eh 

                     AL = ASCII code of character 

                     BH = page number  (choose page 0) 

                     BL = foreground color  

Function Fh: 

Get Video Mode 

Input:            AH = 0Fh               

Output:          AH = number of screen columns  

                      AL = display mode (see table 1) 

                      BH = active display page       

 

Due to the limited size of the display memory in order to allow different four-color combinations, the CGA in 

medium resolution mode uses two palettes (see table 4); a palette is a set of colors that can be displayed at the 

same time. Each palette contains three fixed colors plus a background color that can be chosen from any of the 

standard 16 colors shown in table 5. To choose one of the three fixed colors use only function 0BH, sub-

function 1 to choose one of the two groups of colors (palette 0 or 1), with function 0CH to write one of the three 

pixel values( 1 or 2 or 3) from table 4. Now to choose the background color with one of the 16 choices from 

table 5 use function 0BH, sub-function 0, and choose the needed color from table 5. 

 

Table 4: CGA Mode, Four color palettes 

Palette Pixel Value Color 

0 

0 Background 

1 Green 

2 Red 

3 Brown 

1 

0 Background 

1 Cyan 

2 Magenta 

3 White 

 

Table 4: Sixteen standard CGA colors 

I R G B (binary) Color 

0 0 0 0 Black 

0 0 0 1 Blue 

0 0 1 0 Green 

0 0 1 1 Cyan 

0 1 0 0 Red 

0 1 0 1 Magenta 

0 1 1 0 Brown 

0 1 1 1 White 

1 0 0 0 Gray 

1 0 0 1 Light Blue 

1 0 1 0 Light Green 

1 0 1 1 Light Cyan 

1 1 0 0 Light Red  

1 1 0 1 Light Magenta 

1 1 1 0 Yellow 

1 1 1 1 Intense White 
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 Function 0Bh: 

Select Palette or Background Color 

 

      Sub function 0: Select Background 

Input:            AH = 0Bh               

                      BH = 0  

                      BL = color number (0 – 15) 

                      BH = active display page (choose page 0) 

 

      Sub function 1:  Select Palette 

Input:            AH = 0Bh 

                      BH = 1 

                      BL = palette number (0 or 1) 

 

 

To read or write a pixel, we must identify the pixel by its column and row numbers. These functions 0Dh and 

0Ch are for read and write respectively. 

Function 0Ch: 

Write Graphics Pixel 

Input:            AH = 0Ch               

                      AL = pixel value  

                      BH  = page (for the CGA, this value is ignored) 

                      CX = column number 

                      DX = row number 

Function 0Dh: 

Read Graphics Pixel 

Input:            AH = 0Dh               

                      BH  = page (for the CGA, this value is ignored) 

                      CX = column number 

                      DX = row number 

Output:          AL = pixel value       

 Part 2: Dos Interrupts 

the interrupt types 20-3FH are serviced by DOS routines that provide high level service to hardware as well as 

system resources such files and directories. The most useful is INT 21H, which provides many functions for 

doing keyboard, video, and file operations. DOS as collection of procedures to perform services such as 

formatting disk, creating disk files, reading or writing files, reading from key board and writing on to display 

etc.  

 

 2.1: INT 21h 

 

INT 21h may be used to invoke a large number of DOS functions, a particular function is requested by placing a 

function number in the AH register and invoking INT 21h. Here we are interested in the following functions. 

 

 Character I/O Functions 

 

Function 1: 

Single Key Input (take character from user) 

Input:       AH = 1 

Output:    AL  = ASCII code if character Key is pressed 

                      = 0 if non character key is pressed 
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The processor will wait for the user to hit a key if necessary. If a character key is pressed, AL gets its 

ASCII code; the character is also displayed on the screen. Because INT 21h doesn't prompt the user for 

input, he might not know whether the computer is waiting for input or is occupied by some computation. 

The next function can be used to generate an input prompt. 

 

Function 2: 

Display a character or execute a control function 

Input:      AH = 2 

                DL = ASCII code of the display character or control character (see table 5) 

Output:    AL = ASCII code of the display character or control character 

 

Table 5: control characters and functions 

ASCII Code (Hex) Symbol Function 

7 BEL Beep (sounds a tone) 

8 BS backspace 

9 HT tab 

A LF Line feed (new line) 

D CR Carriage return (start of current line) 

 

In case the programmer wants to prompt user for input by a meaningful message function 9 could be used.  

Function 9: 

Display a String 

Input:      AH = 9 

                DX = offset address of string. * 

                 The string must end with a '$' character. 
* You can write it using assembly code as follow: 

 lable DB “string $” 

 MOV DX, offset lable 

 

 Time and Date Functions 

To get the system time or date the following functions could be used. 

 

Function 2Ch: 

Get System Time  
Input:         AH = 2Ch 

Output:      CH = hours (0 – 23) 

                  CL = minutes (0 – 59) 

                  DH = seconds (0 – 59) 

                  DL = 1/100 seconds (0 – 99) 

Function 2Ah 

Get System Date 

Input:           AH = 2Ah 

Output:         AL = Day of the week (0 = Sun., 6 = Sat.) 

                     CX = Year (1980 – 2099) 

                     DH = Month (1 – 12) 

                     DL = Day (1 – 31) 

 

To set the system time or date the following functions could be used. 

 

Function 2Dh 

Set System Time 
Input:            AH = 2Dh 
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                      CH = hours (0 – 23) 

                      CL = minutes ( 0 – 59) 

                      DH = seconds (0 – 59) 

                      DL = hundredths (0 – 100) 

Output:          AL = 00 if the time is valid 

                               FFh if the time is invalid 

Function 2Bh 

Set System Date 

Input:            AH = 2Bh 

                      CX = year (1980 – 2099) 

                      DH = month (1 – 12) 

                      DL = day (1 – 31) 

Output:          AL = 00 if the date is valid 

                                FFh if the date is invalid 

 

  File Processing Functions 

INT 21h provides a group of functions called file handle functions. These functions make file operations much 

easier than the file control block method used before. In the latter, the programmer was responsible for setting a 

table that contained information about open files. With file handle functions, DOS keeps track of open file data 

in its own internal tables, thus relieving the programmer of this responsibility.   

 

 File Handle 

 

When a file is opened or created in a program, DOS assign it a unique number called the file handle. This 

number is used to identify the file, so program must save it to use it to write on that file or read from it and close 

it. 

        There are five predefined file handles. They are: 

0 Keyboard 

1 Screen 

2 Error output – screen 

3 Auxiliary device 

4 Printer 

 

 Creating or Rewritinga file 

 

Before a file can be used, it must be opened. To create a new file or rewrite an existing file, the user provides a 

file name and an attribute; DOS return a file handle. 

