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8051 Assembly Language Programming
Chapter Objectives

oList the registers of the 8051 microcontroller
Manipulate data using the registers and MOV instructions

*Code Simple 8051 Assembly Language Instructions

*Assemble and run an 8051 program
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8051 Assembly Language Programming
Inside the 8051

Registers

Some 8 Bit Registers
of the 8051 C
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8051 Assembly Language Programming
Inside the 8051

Registers...

8 Bit Data Register

AN

16 Bits Wide

A
4 h

DPTR (Data Pointer)

PC__ PC(Progam Counter) |
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8051 Assembly Language Programming
Inside the 8051

 The 8051 C consists of 2 main Instructions (MOV and
ADD)

MOV Iinstruction copies data from one location to another.

Format:
MOV destination, source ;copy source to dest.

* The instruction tell the CPU to “copy” the source operand
to the destination operand.

Example:

*MOV A, RO” copies the contents of register RO to register A.

5
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8051 Assembly Language Programming
Inside the 8051: MOV Instruction...

o After this instruction is executed, register A will have the
same value as register RO.

MOV Instruction does not affect the source.

*Next slide shows an example program using the MOV

Instruction
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N 8051 Assembly Language Programming
— Inside the 8051: MOV Instruction...

Example Assembly Code:
Program first loads register A with value 55H (that is 55 in hex), then
moves this value around to various registers inside the CPU.

MOV A, #55H ; load value 55H into reg. A

MOV RO, A , copy contents of A into RO
; (now A =R0=55H)

MOV R1, A , copy contents of A into R1
; (now A=R0=R1=55H)

MOV R2, A , copy contents of A into R2
- now A=R0=R2=55H

MOV R3, #95 ; load value 95H into R3
; (now R3=95H)

MOV A, R3 ; copy contents of R3 into A
: now A=R3=95H

Note: The “#” in the instruction signifies it's a value.
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— 8051 Assembly Language Programming
— Inside the 8051: MOV Instruction...

 When programming the 8051 microcontroller, the
following points should be noted:

1. Values can be loaded directly into any of registers A, B,
or RO-R7. However, to indicate that it's an immediate
value, it must be preceded with a pound (#).

See next slide showing example of Immediate Addressing.
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8051 Assembly Language Programming
Inside the 8051: MOV Instruction...

Example of Immediate Assembly Code:

MOV A, #23H ; load value 23H into reg. A (A=23H)
MOV RO, #12H ; load 12H into RO (RO=12H)

MOV R1, #1FH ; load 1FH into R1 (R1=1FH)

MOV R2, #2BH ; load 2BH into R2 (R2=2BH)

MOV B, #3CH ; load 3CH into B (B=3CH)

MOV R7, #9DH ; load 9DH into R7 (R7=9DH)
MOV R5, #0F9H  ; load F9H into R5 (R5=F9H)
MOV R6 #12 ; load 12 decimal (OCH)

; Into reg. R6 (R6=0CH)

Notice in instruction “MOV R5, #0F9H" that is O is used between the # and
F to indicate that F is a hex number and not a letter. Other words “MOV
R5, #F9H” will cause and error.
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8051 Assembly Language Programming
Inside the 8051: MOV Instruction...

2. If Hex values “0” to “F” are moved into an 8bit register,
the rest of the bits are assumed to be all zeros.

Example:
MOV A, #5 ; result will be A =05
; binary equvalent is
; A =00001001

3. Moving a value that is too large into a register will cause
an error.
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8051 Assembly Language Programming
Inside the 8051: MOV Instruction...

Example of Moving a value that is too large into a register:

MOV A, #/F2H ; ILLEGAL: 7F2H >8 bits (FFH)
MOV R2, #456 ; ILLEGAL: 456 >255 decimal (FFH)

4. A value to be loaded into a register must be
preceded with a pound sign (#). It must be loaded from
a memory location.

Example:
MOV A, 17H

Means to move into A the value held in memory
location 17H, which could have any value.
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8051 Assembly Language Programming
Inside the 8051: MOV Instruction...

|n order to load the value 17H into accumulator we
must write “MOV A, #17H” with the # preceding the
number.

