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(*) ViIsION ) MISSION

To produce competent engineering professionals M1: To provide strong fundamentals and

in the field of Electronics and Communication technical skills in the field of Electronics and

Engineering by imparting value based quality Communication Engineering through effective

technical education to meet the societal needs and teaching learning process.

to develop socially responsible citizens. M2: Enhancing employability of the students
by providing skills in the fields of VLSI,
Embedded systems, Signal processing, etc.,
through Centre of Excellence.
Ma3: Encourage the students to participate in co-
curricular and extra-curricular activities that
creates a spirit of social responsibility and

~ . leadership qualities.
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Program Specific Ouicomes (PS0s) Program Educational Objectives (PEOS)

After Successful Completion of Electronics an o i o
Y f P f PEO1: Graduates exhibit their innovative ideas
Communication Engineering Program
Students will be able to

1. Apply fundamental knowledge of core.

and management skills to meet the day to day
technical challenges.

Electronics and Communication Engineering PEO2: Graduates utilize their knowledge and

in the analysis, design and development of skills for the development of optimal solutions to

Electronics Systems as well as to interpret and the problems in the field of Electronics and

synthesize experimental data leading to valid Communication Engineering

conclusions.

- Exhibit the skills gathered to analyze, design, PEO3: Graduates exhibit good interpersonal

develop software applications and hardware skills, leadership qualities and adapt themselves
products in the field of embedded systems and for life-long Learning

allied areas.
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MICROCONTROLLERS Semester 4
Course Code BLC4D3A CIE Marks ol)
leaching Hours/Week(L:1:F) 3:0:0 SEE Marks | 50
l'otal Hours of Pedagogy 40 T'otal Marks| 100
LCredits 3 Exam Hours 3
Examunation typelSER) Iheory

Course objectives:
This course will enable students to:

» Understand the difference between Microprocessor and Microcontroller and embedded
microcontrollers.

» Analyze the basic architecture of 8051 microcontroller.

» Program 8051 microcontroller using Assembly Language and C.

» Understand the operation and use of inbuilt Timers/Counters and Serial port of 8051
» Understand the interrupt structure of 8051 and Interfacing IO devices using IYO ports of 8051.

Teaching-Learning Process(General Instructions)

The samples strategies, which the teacher can use to accelerate the attainment of the various
course outcomes are listed in the following:
1. Lecture method (L) does not mean only the traditional lecture method, but a

different type of teaching method may be adopted to develop the outcomes.
2. Show Video/animation tilms to explain the functioning of various techniques.

3. Encourage collaborative(Group)Learning in the class
4. Ask at least three HOTS(Higher-order Thinking) questions in the class, which

promotes critical thinking
5. Adopt Problem Based Learning (PBL), which fosters students™ Analytical kills, develop

thinking skills such as the ability to evaluate, generalize, and analyze information rather
than simply recall it.

6. Show the different ways to solve the same problem and encourage the students to
come up with their own creative ways to solve them.

7. Discuss how every concept can be applied to the real world and when that's possible,
it helps improve the students’ understanding.
Give Programming Assignments.

Klodule-T{#Hrs )

Microcontroller: Microprocessor Vs Microcontroller, Micro L1,L2
controller & Embedded Processors., Processor Architectures-Harvard WV
Princeton & RISC Vs CISC | 8051 Architecture- Registers, Pin diagram, 1/O
ports functions, Internal Memory organization. External Memory (ROM &
RAM) interfacing. {Text book 1-1.1,Text book 2-10,1.1,3.03.1.3.23.3 Text
book 3-Pg 5-9)

Module-2 (8 Hrs )

Instruction Set: 8051 Addressing Modes, Data Transter Instmuctions, | L1,L2
A rithmetic instructions, Logical Instructions, Jump & Call Instructions
Stack & Subroutine Instructions of 8051 (with examples in assembly
[anguage). (Text book 2- Chapter 5,6.7,8, Additional reading Refer
Texthook 3. Chapter 3 for combplete understandine of instructions with




Module-3 (8 Hrs )

Timers Counters & Serial port programming: LII_.JEL

Basics of Timers & Counters, Data types & Time delay in the B051 using
. Programming 8051 Timers, Mode 1 & Mode 2 Programming, Counter
Programming (Assembly Language only). (Text book 2- 3.4, Text book 1-
7.1,9.1,9.2)

Basics of Seral Communication., 8051 Connection o RS232,
Programming the 8051 to transfer data serially & to receive data serially
using C.{ Text book 2- 3.5, Text book 1- 10.1,10.2,10.3 except assembly
language programs, 10.5)