 

Function 3Ch 

Create a New File/Rewrite a File 

Input:             AH= 3Ch 

                       DS:DX = address of file name which is an ASCIIZ string * 

                       CL = 0 

Output:           If successful, AX = file handle ** 

                       Error if CF = 1  
 * You can write it using assembly code as follow: 

*/* filename DB “D:\file.txt”, 0  

 MOV AH, 3CH  

*/* MOV DX, offset filename  

 MOV CL, 0 

 INT 21H  

 MOV BX, AX     ** the file handle found in AX must be copied to BX in order to use it later to write on or read from the 

file and close it. 
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 Opening an existing file 
 

Function 3Dh 

Open an Existing File 

Input:            AH = 3Dh 

                      DS:DX = address of a file name which is an ASCIIZ string (same as before */*) 

                      AL = access code:     0 means open for reading 

                                                        1 means open for writing 

                                                        2 means open for both 

output:           if successful, AX = file handle (same as **) 

                      Error if CF = 1 

 

After a file has been processed, it should be closed. This frees the file handle for use with another file. If the file 

is being written, closing causes any data remaining in memory to be written to the file, and the file's time, date, 

and size to be updated in the directory. 

 

 Closing a file 
 

Function 3Eh 

Close a File 

Input:            BX = file handle (no need to fill it, you did it before in **) 

Output:          if CF = 1, error  

  

 Reading a file 
 

Function 3Fh 

Read a File 

Input:           AH = 3Fh -*- 

                     BX = file handle (no need to fill it, you did it before in **) 

                     CX = number of bytes to read 

                     DS:DX = memory buffer address  

Output:         AX = number of bytes actually read 

-*- You can write it using assembly code as follow in the example: 

 Data DB ? 

 MOV AH, 3FH 

 MOV CX, 5 ; suppose you want to read 5 characters from the file 

 MOV DX, offset Data 

 INT 21h 

  

 Writing a file 

 

Function 40h 

Write File 

Input:            AH = 40h +*+ 

                      BX = file handle 

                      CX = number of bytes to write 

                      DS:DX = data address  

Output:          AX = bytes written.  

+*+ You can write it using assembly code as follow in the example: 

 Data DB “my name” 

 MOV AH, 40H 

 MOV CX, 7 ; since Data contains 7 characters including the space 

 MOV DX, offset Data 

 INT 21h 
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Experiment No. 3 
 

Decoding Techniques and the MTS-86C 
 

This experiment deals with the functional description of the MTS-86 kit. It also deals with 

the description of the Input/output address decoding techniques using both the memory-

mapped I/O and isolated I/O. 
 

 Part A: The MTS-86 Kit 

 Specifications: 

 

 
 How to use it: 

 

 
 Function on keypad 
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Other Keys 

 
 

 Memory organization of MTS-86C kit 

 
 The user is allowed to load his code only in the range of physical address between (400H-

10000H), or in another way between (0040:0000 – 1000:0000 H). You must choose any 
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number between 40H – 1000H as will be explained later on. For example : 44, 4C, CCC, 

19B, FF9,CBC, … etc. 

 Exercise programs are group of programs that are saved and ready to be executed as 

follows: 

Reset. (any number between 00 to 20) 

 

 Monitor program is a program that will be executed when you switch on the kit, it will 

write H. on the 7-seg and lights the LEDs and writes the name of the kit on the 

LCD. 

 I/O addressing of the MTS-86C kit 

 

 

 
 

 Tutorial on MTS-86C kit 

 EB and EW: 

 

EB and EW are used to examine the content of a memory in byte size or word size respectively. 

You can also change the content of the examined byte or word. These functions are used to load 

assembly codes to the memory of the kit, by converting the assembly instructions into machine 

code (in hex), and then start to enter them byte by byte using EB or word by word using EW. This 

way will not be used in the lab to load the assembly code. We will use the PC to load the code 

serially to the kit (will be explained later). 
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But as a tutorial on the kit these functions are used as follows: 

1- EB: 

Press Reset 

Press EB 

Start entering the address as segment:offset; for example 100:9B 

Press , 

ResetEB100:9b, 

The LCD on the kit will display the content of 100:9B address, for example FFH 

 

 

 

If you press (,) you will see the content of 100:9C, and 100:9D… and so on. 

 

2- EW: 

Use the same steps used with EB. The monitor will display the content of 100:9B and 

100:9C. 

 

  

 ER: 

 

ER is used to examine the content of a register (AX,BX,DS,…), and you have the ability to 

change them as an initialization to your code, it is used as follows:: 

ResetERAX 

 

 

If you press (,), you will see the content of BX, CX, DX,…. Etc. 

 

 GO: 

 

GO is used to execute the program after loading it in starting from some address, it is used as 

follows: 

ResetGO100:9B. 

 

 Step by step procedure for loading and compiling code on MTS-86C kit 

 

 Files used: 

 

 
 

The batch file V.bat automatically use the rest 5 files to convert the assembly code to hex code, 

the means the uset do not need to execute the assemble(MASM) or the linker or the format 

converter. The content of the V.Bat is as follows: 

 

 

 

 

Seg. Offset Data 

0100:009B  FF 

 

Seg. Offset Data 

0100:009B  01FF 

 

Examine Register 

AX         0000 
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1- MASM: will convert the *.asm file into *.obj file. 

2- LINK: will convert the *.obj file into *.exe file. 

3- EXE2BIN: will convert the *.exe file into *.bin file. 

4- BIN2HEX: will convert the *.bin into *.HEX file. 

5- V.Bat wil then delete the *.exe, *.obj, and *.bin files from the folder. 

 

 Loading assembly file into MTS-86C kit memory 

 

 

i. Write your code in full segment definition using one segment only (i.e. code segment) 

to define your assembly code and data as shown below. 

CONST1 EQU ……  ; To define your constants 

 

CODE  SEGMENT 

    ASSUME CS: CODE, DS: CODE ; Must be written in every code 

 

START: MOV SP, 2000H   

  MOV AX,CS  ;Must be written in every  

  MOV DS,AX  ;code 

 

L1:  .                                      ; Your code is  here 

  . 

  . 

  JMP L1  ; Or JMP EXIT if no infinite loop needed 

 

DATA1 DB ……  ;To write you data here 

 

EXIT: 

CODE  ENDS 

  END START     

 

ii. Save your file in asm format (i.e. test.asm) in (D:\ MTS) folder, be sure it is not in txt 

format (i.e. test.asm.txt). choose all files from below. 

 

iii. Convert the assemble code into hex code. 

 

i. Lunch DOS command prompt. ( start  RUNwrite cmd ) 

 

ii. The default of the dos prompt is drive C:\, to change the path to (D:\MTS) since your 

file is saved in MTS folder ,write the following: 

 

 

 
 

iii. Write (V  filename). Don’t write (V filename.asm) this action will DAMAGE your 

assembly code), suppose the file name is TEST.asm 
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Now you can find the file (test.hex) in the MTS folder. 