*Without a “#” sign will not cause an error by the
assembler since it is a valid instruction.

*Result would not be what the programmer intended:
especially for beginning programmers in the 8051.
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8051 Assembly Language Programming
Inside the 8051: ADD Instruction

The ADD has the following format:

Format:
ADD A, source ,;ADD the source operand
' to the accumlator

 The ADD Iinstruction tells the CPU to “add” the source
byte to register A and put the result in register A.

*To add 2 numbers such as 25H and 34H, each can be
moved to a register and then added together. operand to
the destination operand.
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8051 Assembly Language Programming
Inside the 8051: ADD Instruction...

Example of ADD Assembly Code:

MOV A, #25H ; load value 25H into A (A=25H)
MOV R2, #34H ; load 34H into R2 (R2=34H)
ADD A, R2 ; add R2 to accumulator

; (A=A+R2)

*Executing the program above results in A = 59H (25H+34H=59H).

*R2 = 34H

«Content of R2 doesn’t change

*Program is quite flexible, therefore, it can be written in several ways. See
next slide.
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8051 Assembly Language Programming
Inside the 8051: ADD Instruction...

Addition Assembly Code Example 2:

MOV R5, #25H ; load 25H into R5 (R5=25H)
MOV R7, #34H ; load 34H into R7 (R7=34H)
MOV A, #0 ; load 0 into A (A=0, clear A)
ADD A, R5 ; add to A content of R5

- where A =A+R5
ADD A, R7 . add to A content of R7

- where A=A+R7

*The program above results in 59H.
*There are always many ways to write the same program.
*Question: Is it necessary to move both data items into registers.

See next slide for answer & analysis.
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8051 Assembly Language Programming
Inside the 8051: ADD Instruction...

Addition Assembly Code Analysis:

MOV A, #25H ; load one operand into A (A=25)
ADD A, #34H ; add the second operand 34H to A

*\While one register contained one value, the second value followed the
Instruction as an operand.

*This is a called an immediate operand.

*The example code illustrated for the ADD instruction that the source
operand can be either a register or an immediate value.

*The destination must always be register A, the accumulator.

Invalid Instruction Example 1.:

ADD R2, #12H ; Note, register A is the accumulator is
; hot involved in the arithmetic operation.
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8051 Assembly Language Programming

Inside the 8051: ADD Instruction...

Invalid Instruction Example 2:

ADD R4, A ; Note, register A is not the testion of the
; arithmetic operation

To have a valid ADD Instruction the 8051 microcontroller must be involved
and be the destination for all arithmetic operations.
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8051 Assembly Language Programming

Introduction to 8051 Assembly Programming

*The CPU can process data in binary at high speed rates.

Humans can not process binary data at the speed rate of
a CPU because of dealing with “0s” and “1s”.

Machine language can handle “0s” and “1s” efficiently

and reliably.

*Early days of the Computer Industry, programmers used
Machine Language to carry out computation tasks.

*Hexadecimal Manipulation of binary data is a more
convenient for Humans than Machine Language.
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8051 Assembly Language Programming

Introduction to 8051 Assembly Programming

 Assembly Language was developed to provide
mnemonics for the machine code instructions, plus other
features that made programming faster and less prone to
error.

*The term mnemonic is frequently used in Computer

Science and Engineering Literature to refer to codes and
abbreviations that are relatively easy to remember.

*Assembly Language programs must be translated into
machine code by a program called an assembler.

*Assembly language is referred to as a low-level language
because it deals directly the CPU’s internal structure.
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8051 Assembly Language Programming

Introduction to 8051 Assembly Programming...

* To program in Assembly Language, the programmer
must know or be familiar the target microcontroller’'s CPU
registers and the size of each and other relevant details.

*There are several programming languages like BASIC,
Pascal, C, C++, Java and numerous others that
programmers can use.

*These languages are called high level languages
because the programmer doesn’'t have to be concern with
Internal details of the target microcontroller's CPU.
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8051 Assembly Language Programming

Introduction to 8051 Assembly Programming:

Software Development Tools

* An assembler is used to translate an Assembly language
program into machine code or object code (abbrev.as
opcode).