Module-4 (8 Hrs )

Interrupt Programming: Basics of Intermapts, 8051 Interrupts, Programming L1,L2,
Timer Interrupts, Programming Serial Communication Interrupts, Interrupt L3
Priority in 8051({Assembly Language only) { Text book 2- 3.6, Text book 1-
11.1,11.2,11.4, 11.5)

Module-5 (8 Hrs)

L'O Port Interfacing & PProgramming: IY'O Programming in 3051 C, LCD [L1,L2, L3
interfacing, DAC 08308 Intertacing, ADC 0804 interfacing, Stepper motor
interfacing, DIC motor control & Pulse Width Modulation (PWhHhI) using C
only. (Text book 1-7.2,12.1, 13.1,13.2, 17.2, 17.3)

Course outcome (Course Skill Set)

At the end of the course, students will be able to:

1. Dwescribe the difference between Microprocessor and Microcontroller, Types of
Processor Architectures and A rchitecture of 8051 Microcontroller.

2. Discuss the types of BE0O51 Microcontroller Addressing modes & Instructions with
Assembly Language Programs.

3. Explain the programming operation of TimersCounters and Serial port of
8051 Microcontroller.

4. Ilustrate the Interrupt Structure of 8051 Microcontroller & its programming.

5. Develop C programs to interface L0 devices with 8051 Microcontroller.

A ssessment Details (both CIE and SEE)

The weightage of Continuous Internal Evaluation (CIE) is 509 and for Semester End Exam (SEE)is

50%.The minimum passing mark for the CIE is 40%of the maximum marks(20marks out of 50) and for

the SEE minimum passing mark is 35% of the maximum marks (18 out of 50 marks). The student is
declared as a pass in the course if he/she secures a minimum of 40% (40 marks out of 100) in the sum
total of the CIE (Continuous Internal Evaluation) and SEE (Semester End Examination) taken together.

Continuous Internal Evaluation:

[0 There are 25marks for the CIE's Assignment component and 25 for the Intermal Assessment Test
component.

0 Each test shall be conducted for 25marks.The first test will be administered after 40-50% of the
coverage of the syllabus, and the second test will be administered after 85-90% of the coverage of]
the syllabus. The average of the two tests shall be scaled down to 25 marks

LI Any two assignment methods mentioned in the 220B2.4, if an assignment is project-based then
only one assignment for the courses hall be planned. The schedule for assignments shall be
planned properly by the course teacher. The teacher should not conduct two assignments at the end
of the semester if two assignments are planned. Each assignment shall be conducted for 25 marks.
(If two assignments are conducted then the sum of the two assignments shall be scaled down to 25
marks)

[0 The final CIE marks of the course out of 50 will be the sum of the scale-down marks of tests and|
assignment/s marks.

Internal Assessment Test guestion paper is designed to attain the different levels of Bloom’s|

taxonomy as per the outcome defined for the course.

Semester-End Examination:

Theory SEE will be conducted by University as per the scheduled timetable, with common question

papers for the course (duration 03 hours).

1. The question paper will have ten questions. Each question is set for 20marks.

2. There will be 2questions from each module. Each of the two questions under a module (with a

maximum of 3 sub-questions), should have a mix of topics under that module.

3. The students have to answer 5 full questions, selecting one full question from each module.

4. Marks scored shall be proportionally reduced to50 marks




Sugpested Learning Resources:
TEXT BOOKS
1. The “B051 Microcontroller and Embedded Systems — Using Assembly and C”,
Muhammad Ali Mazidi and Janice Gillespie Mazidi and Rollind. Mckinlay; Phi,
2006 f Pearson, 2006,
2.“The 8051 Microcontroller”, Kenneth j. Ayala, 39 edition, Thomson/Cengage
Learning.
3. “Programming And Customizing The 8051 Microcontroller” Myke Predko Tata
Mc Graw-Hill Edition 1999 {reprint 2003).
REFERENCEBOOKS:
1. “The 8051 Microcontroller Based Embedded Systems”, Manish K Patel,
McGraw Hill, 2014, ISBN: 978-93-329-0125-4.
2. “Microcontrollers: Architecture, Programming, Interfacing and System Design”™, Raj
Kamal, Pearson Education, 2005,

Web links and Video Lectures|e-Resources);
https:// youtu.be/pA 6KSNgW Tow 2si=z()qqe XQqS0dVL_-s
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Microprocessor

Read-Only Read-Write
Memory (ROM) Memoty

Serial

Microprotessor
SystemBus [nterface

1f0Port

Dr. Vijaya Kumar HR

Micro Controller

Read-Only Read-Write

Micracontroller
: Memory Memory

Timer 1/O Port Serial Interface

Associate. Professor, Dept. of ECE, AIT, Tumakuru

Microprocessor is heart of Computer system.