 

In case of errors the DOS will display the following: 

 

 
 

Keep the DOS window, do not close it, go to your file(test.asm), go to line 10, fix the error, 

save you file, then return back to the DOS window and write again: V TEST, then 0 severe error 

will be displayed, and TEST.HEX will be found in the MTS folder. 
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iv. Download the Hex file to the MTS-86C kit. 

i. Turn on the MTS-86C kit power. 

ii. Connect the RS232-1 port connector on MTS-86C kit to PC’s serial port. 

iii. Lunch the Hyper Terminal as shown below.  

 

 

 

 

 

 

 

 

 

 

*Note:  If the ‘Local information’ window appear, click (Cancel YesOK). 

v. Enter a name, for example ABC, in the Connection Description Window and press 

OK, as shown below. 

 

 

 

 

 

 

 

 

 

 

 

 

vi. Select COM 1 from the Connect To window, as shown below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

vii. In COM 1 Properties Window,  

i. Select the Baud Rate to 19200 bits per second. 
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ii. Flow control to Xon / Xoff and press OK, as shown below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

viii. Now, the Hyper Terminal Window is opened, press RESET button and then press 

any key among [A-F] , from the MTS-86C keypad. The Hyper Terminal Window will 

show the welcome massage as shown below, meaning that the connection is 

established between MTS-86C and PC. 

 

 

 

 

 

 

 

 

 

 

 

 

 

ix. To download the machine code to the MTS-86C kit, you need to specify the starting 

segment address first from the range 40H-1000H. We are going to save the 

program in (0150h: 0000h), so write (L 150) then press enter in command prompt, as 

shown below. The offset address (0000) is specified during the assembling. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



9 

 

8) Now the system is ready to download the program. To download the hex file to the 

kit first select Transfer send text file as shown below. 

 

 

 

 

 

 

 

 

 

9) Browse the hexadecimal file generated from the assembler as shown below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

10) Now the file (test.hex) is downloaded to the kit in the address (0150: 0000). To 

execute this program write (G = 150: 0), then press Enter as shown below. 

 
 

Keep the hyper terminal window, don’t close it. Now if the execution of the file is not going 

well as you need, go to the assembly file (TEST.asm), make your changes, then save it, switch to 

the DOS window (it is opened as I mentioned before), just write V TEST, and continue if no 

errors, then switch to the Hyper terminal window (it is also opened as I mentioned before), just 

press Reset then any letter A-F then write L (new number from the range 40H-1000H, lets say 

66b)  L 66b, then after choosing the file write G=66b:0.   
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 Part B: Address Decoding Techniques 
 

In order to attach an I/O port or a memory device to the MP, it is necessary to decode the 

address sent from the MP. All address decoding designs are done to give active low output 

for the allocated address, since the address decoder output is connected to /CS (Chip 

Select) or /E(Enable) inputs of the I/P peripherals, and they are active low inputs. A few 

common address decoding techniques will be described here, namely: 

 Simple logic gate decoder 

 Non-programmable decoder

 PLD programmable decoder.



1- Simple Logic –gate decoder: use the universal NAND gate with all its inputs be 

logic “1”, any logic “0” input must be inverted using an inverter or simply a bubble 

as an inverter indicator. The address allocated to the I/O peripherals could be 8 or 

16 bits. 

 8-bit I/O address:   

Example: Address: 0FE H 

 
 

 16-bit I/O address 

Example: Address: 0FFFE H 

 
 

2- Non-programmable decoder: we use 3x8 decoder with active low output, A as LSB 

 8-bit I/O address:   

Example: Address: 0F6 H 
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 16-bit I/O address:   

Example: Address: 0FFD9 H 

 
 

3- PLD programmable decoder: we use 16L8 IC. This IC needs to be programmed 

according to what is connected to its inputs (I1- I10), to decide the address 

allocated to each output (O1-O8). Inputs are given the same names of the address 

lines, and the outputs could be given the vales of the address allocated to the IC or 

keep their names as they are (O1-O8) 

 
 

Note: 

Any address line/s that is/are connected to that IC that we are designing an address 

decoder for its allocated address, will not be included in the design of the address decoder 
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Example:  

We are designing and address decoder for the address allocated to the IC 8255 (base 

address = F8H); this IC needs two address lines (A2 A1) to choose four internal registers. 

You can see that the design of the address decoder excludes (A2 A1). This IC has four 

address allocated to it according to the four combinations of (A2 A1); F8H, FAH, FCH, 

FEH. 
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Experiment No. 4 

 7-Semgent Display 

The 7-segment LED display can be found in many applications that range from the simple toaster ovens to more 

sophisticated industrial control rooms. It is composed of 7 LEDs that are fabricated in one case to make it more 

convenient for displaying numbers and some letters. Figure 1 shows example of a typical 7 -segment LED display 

with its pin layout (Common anode and common cathode). 

The 7-segment LED shown on the left of Figure 1, is a common anode LED display, and the one on the right is 

common cathode. In the common anode display the positive leg of each LED is connected to a common point 

(Vcc) which is pin 3 in this case. Each LED has a negative leg that is connected to one of the pins of the device. To 

make it work, you need to connect pin 3 to +5 Volts. Then to make each segment light up, connect the negative leg 

pin to ground.  

 

 

 

 

 

Figure 1, 7 -segment LED display ( Common anode and common cathode). 

 Table 1 provides the information needed to display digits from 0 to 9, and letters A, b, C, d, E, and F. The binary 

number '0' means that pin is connected to ground, and the binary number '1' means that pin is connected to Vcc.  

 

Table 1: Logic states of 7-segment LED to display different digits or letters 

Character 
D g f e d c b a  Character D g f e d c b a 

Binary Hexadecimal  Binary Hexadecimal 

0 11000000 C0  8 10000000 80 

1 11111001 F9  9 10010000 90 

2 10100100 A4  A 10001000 88 

3 10110000 B0  B 10000011 83 

4 10011001 99  C 11000110 C6 

5 10010010 92  D 10100001 A1 

6 10000010 82  E 10000110 86 

7 11011000 D8  F 10001110 8E 
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Figure 2 shows interface circuit for the 7-segment display. You can see that the 7-seg display is connected through 

latch (74LS373), because there is no enable pin in the 7-seg display. The 7-seg will work when the processor send 

data using the address allocated to it, which is 3FF0H, by using the assembly instruction OUT. 

 

 

 

 

 

 

 

Figure 2: The 7-segment display interface circuit 

 

At this stage, some assembly instructions can be written and used to display different digits or letters on the 7-

segment LED. For example, the instruction to display '1' on the 7-segment LED is:  

MOV DX, 3FF0H  ; 3FF0h represents the address of the 7-segment LED 

MOV AL, 0F9H    ; 0F9h represents the value of digit 1. 