*High level languages are translated into machine code by
a program called a compiler.
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8051 Assembly Language Programming
Introduction to 8051 Assembly Programming:

Structure

* An Assembly language program consists of a series of
lines of microcontroller CPU instructional code.

*An Assembly language instruction consists of a
mnemonic, optionally followed by 1 or 2 operands.

*The operands are data items being manipulated and the
mnemonics are the commands to the microcontroller’s
CPU: telling it what to do!
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| 8051 Assembly Language Programming

I

iy
— Introduction to 8051 Assembly Programming:

Structure

Example Assembly Language Program:
ORG OH ; start (origin) at location O

MOV R5, #25H ; load 25H into R5 (R5=25H)
MOV R7, #34H ; load 34H into R7 (R7=34H)
MOV A, #0 ; load 0 into A (A=0, clear A)
ADD A, R5 ; add to A content of R5
- where A =A+R5
ADD A, R7 : add to A content of R7
: where A=A+R7
ADD A, #12H - add to A value 12H
- how A=A+12H
HERE: SIMP HERE ; stay in this loop
END - end of asm source file
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8051 Assembly Language Programming

Introduction to 8051 Assembly Programming:

S

Structure

« An Assembly language instruction consists of four fields.
[label:] mnemonic [operands] [;comment]

» Brackets indicate that a field is optional, and not all lines
have them.

*Brackets should not be typed in.
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8051 Assembly Language Programming

Introduction to 8051 Assembly Programming:
Structure

Regarding the previous format, the following points should be
noted.

1. The label field allows the program to refer to a line of code by by
name. The label field cannot exceed a certain number of
characters.

2.The Assembly language mnemonic (instruction) and operand(s)
fields perform the real work of the program and accomplish the
tasks for which the program was written.

3. The comment field begins with a semicolon comment indicator “;”

Comments may be at the end of a line or on a line by themselves.
The assembler ignores comments, but they are indispensable to
programmers.
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8051 Assembly Language Programming

Introduction to 8051 Assembly Programming:
Structure
Finally,

4. Any label referring to an instruction must be followed by a colon
symbol, “:” In the SIMP (short jump instruction), the 8051 is told to
stay in this loop indefinitely.
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8051 Assembly Language Programming
Q Assembling and Running an 8051 Program:

Steps to Creating a
Program
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8051 Assembly Language Programming

Assembling and Running an 8051 Program:

. An editor is used to type in the program

. The “asm” source file containing the program code created in Step
1 is fed to and 8051 Assembler. Note: An Assembler is used to
convert the instructions into machine code.

3. Assemblers require a 3" step called linking. The link program takes
one or more object files and produces and absolute object file with
the extension “abs”. Note: This abs file is used by 8051
trainers/development boards that a monitor program.

4. Next, the “abs” file is fed into a program called “OH” (object to hex
converter), which creates a file with extension “hex” that is burn
into ROM of the microcontroller.
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8051 Assembly Language Programming

Assembling and Running an 8051 Program:

Additional Notes on “asm” and “obj” files

1. The “asm” file is also called the source file.
2. Some assemblers require this file have the “src” extension.

3. This file is created with an editor such as DOS Edit or Windows
Notepad.

3. The 8051 assembler converts the “asm” files Assembly language
Instructions into machine language and provides the “obj” (object)
file.

4. A “.Ist” file is also created during the object file generation process
as well.
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8051 Assembly Language Programming

\;} Assembling and Running an 8051 Program:

Additional Notes on “asm” and “obj” files...=

. The Ist (list) file, which is optional, is very useful to the programmer

because it lists all the opcodes and addresses as well as errors
that the assembler detected.

. Many assemblers assume that the Ist file is not wanted unless
iIndicated to produce it.

3. This file is accessible by an editor or a hardcopy printed for review.

3. The Ist file is used to find syntax errors.

4. After correcting errors detected in the Ist file, can the program make
the obj file ready to be input to the linker program.
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I

m

Assembling and Running an 8051 Program:

Additional Notes on “asm” and “obj” files...