Micro Controller is a heart of embedded system.

It is just a processor. Memory and /O components
have to be connected externally

Micro controller has external processor along with
internal memory and i/O components

Since memory and I/0 has to be connected externally,
the circuit becomes large.

Since memory and 1/0 are present internally, the
circuit is small.

Cannot be used in compact systems and hence
inefficient

Can be used in compact systems and hence it is an
efficient technique

Cost of the entire system increases

Cost of the entire system is low

Due to external components, the entire power
consumption is high. Henee it is not suitable to used
with devices running on stored power like batteries.

Since external components are low, total power
consumption is less and can be used with devices
running on stored power like batteries.

Most of the microprocessors do not have power saving
features.

Most of the micro controllers have power saving modes
like idle mode and power saving mode. This helps to
reduce power consumption even further,

Since memory and I/0 components are all external,
each instruction will need external operation, hence it
is relatively slower.

Since components are internal, most of the operations
are internal instruction, hence speed is fast.

Microprocessor have less number of registers, hence
more operations are memory based.

Micro controller have more number of registers, hence
the programs are easier to write.

Microprocessors are based on von Neumann
model/architecture where program and data are stored
in same memory module

Miero controllers are based on Harvard architecture
where program memory and Data memory are separate

Mainly used in personal computers

Used mainly in washing machine, MP3 players




CISC

RISC

The original microprocessor ISA

Redesigned ISA that emerged in
the early 1980s

Instructions can take several
clock cycles

Single-cycle instructions

Hardware-centric design

—the ISA does as much as
possible using hardware

circuitry

Software-centric design

— High-level compilers take on
most of the burden of coding
many software steps from the
programmer

More efficient use of RAM than
RISC

Heavy use of RAM (can cause
bottlenecks if RAM is limited)

Complex and variable length
instructions

Simple, standardized
instructions

May support microcode (micro-
programming where
instructions are treated like
small programs)

Only one layer of instructions

Large number of instructions

Small number of fixed-length
instructions

Compound addressing modes

Limited addressing modes

Dr. Vijaya Kumar HR

Associate. Professor, Dept. of ECE, AIT, Tumakuru

Memory
Data + Code

Devices

Von Neumann

Program
Memory

Program/
Instruction
Address Bus

Data/
Variable
Address Bus

Data

I[e]
Devices

Harvard

Von-Neuman | Harvard

First digital computer architecture.
Introduced stored program concept

Computer architecture based on Harvard
Mark 1

One memory module for data and
instructions

Have different memory modules for data
and instructions.

common bus for data and instructions

Individual buses for data and instructions

CPU takes 2 clocks to execute one
instruction. Because fetch data before
executing an instruction.

Can execute instruction one clock cycle.

CPU can not fetch instructions and data
read/write at the same time.

CPU can not fetch instructions and data
read/write at the same time.

Slow

Fast




Criteria for Choosing a Microcontroller  Various versions of Microcontroller

Feature 8051 8052 8031

. hMeeting.the computing needs .Of the task at ROM (on-chip program i & e
and efficiently and cost effectively space in bytes)
* Speed RAM (bytes) 128 256 128
* Packaging Timers 2 3 2
* Power consumption I/0 pins 32 32 32
* The amount of RAM and ROM on chip Serial port 1 1 1
* The number of 1/O pins and the timer on Interrupt sources
chip

 How easy to upgrade to higher
performance or lower power-consumption
version

* Cost per unit

Dr. Vijaya Kumar HR
Associate. Professor, Dept. of ECE, AIT, Tumakuru



Applications of Microcontroller

Consumer electronics products: Toys, Camera, Robots, washing machine, Microwave ovens

Instrumentation and process control: Oscilloscopes, Multimeter, Leakage current tester, data acquisition and control.
Medical instruments: ECG, Blood measurements.

Communication: Cell phones, telephone sets, communication machines.

Office: Security system, FAX Machine, copier, printer, paging, intercom.

Auto: Engine control, air bag, security system, center locking system.

N o U kA W NoRE

Others: Cellular phones, traffic controller, musical instruments, camera, E voting machine etc.

Dr. Vijaya Kumar HR
Associate. Professor, Dept. of ECE, AIT, Tumakuru



Embedded system structure diagram

Analog- Digital-
Sensor to-digital ™ T:;f,sg to-ana'ogy Actuator
converter x converter
|
Memaory

« An embedded system is a combination of computer hardware and software designed for a specific function.
Embedded systems may also function within a larger system.