OUT DX, AL        ; after executing OUT instruction, the digit ‘1’ will be displayed on the 7-segment LED 

To avoid displaying the consecutive hexadecimal digits too quickly, an appropriate delay period needs to be 

inserted before sending the subsequent digit to the 7-segment display. This can be accomplished by writing a time 

delay loop as follows:  

MOV CX, 0A000H  ; this loop will give about half a second delay 

 LOOP $  ; this instruction equals   L1: LOOP L1 

File lab1a.asm shows the hexadecimal numbers from 0-F sequentially with an infinite loop. The hexadecimal 

numbers is saved in memory in FONT, and we use a lookup table to take them on by one as follows. 

L1: MOV BL, 16; the next loop will be repeated 16 times 

 MOV SI , OFFSET FONT ; SI points to the first number in font; C0H 

L2: MOV DX, 3FF0H; DX has the address of the 7-seg display 

 MOV AL, [SI]; get the data that SI points to, in the first loop it is C0H 

 OUT DX, AL;  Display the number on the 7-seg display 

 INC SI ; Point on the next number 

 DEC BL; finish the 1
st
 loop  

 JNZ L2; Keep looping to L2 until the 16 digits are shown sequentially on the 7-seg display. 

 JMP L1; Repeat again showing the sixteen digits for infinite. 
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You can use the lookup table to convert from binary to 7-seg notation as follows. FONT has the 

sixteen digits saved sequentially. 

. 

. 

------------; AL = 6; suppose that AL equals 6 and to show it on the 7-seg it must be converted 

to  82H (refer to Table1) 

MOV SI, OFFSET FONT; SI points to the first number in font; C0H 

MOV AH, 0 

ADD SI, AX ; in order to reach the 7-seg notation of the decimal number 6 (add the 

displacement to SI) 

MOV AL, [SI]; get 82H 

MOV DX, 3FF0H; show it in the 7-seg display 

OUT DX, AL    

 

 8255 Programmable Peripheral Interface (PPI) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The PPI in the MTS-86C kit (PPI-3) is connected as shown in (Figure 3). The base address for PPI-3 is 3FD0H, A2 

A1 are connected to the IC directly. They give four combinations to chose between ports and control registers as 

shown below: 
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address A2 A1 Address allocated to 

3FD0H 0 0 Port A 

3FD2H 0 1 Port B 

3FD4H 1 0 Port C 

3FD6H 1 1 Control Register 

To program the 8255 you need to follow the next steps: 

1- Send Control Byte to Control Register at the beginning of your code in order to tell the processor whether 

the ports are connected as input or output, and to choose the mode of the 8255. In this lab we work on mode 

0. The control byte is as follows. 

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 

Active 

1 

Mode 0 

0 

Mode 0 

0 

Port A 

1/0 

Upper Port C 

1/0 

Mode 0 

0 

Port B 

1/0 

lower Port C 

1/0 

If the port is connected as input, the bit value will be filled with 1; if the port is connected as output, the bit 

value will be filled 0. Port C can be divided to two parts, lower Port C and Upper Port C, you can connect 

the two parts differently. For example, the lower part could be connected as input and the upper as output. 

Or you can connect them both as input or both as output. In this experiment Port C is ignored, and its bits 

will be in don’t care condition (fill them with 0). 

 

2- Port A is connected as input. It is connected to eight Push-buttons; when you press on any Push-button the 

input value will be 0, otherwise it will be 1. to read from Port A use the following instructions: 

 MOV DX, 3FD0H 

 IN AL, DX  

Example: If you press on Push-buttons (0, 2, and 7) the data that will be transferred from Port A to AL 

will be 01111010B.  

 

3- Port B is connected as output. It is connected to eight LEDs; when you want the LED to be ON, you have 

to send 1 to that LED on Port B. This 1 will be inverted to 0 because of the active low output buffer 

(74LS240), so the LED will be on since the LEDs are connected as common anode. To light some LEDs 

on Port B; use the following instructions: 

MOV DX, 3FD2H 

MOV AL, --------; choose which LEDs you want to light on 

OUT DX, AL 

Example: If you want the LEDs (0, 1, and 6) to be on, the data that will be put on AL equals 01000011B. 

 MOV AL, 0100011B; or 23H 
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Experiment No. 5 

Programmable Keyboard/Display Interface – 8279 

The 8279 is programmable keyboard/display interfacing component that scans and encode up to a 64-key keyboard 

and control up to 16-digit numerical display. The keyboard interface has a built-in first-in first-out (FIFO) buffer 

that allows it to store up to eight keystrokes before the microprocessor must retrieve a character. In the MTS-86C 

kit the keys are connected as follows: 

 

Figure 1: Keypad interface with the 8279. 

 

 Pin definitions for the 8279 

1- The address line A1 is connected to the pin A0 in order to select data or control address. Logic 0 selects 

data and logic 1 select control. In the MTS-86C kit, the base address allocated to the 8279 is FFE8h. the 

data and control addresses is shown below: 

Table 1 

  

 

 

 

2- The decoding circuit designed for the 8279 is connected to the /CS pin. 

3- External clock is connected to the CLK pin. This clock will used by the 8279 IC to scan the keys. 

4- Scan lines SL3-SL0: output pins that scan the keyboard for any keystrokes. 

address A1 Address allocated to 

0FFE8H 0 Data 

0FFEAH 1 Control 
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5- Return lines RL7-RL0: input pins that sense any key depression in the keyboard matrix 

6- Shift pin is usually connected to he shift key. 

 

 Programming the key pad 

There are eight types of control words provided for programming the operating modes of the 8279 only the 

following commands are used to control keyboard: 

1. Mode set command 

2. Program clock 

3. Status Word. 

 

1. Mode set command (D7, D6, D5= 0 , 0 , 0) 

 

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 

0 0 0 0 0 M M M 

 

 

 

 

 

 

 

 

 

 

 

 Encoded keyboard with 2- key lockout: is the case as shown in Figure 1, where the scan line outputs are 

connected to the binary to BCD decoder. In this case the scan lines output will be will be binary count. It 

will count with an internal clock from 0000 to 1111(active high). The internal clock equals (external 

clock/prescalar), where the prescalar is extracted from the program clock command byte discussed later. 

2-key lockout means prevents 2 keys from being recognized if pressed simultaneously. In the MTS-86C 

kit, the circuit of the keypad controller is Encoded keyboard with 2- key lockout. 

 Decoded keyboard with 2- key lockout:  the output of scan lines will be similar to a 2-to-4 decoder. The 

outputs are active-low (only one low at any time) : 1110, 1101, 1011, 0111. 

 Strobed keyboard: An active high pulse on the CN/ST input pin strobes data from the RL pins into an 

internal FIFO for reading by micro later, i.e. queue RL inputs in the FIFO. 

 N-key rollover: Accepts all keys pressed from 1st to last. The 8279 will read them in the way it finds 

them. 
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 Sensor matrix: in this mode image of the sensor matrix is kept in the sensor RAM (FIFO). The status of 

the keys is input directly to the sensor RAM. 8279 scans rows one by one and stores the status of each row 

in the corresponding location in the sensor RAM; i.e. the first row in the location 0 of the sensor RAM. 