Example List File:
1 0000 ORG OH ; start (origin) at location O
2 0000 7D25 MOV R5, #25H apl@5H into R5 (R5=25H)
30002 7F34 MOV R7, #34H oadl34H into R7 (R7=34H)
4 0004 7400 MOV A, #0 ; load O into A (A=0, clear A)
50006 2D ADD A, R5 ; add to A content of R5
- where A =A+R5
6 0007 2F ADD A, R7 . add to A content of R7
: where A=A+R7
7 0008 2412 ADD A, #12H add to A value 12H
 now A=A+12H
8 000A 80FE HERE: SIMP HERE tay & this loop
9 000C END - end of asm source file
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8051 Assembly Language Programming
The Program Counter and ROM Space in the 8051

Program Counter (PC) in the 8051
« Another important register in the 8051 microcontroller

 The PC points to the address of the next instruction to be
executed. Note: CPU fetches the opcode from the program ROM,
PC is incremented to point to the next instruction.

3. The PC in the 8051 is 16bytes wide. Means: the 8051 can access
program addresses 0000 to FFFFH. A total of 64Kbytes of code.

4. Not all members of the 8051 C have the entire 64Kbytes of on-
chip ROM.

5. To see process of data manipulation in action, DEBUG ran in Step
Into mode is used.
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8051 Assembly Language Programming
The Program Counter and ROM Space in the 8051...

S

Where the 8051 C wakes up when it its powered up?

1. The C wakes up at memory address 0000H. Note: Powering Up
means applying V.. to the RESET pin

. The PC has the binary data value of 0000H in it. Note: The first
opcode it expects to be stored at ROM address is 0000H.

3. The first opcode must be burned into memory 0000H of program
ROM- looks for the first instruction when it is booted.

4. To achieve this , the ORG instruction in the source program is
shown first.
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8051 Assembly Language Programming
The Program Counter and ROM Space in the 8051...

ROM Memory Map in the 805 Family

byte

A — b}r‘*ﬂ —

0000
Memory Address 64Kbytes
Space

OFFF 16Kbytes
32Kbytes

8051
ATB9C51

3FFF
DS89C420/30

8051 On-Chip ROM
Address Range

DS5000-32
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Computer Architecture Basics
A Brief History of the 8051...

* At the time it was referred to as a “system on a chip”.

*The 8051 is an 8bit processor , meaning that the CPU can work on
only 8bits of data at a time.

sData larger than 8bits can be broken into 8bit pieces to be processed
by the CPU.

*Although the 8051 can have a maximum of 64K bytes of “on chip”
ROM, many manufacturers have put only 4K bytes on the chip.

*The 8051 became widely popular after Intel allowed other
manufacturers to make and market any flavor of the 8051 they please
so long as it remain code compatible with original 8051
microcontroller,
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Computer Architecture Basics
A Brief History of the 8051...

\.\.J
*The 8051 is the original member of the 8051 family.

|ntel refers to its MCS-51

*The DS89C450 is a 8051 microcontroller manufactured by Dallas
Semiconductor (Maxim)

MDE Trainer with a
DS89C450 microcontroller
on board
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Computer Architecture Basics
Criteria for choosing a microcontroller

*Speed: What is the highest speed that the microcontroller supports?
sPackaging: How many pins and size of the microcontroller?

*Power Consumption: Can the chip operate using low voltage and
how much current is depleted from the power supply.

*The amount of RAM and ROM on the chip.

* The number of I/0O pins and the timer on the chip.

*Ease of upgrade

*Piece Cost of the chip
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Computer Architecture Basics
Microcontroller Applications

HOME
*Appliances
eIntercom
*Telephones
eSecurity Systems
Garage Door Openers
*Fax Machines
*Home Computers
*TVs
«Camcorder

*Video Games




Computer Architecture Basics
Microcontroller Applications...

OFFICE
*Telephones
Computers

eSecurity Systems
*Fax machine
*Microwave

*Copier

sLaser Printer

eColor Printer

*Paging
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Computer Architecture Basics
Microcontroller Applications...

Auto
*Trip Computer
*Engine Control
*Air bag
*ABS
sInstrumentation
eSecurity System
sTransmission Control
*Entertainment
«Climate Control

*Cell Phones

D.Wilcher *Keyless Entry