« The systems can be programmable or have a fixed functionality. Industrial machines, consumer electronics,
agricultural and processing industry devices, automobiles, medical equipment, cameras, digital watches,
household appliances, airplanes, vending machines and toys, as well as mobile devices, are possible locations
for an embedded system.

*  While embedded systems are computing systems, they can range from having no user interface (Ul) -- for example, on
devices designed to perform a single task -- to complex graphical user interfaces (GUIs), such as in mobile devices. User

interfaces can include buttons, LEDs (light-emitting diodes) and touchscreen sensing. Some systems use remote user
interfaces as well.

Dr. Vijaya Kumar HR
Associate. Professor, Dept. of ECE, AIT, Tumakuru


https://www.techtarget.com/searchapparchitecture/definition/user-interface-UI
https://internetofthingsagenda.techtarget.com/feature/Biometric-IoT-sensors-shape-the-future-of-user-interfaces
https://internetofthingsagenda.techtarget.com/feature/Biometric-IoT-sensors-shape-the-future-of-user-interfaces

Characteristics of embedded systems

The main characteristic of embedded systems
is that they are task-specific.

Additionally, embedded systems can include
the following characteristics: typically, consist
of hardware, software and firmware;

can be embedded in a larger system to
perform a specific function, as they are built for

specialized tasks within the system, not
various tasks;
can be either microprocessor-based or

microcontroller-based -- both are integrated
circuits that give the system compute power;
are often used for sensing and real-time
computing in internet of things (loT) devices,
which are devices that are internet-connected
and do not require a user to operate;

can vary in complexity and in function, which
affects the type of software, firmware and
hardware they use; and

are often required to perform their function
under a time constraint to keep the larger
system functioning properly.

Structure of embedded systems

Embedded systems vary in complexity but, generally,
consist of three main elements:

‘Hardware. The hardware of embedded systems is based
around Microprocessors and microcontrollers.
Microprocessors are very similar to microcontrollers and,
typically, refer to a CPU (central processing unit) that is
integrated with other basic computing components such as
memory chips and digital signal processors (DSPs).
Microcontrollers have those components built into one chip.
Software and firmware. Software for embedded systems
can vary in complexity. However, industrial-grade
microcontrollers and embedded loT systems usually run
very simple software that requires little memory.

‘Real-time operating system. These are not always
included in embedded systems, especially smaller-scale
systems. RTOS define how the system works by
supervising the software and setting rules during program
execution.

Dr. Vijaya Kumar HR
Associate. Professor, Dept. of ECE, AIT, Tumakuru


https://internetofthingsagenda.techtarget.com/definition/Internet-of-Things-IoT
https://www.techtarget.com/whatis/definition/digital-signal-processing-DSP

Basic embedded system would consist of
the following elements:

«Sensors convert physical sense data into
an electrical signal.

«Analog-to-digital (A-D) converters change
an analog electrical signal into a digital one.
‘Processors process digital signals and
store them in memory.

Digital-to-analog (D-A) converters change
the digital data from the processor into
analog data.

‘Actuators compare actual output to
memory-stored output and choose the
correct one.

The sensor reads external inputs, the
converters make that input readable to the
processor, and the processor turns that
information into useful output for the
embedded system.

Dr. Vijaya Kumar HR
Associate. Professor, Dept. of ECE, AIT, Tumakuru

Types of embedded systems

There are a few basic embedded system types, which differ
in their functional requirements. They are:

‘Mobile embedded systems are small-sized systems that
are designed to be portable. Digital cameras are an example
of this.

‘Networked embedded systems are connected to a
network to provide output to other systems. Examples
include home security systems and point of sale (POS)
systems.

-Standalone embedded systems are not reliant on a host
system. Like any embedded system, they perform a
specialized task. However, they do not necessarily belong to
a host system, unlike other embedded systems. A calculator
or MP3 player is an example of this.

‘Real-time embedded systems give the required output in
a defined time interval. They are often used in medical,
industrial and military sectors because they are responsible
for time-critical tasks. A traffic control system is an example
of this.