After finishing sensoring, the ‘S’ bit of the status byte will be set, and an interrupt will be activated on the 

IRQ. 

 The mode set command can be programmed as follows: 

MOV DX, 0FFEAH 

MOV AL, _________; mode set byte 

OUT DX, AL 

2. Program clock command (D7, D6, D5= 0 , 0 , 1) 

 

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 

0 0 1 P P P P P 

 

In this byte the prescalar is chosen. The PPPPP is the prescaler value. The prescalar is from 2 to 31, since 

the manufacturer decides that 0 or 1 prescalar is considered as 2. 

Example: for the prescalar 12, the program clock byte will be 00101100b, or 2CH. Now if the external 

clock is 2.4576MH, the internal clock will be 2.4576 MHz /12 = 204.8 KHz. 

The program clock command can be programmed as follows: 

MOV DX, 0FFEAH 

MOV AL, _________; program clock byte 

OUT DX, AL 

3. Status Word 

 

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 

X X X X F N N N 

 

When the control port is addressed by the IN instruction, the contents of the FIFO status word is copied 

into register AL. NNN indicates the number of characters in the FIFO. Use these 3 bits to determine if 

there are any characters stored in FIFO. F indicates that the FIFO is full (8 characters) or not. 

The status byte is read as follows: 

MOV DX, 0FFEAH 

IN AL, DX; AL will have the status bye. Bits 4-7 must be masked to keep only the number of keystrokes 

in the status byte to it to check how many keys are pressed and saved in the FIFO. 

4. To read data from the FIFO:  

MOV DX, 0FFE8H 

IN AL, DX; AL will have the hexadecimal number corresponding to each key, see Table 2.  
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 To write a program: 

  

 

        ; Constants. 

CODE  SEGMENT 

  ASSUME CS: CODE, DS: CODE 

START: MOV SP, 2000H 

  MOV AX, CS 

  MOV DS, AX 

   

        ; Mode set command using OUT instruction with Control Address 

  

 

 

                  ; Program clock command (prescaler) using OUT instruction with Control 

 Address 

 

AGAIN: 

 

   ; An instruction sequence traps program execution until a key(s) is pressed 

     on the keypad. 

                                                  ; (Read Status Word using IN instruction with Control Address). 

 

   

        ; Read the pressed key (Hex value*) from FIFO using IN instruction with  

                                                    Data Address 

 

  

        ; Rest of your code. 

 

   

JMP AGAIN 

CODE  ENDS 

  END START 

____________________________________________________________________ 

*Table 2 

 
MTS-86C Key Value in FIFO 

0 00H 

1 01H 

. 

. 

. 

. 

F 0FH 

. 10H 

, 11H 

- 12H 

+ 13H 

: 14H 

REG 15H 
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Experiment No. 6 

The HD44780-based LCD (Liquid Crystal Display) module 
 

Microprocessor-controlled LCD displays are widely used in many applications. They have replaced most of 

their LED counterparts because of their low power consumption and flexible graphic display. This experiment will 

illustrate how the microcomputer is used to output characters to the LCD display. The hardware for the display uses 

an industry standard HD44780 controller. Figure 1 shows the HD44780 LCD module pin layout with a maximum of 

80 characters on the display. The task in this lab is to know how to initialize the HD44780 controller and display 

characters on it.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: The pin layout of the D4478 LCD module. 
 

 

The HD44780 has two internal 8-bit registers, an instruction register (IR) and a data register (DR). The IR 

stores instruction codes, such as clear display and cursor shift, and address information for the display. The DR 

temporarily stores data to be written to or read from the display. The address lines A2A1 are connected to pin 4 and 5 

respectively. The base address of the HD44780 is FFC1H. the address line A2 is used to choose between instruction 

or data, and A1 is used to choose between write or read, so the four combinations given by A2A1 are (Table1): 

  Table1: Four types of access cycles. 

 

Address 
A2 

(RS) 

A1 

(R/ W ) 
Address allocated to 

0FFC1H 0 0 Instruction write (I_W)   

0FFC3H 0 1 Instruction read (I_R) 

0FFC5H 1 0 Data write (D_W) 

0FFC7H 1 1 Data read (D_R) 
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 I_W address is used to make the needed initializations using any one of the first eight instructions described 

on Figure 2. i.e. when A2 A1 are 0 0. For example to clear the screen (01H), turn off the display (06H), 

change the location to the end of the first row in a 16 wide LCD (8FH). To write one of these instructions 

write the following assembly instructions: 

   MOV DX, I_W 

 MOV AL, 01H; clear the screen 

 OUT DX, AL 

 

 I_R address is used to read the status of the LCD whether it is busy or not. The byte “Read Busy flag & 

address” from Figure 2 will  be return in AL:  

   MOV DX, I_R 

 IN Al, DX; AL will have the byte: BF AC AC AC AC AC AC AC  

 

 We cares about the BF bit (bit no. 7), if this bit is logic 1, so the LCD is busy and not ready to accept any 

instruction or data. If it becomes logic 0 then continue sending instructions and/or data. In order to do that you 

have to write a procedure that tests bit no. 7, whether it is 0 or 1. And this procedure must be inserted before 

writing any instruction or data, see the following pseudo code 

   ………. 

 ……….    Clear screen: an instruction 

 CALL BUSY_PROCEDURE 

 ………. 

 ……….    Make the display shifts once to the right: an instruction 

 CALL BUSY_PROCEDURE 

 ………. 

 ……….    Write character A: a data 

 CALL BUSY_PROCEDURE 

 ………. 

 ……….   write character B: a data 

 CALL BUSY_PROCEDURE 

 ………. 

 ……….   Change the cursor position to the first cell of the next row: an instruction 

 . 

 . 

 HLT ; to stop the execution of the code 

               BUSY_PROCEDURE: 

 MOV DX, I_R 

 IN Al, DX 

 . 

 . 

 RET 

 

 D_W address is used to write characters on the LCD as follows:  

   MOV DX, D_W 

 MOV AL, “A”; write character A 

 OUT DX, AL 

Between 

instruction and 

instruction 

Between 

instruction 

and data 

Between 

data and 

data 
Between data 

and instruction 
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After displaying the character “A” as before the cursor will be moved to the next right cell (the DDRAM 

address will be incremented automatically. You can use the byte “Entry mode set” from Figure 2 to make the 

cursor decrement instead of increment; i.e. to right from right to left 

 

 
Figure 2: HD44780 instruction set. 

 

The HD44780 LCD module has two RAMs, Character Generation RAM (CGRAM) and Display data RAM 

(DDRAM). The CGRAM is the area to create user defined patterns for the different characters. For making custom 

patterns we need to write values to the CGRAM area defining which pixel to glow in a matrix of 5x10 or 5x8 LEDs. 
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You have to know that the characters patterns are created and saved in the same address as they are in the ASCII 

table. For example to write the character 0, you can do that by writing MOV AL, “0” or write MOV AL, 30H, both 

will display “0” on the LCD since the character 0 is in the position 30H in the ASCII table. 

 

DDRAM) stores display data represented in 8-bit character codes. Its capacity is 80 x 8 bits, or 80 characters. The 

memory area in DDRAM that is not used for display can be used as general data RAM. See Figure 3 for the 

relationships between DDRAM addresses and positions on the LCD for 2 lines display in general.  

 

 

 
 

 

 

 

Figure 3: Display data RAM for 2 lines of characters. 

 

In the MTS-86C kit the existing LCD is 16 wide -2 lines LCD as shown in Figure 4. You can see the relation between 

the LCD cells and the DDRAM address concatenated with that cell: 

 

00 01 02 03 04 05 06 07 08 09 0A 0B 0C 0D 0E 0F 

                

                

40 41 42 43 44 45 56 57 58 59 4A 4B 4C 4D 4E 4F 

Figure 5: the LCD display in the MTS-86C kit 

 

In order to choose the cell where you want to write your data, use the byte “Set DDRAM address” from Figure 2: 

 1 ADD ADD ADD ADD ADD ADD ADD  

Where the ADDs bit is chosen from the addresses shown in Figure 5, for example to write on cell no.2 from the 

second row, the “Set DDRAM address” byte will be 1 1 0 0 0 0 1 0B or C2H: 

 MOV DX, I_W 

 MOV AL,0C2H 

 OUT DX, AL 
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Experiment No. 7 

Digital to Analogue Conversion 

 
Digital to Analogue Conversion (DAC) is a function that converts digital data (usually binary) into an analog 

signal (current, voltage, or electric charge).  DAC is needed to convert the digital signal to analog to drive an 

earphone or loudspeaker amplifier in order to produce sound (analog air pressure waves). The circuit of the DAC 

converter in the MTS-86C kit is shown in Figure 1. 

 

 

 

 

 

 

 

 

Figure 1: DAC circuit in the MTS-86C kit 

 

Notice that the circuit of the DAC converter is similar to the 7-seg display since the DAC0808 IC doesn’t have 

enable pin,  so that it is connected to the data lines and the decoding circuit through the latch 74LS373 IC. The 

address allocated to the DAC converter is 3FD8H. 

 

The relationship between the analog value (Vout) and the digital value Din at the data lines (D7-D0) is linear according 

to the following equation. 

 

 

Where Vref in the MTS-86C kit is connected to 12V, R25 =4.7 KΩ, R23= 5.6KΩ (from Figure 1). R25 / R23 are 

considered as gain (about 0.8).  The step voltage is often called the resolution of the DAC converter. It is calculated 

by finding the difference between two distinct digital values. 

 

In this lab we will generate different analog signal shapes by playing with the digital values sent to the DAC 

converter. For example, if we want to generate a sinusoidal signal at the output of the DAC, the Din values is 

calculated according to the following equation: Din128 127 sin Where is an angle that varies from 0 to 360
o
 

with a step dependent upon the number of samples per cycle. For example, for 20 samples per cycle, the step in 

=360/20 = 18
o
. The sinusoidal signal will not be smooth since only 20 samples are shown only not all the 360 

values. 
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Experiment No. 8 

Programmable Interval Counter/Timer 

 
The  8253  is  a  programmable  interval  timer/counter  specifically  designed  for  use  with  the  Intel 

microcomputer systems. Its function is that of a general purpose, multi-timing element that can be treated 

as an array of I/O ports in the system software. The 8253 solves one of the most  common  problems  any  

microcomputer  system,  the  generation  of  accurate  time  delay under software control.   

The  programmer  configures  the  8253  to  match  his  requirements,  initializes  one  of  the counters of 

the 8253 with the desired quantity, then upon command the 8253 will count-out the delay  and  interrupt  

the  CPU  when  it  has  completed  its  tasks.  It is easy to see that the software  overhead  is  minimal  

and  that  multiple  delays  can  easily  be  maintained  by assignment of priority levels.  

The  Intel  8253  is  a  programmable  counter/timer  chip  designed  for  use  as  an  Intel  microcomputer 

peripheral.  It  is  organized  as  3  independent  16-bit  counters,  each  with  a counter  rate  up  to  

2MHz.  Six  programmable  timer  modes  allow  the  8253  to  be  used  as  an event counter, elapsed 

time indicator, programmable one-shot, and in many other applications. 

The pin configuration of the 8253 programmable counter/timer chip is shown in Figure 1. Each one of 

the independent timers has 3 pins.   

 
Clock   

This is the clock input for the counter. The counter is 16 bits. The 

maximum clock frequency is 1/380 nanoseconds or 2.6 

megahertz.  The minimum clock frequency is DC or static 

operation.  

Out This single output line is the signal that is the final programmed 

output of the device. Actual operation of the outline depends on 

how the device has been programmed. 

Gate This input can act as a gate for the clock input line, or it can act 

as a start pulse, depending on the programmed mode of the 

counter. 

 

 Modes of Operations 

The following text describes all possible modes. 

 

Mode 0 Interrupt on Terminal Count 

The counter will be programmed to an initial value and afterwards counts down at a rate equal to 

the input clock frequency. When the count is equal to 0, the OUT pin will be a logical 1. The 

output will stay a logical 1 until the counter is reloaded with a new value or the same value or until 

a mode word is written to the device. Once the counter starts counting down, the GATE input can 

disable the internal counting by setting the GATE to a logical 0. 

Mode 1 Programmable One-Shot 

In mode 1, the device can be setup to give an output pulse that is an integer number of clock 

pulses. The one-shot is triggered on the rising edge of the GATE input. If the trigger occurs during 

the pulse output, the 8253 will be retriggered again. 

Mode 2 Rate Generator 

The counter that programmed for mode 2 becomes a "divide by n" counter. The OUT pin of the 

counter goes to low for one input clock period. The time between the pulses going low is 
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dependent on the present count in the counter's register, i.e. the time of the logical 1 pulse. For 

example, to get an output frequency of 1,000 Hz (Hertz), the period would be 1 / 1,000 s = 1 ms 

(millisecond) or 1,000 μs (microseconds). If an input clock of 1 MHz (Mega-Hertz) was applied to 

the clock input of the counter #0, then the counter #0 would need to be programmed to 1000 μs. 

This could be done in decimal or in BCD. The formula is: 

 

 

 

 

Where: N= value to be loaded, Fclk= input clock frequency, and Fout = output frequency. If the 

count is loaded between output pulses, the present period will not be affected. A new period will 

occur during the next count sequence.( N is the data to be sent to the counter) 

Mode 3 Square Wave Generator 

Mode 3 is similar to mode 2 except that the output will be high for half the period and low for 

half. If the count is odd, the output will be high for (n + 1) / 2 and low for (n - 1) / 2 counts. 