Embedded
Microcontroller

Dr. Vijaya KumarHR
Associate. Professor,
Dept. of ECE, AIT,
Tumakuru

2 An embedded product uses a
microprocessor (or microcontroller) to
do one task and one task only

> There is only one application software that

is typically burned into ROM

a2 A PC, in contrast with the embedded
system, can be used for any number of
applications
> It has RAM memory and an operating

system that loads a variety of applications
into RAM and lets the CPU run them

> A PC contains or is connected to various

embedded products

= Each one peripheral has a microcontroller inside
it that performs only one task

o Home

> Appliances, intercom, telephones, security systems,
garage door openers, answering machines, fax
machines, home computers, TVs, cable TV tuner,
VCR, camcorder, remote controls, video games,
cellular phones, musical instruments, sewing
machines, lighting control, paging, camera, pinball
machines, toys, exercise equipment

a Office

» Telephones, computers, security systems, fax
machines, microwave, copier, laser printer, color
printer, paging

o Auto
» Trip computer, engine control, air bag, ABS,

instrumentation, security system, transmission
control, entertainment, climate control, cellular
phone, keyless entry

o Many manufactures of general-purpose
microprocessors have targeted their
microprocessor for the high end of the
embedded market

» There are times that a microcontroller is
inadequate for the task

o When a company targets a general-
purpose microprocessor for the
embedded market, it optimizes the
processor used for embedded systems

o Very often the terms embedded
processor and microcontroller are used
interchangeably

o One of the most critical needs of an
embedded system is to decrease
power consumption and space

o In high-performance embedded
processors, the trend is to integrate
more functions on the CPU chip and let
designer decide which features he/she
wants to use

o In many cases using x86 PCs for the
high-end embedded applications
» Saves money and shortens development
time
= A vast library of software already written

= Windows is a widely used and well understood
platform



8051 Block Diagram .
Features of 8051 Microcontroller:

thmet - Special T _
e pod Function 5 e [C¥s  *4KB bytes on-chip program memory (ROM)
Logic Unit Reg:’t“ers = &€ | pob7
- 128 bytes on-chip data memory (RAM)
A 8 A kgl = 5 [ ‘Four register banks
—e 3 X3 § § — /0
' T «128 user defined software flags
DPTR i 8-bit bidirectional data bus
| DPL = = . - .
= < (—aga15  *16-bit unidirectional address bus
168Bit Address Bus i . .
0 «32 general purpose registers each of 8-bit
= o — interrupt .
&_ Syt Special & 3 [ e . 10 bit Timers (usually 2, but may have more
ALE—  Timing Bye/on Function — RDWR
PSEN —] Adiresses Registers v or less)
MU+ s Register E |
— egis | .
égng?i—- Tmers Bonk 3 ¥ [ *Three internal and two external Interrupts
PCON :
gl [Pl nca oo s E -Four 8-bit ports,(short model have two 8-bit
v TCON :
) ! Register TMOD . ports)
Dr. Vijaya | Bank 1 L0 )
KumarHR 1 =" THO : 16-bit program counter and data pointer
Associate. ! S : }1: ! _
Professor | : - 8051 may also have a number of special
’ : Internal RAM Structure :

Dept. of ECE, ----mmcmmmmmmm—a SN UEET o o e s o e o e -
AIT, Tumakuru

features such as UARTs, ADC, Op-amp, etc.



CPU of 8051: Registers are used in the CPU to store information on temporarily basis op
which could be data to be processed, or an address pointing to the data which is to be

fetched. In 8051, there is one data type is of 8-bits, from the MSB (most significant bit) A
D7 to the LSB (least significant bit) DO. With 8-bit data type, any data type larger than 8-

bits must be broken into 8-bit chunks before it is processed. The most widely used B
registers of the 8051 are A (accumulator), B, R0-R7, DPTR (data pointer), and PC RO
(program counter). All these registers are of 8-bits, except DPTR and PC. Bl
Accumulator: Aregister or Acc register: The accumulator, register A, is a 8 bit register L
and it is used for all arithmetic and logic operations. If the accumulator is not present, R3
then every result of each calculation (addition, multiplication, shift, etc.) is to be stored B4
into the main memory. Access to main memory is slower than access to a register like the

accumulator because the technology used for the large main memory is slower (but RS
cheaper) than that used for a register. R6
The "B" Register: The "B" register is very similar to the Accumulator in the sense that wid

it may hold an 8-bit (1-byte) value. The "B" register is used only by two 8051 8-bit Registers of ¢
instructions: MUL AB and DIV AB. To quickly and easily multiply or divide A by another
number, you may store the other number in "B" and make use of these two

instructions. Apart from using MUL and DIV instructions, the "B" register is often used DPTR DFH DFL

as yet another temporary storage register, much like a ninth R register.