Mode 4 Software Triggered Strobe 

In this mode, the programmer can set up the counter to give an output timeout, starting when the 

register is loaded. On the terminal count, when the counter equals to 0, the output will go to a 

logical 0 for one clock period and then returns to a logical 1. 

Mode 5 Hardware Triggered Strobe 

In this mode, the rising edge of the trigger input will start the counting of the counter. The output 

goes low for one clock at the terminal count. The counter is retriggerable, thus meaning that if the 

trigger input is taken low and then high during a count sequence, the sequence will start over. If 

the external trigger occurs again, prior to the time completing a full timeout, the timer will 

retrigger. 

 

 The base address for 8253 is 0FFD8h 

address A2 A1 Address allocated to 

0FFD8H 0 0 Counter 0 

0FFDAH 0 1 Counter 1 

0FFDCH 1 0 Counter 2 

0FFDEH 1 1 Control Register 

 

 The 8253 circuit connection in the MTS 86C kit 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 

 

Notes on Figure 2: 

- Count0 clock input is 102288MHz, the gate is always active since it is connected to the Vcc, 

Out0 is going somewhere on the kit but cannot be tested or figured. 
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- Count1 gets the same clock as Count0, 1.2288MHz; the G1 input is connected to the PPI 8255 

IC, PC4 as shown in Figure 3. In order to generate signals on Out1, Upper Port C in the  PPI-3 

must be configured to be output and sent on the 3FD6H control address, and PC4 must be set; 

i.e. send 10H on the Port C address 3FD4H before start sending data on Count1 address : 

 
Figure 3 

OUT1 is connected to the speaker through DIP switch. In order to hear the signal generated on 

OUT1, switch 2 must be ON and switch 1 and 3 must be off. 

 

- Count2 has no information about the value of input clock or G2 and OUT2 connections. 

 

 Programming the Timer 8253. 

- Control word and mode setting: 

To operate a counter, first a control word must be written and the operation mode of the counter is set.  

Control Word: 

 

 

 

 

 

 

 

 

 

 

 

 

            

Figure 2 
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The control byte is written for each timer/counter. If you code generate two signals on count0 and count1, 

two control bytes must exist in your code. The control byte has the following bit configurations. 

- BCD: this bit selects between binary and BCD count operations. The permissible range of values 

for the count data is 0 to FFFFH for binary count and 0 to 9999 for BCD count. 

Example: for a signal  

- CM CM1 CM0: to select the count mode (Mode 0-5). 

- RWM1 RWM0: when writing the count, caution must be taken on the byte-wise mode selected 

as shown: 

- In lower 1-byte, the lower byte of the count register is written by the first write operation, 

then data 00H is written to the remaining higher byte.  

- In higher 1-byte, data 00H is written to the lower byte of the count register in the first write 

operation, then the higher byte is written. 

- In lower-higher 2-byte, the lower byte is written by the first write operation and the higher 

byte by the second. 

- SC1 SC0: to select counter number. 

Control byte can be written using assembly as following: 

 MOV DX, 0FFDEH 

 MOV AL, ________ ;  control byte (Figure 2) 

OUT DX, AL 

 

- To generate signals on the timer counter outputs, data must be written in two steps (lower bye and 

higher byte), since the 8253 is 16 bit timer counter. 

Example 1: if we want to generate Mode 2, 200KHz signal on OUT1 we do the following. We 

will count N: 1.2288 MHz/ 200KHz = 6.144  6: 

1- 6 could be sent on the Lower part: 

MOV DX, 0FFDAH; address Count1 

 MOV AL, 06H; data on the lower part 

OUT DX, AL  

 

MOV DX, 0FFDAH;  
 MOV AL, 00H; 00H on the higher part 

OUT DX, AL 

2- 6 could be sent on the higher part: 

MOV DX, 0FFDAH; address Count1 

 MOV AL, 00H; 00H on the lower part 

OUT DX, AL  

 

MOV DX, 0FFDAH;  
 MOV AL, 06H; data on the higher part 

OUT DX, AL 

Note that you have to choose where the data is (lower or higher) by setting the bits RWM1 RWM0 on 

the control byte accordingly. 

 

Example 2:  if we want to generate Mode 3, 400Hz signal on OUT0 we do the following. We will 

Repeated for Count0, 

Count1, and Count2 
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count N: 1.2288 MHz/ 400Hz = 3072: 

3072 must be sent on the Lower part and the higher part to generate the correct signal: 

MOV AX, 3072 

MOV DX, 0FFD8H; address Count0 

OUT DX, AL; the lower part is sent 

 

MOV DX, 0FFD8H;  
 MOV AL, AH; the higher part is sent 

OUT DX, AL 

Notes: 

1- You have to choose (lower / higher) by setting the bits RWM1 RWM0 on the control byte 

accordingly. 

2- If the bit BCD on the control byte is set, the data saved in AX must be in hex:  

MOV AX, 3072H 

    
  

        ; Constants. 

CODE  SEGMENT 

  ASSUME CS: CODE, DS: CODE 

START: MOV SP, 2000H 

  MOV AX, CS 

  MOV DS, AX 

   

 ; For OUT 1 only, configure the PPI, and write on PortC to enable the gate   

  

         ; Control word using OUT instruction with Control Address(for each counter) 

 

; Write the lower 1-byte using OUT instruction with the specified counter 

;address  

   

 ; Write the higher 1-byte using OUT instruction with the specified counter 

;address  

CODE  ENDS 

  END START 
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Experiment No. 9 

Interrupts and Interrupt Handling Routines 

 

   The Intel 8259 is a family of Programmable Interrupt Controllers (PICs) designed and developed for 

use  with  the  Intel  8085  and  Intel  8086  8-bit  and  16-bit  microprocessors.  The family originally 

consisted of the 8259, 8259A, and 8259B PICs, though a number of manufactures make a wide range of 

compatible chips today. The 8259 acts as a multiplexer, combining multiple interrupt input sources into a 

single interrupt output to interrupt a single device.  

  

   Figure 1shows the main connectors on an 8259 which are as follows: eight interrupt input request lines 

named IRQ0 through IRQ7, an interrupt output line named INT, interrupt acknowledgement line named 

INTA, D0 through D7 for communicating the interrupt level or vector offset. Other connectors include 

CAS0 through CAS2 for cascading between 8259s. Up to eight slave 8259s may be cascaded to a master 

8259 to provide up to 64 IRQs. 8259s are cascaded by connecting the INT line of one slave 8259 to the 

IRQ line of one master 8259.  

 

 

 

 

 

 

 

Figure 1: The pin-out diagram of the 8259 PIC. 