PC PC

Dr. Vijaya Kumar HR . .
Associate. Professor, Dept. of ECE, AIT, Tumakuru 16-bit Registers of 8051



The Data Pointer: The Data Pointer (DPTR) is the 8051’s only user-accessible 16-bit (2-byte) register. The
Accumulator, RO—R7 registers and B register are 1-byte value registers. DPTR is meant for pointing to data. It is
used by the 8051 to access external memory using the address indicated by DPTR. DPTR is the only 16-bit register
available and is often used to store 2-byte values.

The Program Counter: The Program Counter (PC) is a 2-byte address which tells the 8051 where the next
instruction to execute can be found in the memory. PC starts at 0000h when the 8051 initializes and is
incremented every time after an instruction is executed. PC is not always incremented by 1. Some instructions
may require 2 or 3 bytes; in such cases, the PC will be incremented by 2 or 3.

The Stack Pointer (SP): The Stack Pointer, like all registers except DPTR and PC, may hold an 8-bit (1-byte) value.
The Stack Pointer tells the location from where the next value is to be removed from the stack. When a value is
pushed onto the stack, the value of SP is incremented and then the value is stored at the resulting memory
location. When a value is popped off the stack, the value is returned from the memory location indicated by SP,
and then the value of SP is decremented.

This order of operation is important. SP will be initialized to 07h when the 8051 is initialized. If a value is pushed
onto the stack at the same time, the value will be stored in the internal RAM address 08h because the 8051 wiill
first increment the value of SP (from 07h to 08h) and then will store the pushed value at that memory address
(08h). SP is modified directly by the 8051 by six instructions: PUSH, POP, ACALL, LCALL, RET, and RETI.

Dr. Vijaya Kumar HR
Associate. Professor, Dept. of ECE, AIT, Tumakuru



8051 Flag Bits and PSW Register

The program status word (PSW) register is an 8-bit register, also known as flag register. It is of 8-bit wide but only 6-
bit of it is used. The two unused bits are user-defined flags. Four of the flags are called conditional flags, which
means that they indicate a condition which results after an instruction is executed. These four
are CY (Carry), AC (auxiliary carry), P (parity), and OV (overflow). The bits RS0 and RS1 are used to change the

bank registers. The following figure shows the program status word register.

*CY, the carry flag — This carry flag is set (1) whenever there is

a carry out from the D7 bit. It is affected after an 8-bit addition or CY |AC | FO RS1| RSO| OV P
subtraction operation. It can also be reset to 1 or 0 directly by an

instruction such as "SETB C" and "CLR C" where "SETB" CY PSW.7 Carry ﬂag_

stands for_ &_‘,et bit carry and "CLR" star)ds for clear carry. AC PSW.8 Auxiliary carry ﬂag.

*AC, auxiliary carry flag - If there is a camry from D3 and D4 g pgw 5  Available to the user for general purpose
during an ADD or SUB operation, the AC bit is set; otherwise, it : s

is cleared. It is used for the instruction to perform binary coded RS1 E‘SW 4 Reg!Ster Bank selector b!t 1.

decimal arithmetic. R,%ﬁ» P‘»&EV,;S Register Bank selector bit 0.

-P, the parity flag — The parity flag represents the number of 1's oY #8%®:  Overflow flag.

in the accumulator register only. If the A register contains odd < T er-defnable tﬁ#

number of 1's, then P = 1; and for even number of 1's, P = 0. ; %ﬁ@g ¥ ; g ﬁg{

*QV, the overflow flag - This flag is set whenever the result of I%@Sﬁﬁ%ﬁ C‘?ﬁﬁ %bzﬁldlCﬁﬁ @n Oﬁiﬁ/i’évelﬁi

a signed number operation is too large causing the high-order bit
to overflow into the sign bit. It is used only to detect errors in
signed arithmetic operations.

RS1

1 Hmedn His o

RSO Register Bank Address
0 0 0 O0H - O7H
Dr. Vijaya Kumar HR 8 (1) ; ?gg : (1);:_-:
Associate. Professor, Dept. of ECE, AIT, Tumakuru 0 1 3 18H - 1FH




Instructions that affect flag bits

uﬂ“-l.r-- - =

Show the status of the CY, AC, and P flags after the addition of 38H and 2FH in the fol-
lowing instructions.
MOV A, #38H

ADD X X ADD A, #2FH ;after the addition A=67H, CY¥=0
ADDC X X Solution:
_SUBB X X 38 00111000
MUL 0 X +2F 00101111
DIV 0 X 67 01100111
DA X
RPC X CY = 0 since there is no carry beyond the D7 bit.
PLC X AC = | since there is a carry from the D3 to the D4 bit.
SETB C 3 P = | since the accumulator has an odd number of Is (it has five 1s).
CLR C 0 Example 2-3
CPLC X Sla :
ANL C. bit X Show the status of the CY, AC, and P flags after the addition of 9CH and 64H in the fol-
¥ lowing instructions.
ANL C, /bit X MOV A, #9CH
ORL C, bit X ADD A, #64H ;after addition A=00 and CY=1
ORL C, /bit X
MOV C, bit X Solution:
CINE X oC 10011100
+_64 01100100
100 00000000

Dr. Vijaya Kumar HR
Associate. Professor, Dept. of ECE, AlT,
Tumakuru

CY = | since there is a carry beyond the D7 bit.
AC = | since there is a carry from the D3 to the D4 bit.

P = 0 since the accumulator has an even number of 1s (it has zero 1s).




Data Memory (RAM) or Internal RAM
of 8051 Microcontroller: The Data
Memory or RAM of the 8051
Microcontroller stores temporary data
and intermediate results that are
generated and used during the normal
operation of the microcontroller. Original
Intel’'s 8051 Microcontroller had 128B of
internal RAM.

Three parts:

1. 4 Register bank.

2. Bit-addressable location or Special
function registers

3. General purpose or Scratch pad
registers.

Dr. Vijaya Kumar HR
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Bit-addressable
locations

Byte address

\

General purpose RAM

*h 8 REBEBLRTRESR

2R

Bank 3

Bank 2

Bank 1

Default register bank for R0O-R7




The 4 banks are named as BankO, Bank1, Bank2 and Bank3. Each Bank consists of 8 registers named as RO — R7. Each Register can be
addressed in two ways: either by name or by address. To address the register by name, first the corresponding Bank must be selected. In
order to select the bank, we have to use the RSO and RS1 bits of the Program Status Word (PSW) Register (RSO and RS1 are 3rd and 4th
bits in the PSW Register).

When addressing the Register using its address i.e., 12H for example, the corresponding Bank may or may not be selected. (12H
corresponds to R2 in Bank2). The next 16B of the RAM i.e., from 20H to 2FH are Bit — Addressable memory locations.

There are totally 128 bits that can be addressed individually using OOH to 7FH or the entire byte can be addressed as 20H to 2FH. For
example 32H is the bit 2 of the internal RAM location 26H.

The final 80B of the internal RAM i.e., addresses from 30H to 7FH, is the general purpose RAM area which are byte addressable. These
lower 128B of RAM can be addressed directly or indirectly.

The upper 128B of the RAM i.e., memory addresses from 80H to FFH is allocated for Special Function Registers (SFRs). SFRs control
specific functions of the 8051 Microcontroller. Some of the SFRs are 1/O Port Registers (PO, P1, P2 and P3), PSW (Program Status Word), A
(Accumulator), IE (Interrupt Enable), PCON (Power Control), etc.

SRFs Memory addresses are only direct addressable. Even though some of the addresses between 80H and FFH are not assigned to any
SFR, they cannot be used as additional RAM area. In some microcontrollers, there is an additional 128B of RAM, which share the memory

address with SFRs i.e., 80H to FFH. But, this additional RAM block is only accessed by indirect addressing.

Dr. Vijaya Kumar HR
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ACC

Accumulator

B B Register (for Arithmetic) FOH
DPH Addressing External Memory 83H
DPL Addressing External Memory §2H

IE Interrupt Enable Control ASH

IP Interrupt Priority BSH

PO PORT 0 Latch 80H

Pl PORT 1 Latch 90H

P2 PORT 2 Latch AOH

P3 PORT 3 Latch BOH

PCON Power Control 87H
PSW Program Status Word DOH
SCON Sertal Port Control O8H
SBUF Serial Port Data Buffer 99H
SP Stack Pointer 81H
TMOD Timer / Counter Mode Control 89H
TCON Timer / Counter Control 88H
TLO Timer 0 LOW Byte SAH
THY Timer 0 HIGH Byte SCH
TL1 Timer 1 LOW Byte S§BH
THI Timer 1 HIGH Byte §DH




Program Memory (ROM) of 8051 Microcontroller

In 8051 Microcontroller, the code or instructions to be executed are stored in the Program Memory, which is
also called as the ROM of the Microcontroller. The original 8051 Microcontroller by Intel has 4KB of internal
ROM.

Some variants of 8051 like the 8031 and 8032 series doesn’t have any internal ROM (Program Memory) and
must be interfaced with external Program Memory with instructions loaded in it.

Almost all modern 8051 Microcontrollers, like 8052 Series, have 8KB of Internal Program Memory (ROM) in the
form of Flash Memory (ROM) and provide the option of reprogramming the memory.