 

Almost all microcomputer systems use interrupts to reduce software overhead when controlling 

peripherals. However, the number of interrupt pins on a CPU is limited. When the number of interrupt 

lines increases beyond that limit, external circuit like 8259 become necessary. There are one interrupt 

connected directly to the CPU; Non-Maskable Interrupt (NMI) with vector number 2. Figure 2 shows 

how the NMI and the 8259 are connected to the CPU in the MTS-96C kit. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: the NMI and the 8259 PIC circuit connection. 
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The 8259 can process eight interrupt requests according to an allocated priority order and transmit 

the signal with the highest priority to the CPU. It also supplies the CPU with information to ascertain the 

interrupt routine start address. 

 

When an interrupt occurred the CPU will execute the interrupt handler. An interrupt handler, also 

known as an Interrupt Service Routine (ISR), is a subroutine whose execution is triggered by the 

reception of an interrupt.. These handlers are initiated by either hardware interrupts or interrupt 

instructions in software, and are used for servicing hardware devices and transitions between protected 

modes of operation such as system calls.  

 

 Programming 8259 interrupt controller 

There are two types of 8259 control words; Initialization Control Words (ICWs) and Operation 

Control Words (OCWs). Normally pin A0 is used to select the different control type. When A0 is equal 

to 0, register ICW1, OCW2, OCW3 can be accessed. When A0 is equal to 1, register ICW2, ICW3, 

ICW4, OCW1 can be accessed. 

 

 The base address for 8253 is 0FFD8h 

 

 

 

 

 

 

 

 Initialization Control Words (ICWs) 

 

There are four Initialization Control Words (ICW1 - ICW4). 

 

 

 

 

 

 

 

 

 

 

Notes: set IC4 since the kit has 8086 processor. Set SNGL since we will deal with it in single mode. Choose Level 

or Edge trigger, but edge is recommended. Bits D7 D6 D5 D2 are don’t care for 8086 processors 

 

address A1 Address allocated to 

0FFC8H 0 ICW1, OCW2, and OCW3 Registers 

0FFCAH 1 ICW2, ICW3, ICW4, and OCW1 Register 
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Note: ICW2 contains the base address of Interrupt vector number. IR0 has the vector no. equals the base vector no. 

and IR1 equals the base+1, and so on. 

  is configured in the cascade mode. We don’t have to configure it in the single mode operation. 

 

Notes: ICW4 is programmed for 8086/8088 processors, and not for 8085. D4 D3 D2 are don’t cares in the single 

mode operations. Set D0 for 8086 processor in the kit. Auto EOI resets the interrupt request bit in the interrupt 

status register and does not modify priority. Auto EOI is recommended since it will reduce the ISR time. If 

Normal EOI is chosen, OCW2 command must be configured in the ISR. In the OCW2 you have to select one of 

eight ways that the 8259 will respond to interrupt: 

1- Nonspecific End-of-Interrupt: Command sent by the ISR to signal the end of the interrupt.  8259 determines which 

interrupt level was active and re-enable the correct interrupt status register bit this will allow the interrupt to take 

action again or a lower priority interrupt to take effect. 

2- Specific End-of-Interrupt: A command that allows a specific interrupt request to be reset. The highest priority 

interrupt input is chosen using the L2–L0 bits (IR0-IR7) of OCW2. 

3- Rotate-on-Nonspecific EOI: functions exactly like the Nonspecific End-of-Interrupt command, except it rotates 

interrupt priorities after resetting the interrupt status register bit. The level reset by this command becomes the 

lowest priority interrupt, i.e. if IR4 was just serviced by this command, it becomes the lowest priority interrupt 

input and IR5 becomes the highest priority. 
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4- Rotate-on-Automatic EOI: This is used in the applications where all the interrupting devices are of equal priority. 

This command must be sent once to the 8259 (set). If this mode must be turned off, (clear) command is used. 

5- Rotate-on-Specific EOI: Functions as the specific EOI, except that it selects rotating priority.  

6- Set priority: Allows the programmer to set the lowest priority interrupt input using the L2–L0 bits (IR0-IR7) of 

OCW2. 

 

 Operation Control Words (OCWs) 

There are three Operation Control Words (OCW1 – OCW3). 

 

 

 

 

Note: when a bit is set, it will turn off (mask) the corresponding interrupt input. OCW1 is written since 

the mask bits are unknown when the 8259 is firstly initialized. To set IR0, OCW1will be FEH. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Configure the Interrupt Vector Table (IVT): 

 

IVT has a reserved area from 0000H to 0080H physical address (00H-20H vector types). This 

area contains the pointers for known service routines such as divide error interrupt and overflow 

interrupt. NMI ISR pointer is saved in this reserved area. NMI has a vector type (number) 2, which 

means that the addresses 0008H-000BH contain the pointer of the ISR for NMI interrupt; i.e. 0008H and 

0009H have the offset value and 000AH-000BH has the segment value of the ISR that will be executed 

when the NMI occurred.  

After 0080H physical address in the IVT the user can save pointers for his routines that will be 

executed when once 8259 interrupts occurred. In this experiment we will choose 20H as a base vector 

type for the 8259 module in the kit; i.e. 80H (20Hx4)-81H will have the offset and 82H-83H will have 

the segment of the ISR that you will write in your code in this experiment (IR0). 

In order to save the address of you ISR in the IVT, you have to find the values of the segment: 

offset of your ISR. In your code, the segment is undoubtedly CS, the offset can be found by (OFFSET 

ISR_lable). Now you have the needed information, move them to the IVT for each interrupt (see the code 

in the box).  
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        ; Constants. 

Vec  EQU _______  ; Vec equals the vector number (type) of the interrupt 

CODE  SEGMENT 

  ASSUME CS: CODE, DS: CODE 

 

START:  

CLI        ; Clear interrupt 

MOV SP, 2000H 

  MOV AX, CS 

  MOV DS,AX 

   

                                                                                                                         ;For each interrupt( IR0-IR7 and NMI) 

 

 

ICW1:           ; Configure ICW1, using OUT instruction(for each IR0-IR7) only 

  

ICW2:          ; Configure ICW2, using OUT instruction(for each IR0-IR7) only   

 

ICW4:          ; Configure ICW4, using OUT instruction(for each IR0-IR7) only   

   

OCW1:          ; Configure OCW1, using OUT instruction(for each IR0-IR7) only   

 

STI      ; Set interrupt 

 
JMP $        ; Waiting for an interrupt  

ISR_NAME:                                      ; Interrupt Service Routine ; for each interrupt( IR0-IR7 and NMI) 

 

OCW2:          ; Configure OCW2, using OUT instruction ( if Normal EOI is selected)   

   

  IRET       ; Return to main routine 

 

CODE  ENDS 

  END START 

 

 
 

MOV AX, 0 

MOV ES, AX 

MOV BX, Vec*4 

MOV ES:WORD PTR[BX], OFFSET ISR_NAME 

MOV ES:WORD PTR[BX+2],CS 
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