In case of 4KB of Internal ROM, the address space is 0000H to OFFFH. If the address space i.e., the program

addresses exceed this value, then the CPU will automatically fetch the code from the external Program
Memory.

The 30C31 Program MdMemory,

FEFF — FFEF
Lo
BYTES
ERTE AL
BYTES
F a
1oed =r EXTERMAL
OFFF
ar BYTES
. INTERMAL
Dr. Vijaya Kumar HR 0000 1 oaoo
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Description of the Pins :

*Pin 1 to Pin 8 (Port 1) —

Pin 1 to Pin 8 are assigned to Port 1 for simple /O operations. They
can be configured as input or output pins depending on the logic
control i.e. if logic zero (0) is applied to the I/0O port it will act as an
output pin and if logic one (1) is applied the pin will act as an input
pin. These pins are also referred to as P1.0 to P1.7 (where P1
indicates that it is a pin in port 1 and the number after ‘.” tells the pin
number i.e. O indicates first pin of the port. So, P1.0 means first pin of
port 1, P1.1 means second pin of the port 1 and so on). These pins
are bidirectional pins.

*Pin 9 (RST) -

Reset pin. It is an active-high, input pin. Therefore if the RST pin is
high for a minimum of 2 machine cycles, the microcontroller will reset
i.e. it will close and terminate all activities. It is often referred as
“power-on-reset” pin because it is used to reset the microcontroller
to it’s initial values when power is on (high).

Dr. Vijaya Kumar HR
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P1.0C
P1.1C

P1.2 [
P1.30C
P1.4C
P1.5C
P1.6C
P1.7C

RST [

(RXD) P3.0 O
(TXD) P3.1 C
(INTO) P3.2 C
(INT1) P3.3C
(TO) P3.4 C
(THP35C
(WR) P3.6 C
(RD) P3.7 C
XTAL2 O
XTAL1 O
GND O

O NOO SN -

©O

10

12
13
14
15
16
17
18
19
20

8051

40
39
38
37
36
35
34
33
32
31
30
29
28
27
26
25
24
23
22
21

] VvCC

] P0.0 (ADD)
1 P0.1 (AD1)
] PO.2 (AD2)
] P0.3 (AD3)
] PO.4 (AD4)
1 PO.5 (ADS)
] P0.6 (ADB)
1 P0.7 (AD7)
] EA/VPP

] ALE/PROG
] PSEN

1 P2.7 (A15)
] P2.6 (A14)
] P2.5 (A13)
] P2.4 (A12)
1 P2.3 (A11)
] P2.2 (A10)
1 P2.1 (A9)
(] P2.0 (A8)

40 - PIN DIP




*Pin 10 to Pin 17 (Port 3) -
Pin 10 to pin 17 are port 3 pins which are also referred to as P3.0 to P3.7. These pins are similar to port 1 and can be used as
universal input or output pins. These pins are bidirectional pins. These pins also have some additional functions which are as
follows:
 P3.0(RXD):
10th pin is RXD (serial data receive pin) which is for serial input. Through this input signal microcontroller receives data
for serial communication.
 P3.1(TXD):
11th pin is TXD (serial data transmit pin) which is serial output pin. Through this output signal microcontroller transmits
data for serial communication.
 P3.2and P3.3 (INTO’, INT1'):
12th and 13th pins are for External Hardware Interrupt O and Interrupt 1 respectively. When this interrupt is
activated(i.e. when it is low), 8051 gets interrupted in whatever it is doing and jumps to the vector value of the
interrupt (0003H for INTO and 0013H for INT1) and starts performing Interrupt Service Routine (ISR) from that vector
location.
e P3.4andP3.5(T0and T1):
14th and 15th pin are for Timer 0 and Timer 1 external input. They can be connected with 16 bit timer/counter.

 P3.6 (WR’):
16th pin is for external memory write i.e. writing data to the external memory.
 P3.7(RD’):

17th pin is for external memory read i.e. reading data from external memory.

Dr. Vijaya Kumar HR
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+Pin 18 and Pin 19 (XTAL2 And XTAL1) -

These pins are connected to an external oscillator which is generally a quartz crystal oscillator. They are used to provide an external
clock frequency of 4MHz to 30MHz.

c2

\ XTAL 2
| 1
30pF u
30pF
% 1
vl XTAL 1
c1
- GND

*Pin 20 (GND) -
This pin is connected to the ground. It has to be provided with OV power supply. Hence it is connected to the negative terminal of
the power supply.

*Pin 21 to Pin 28 (Port 2) —

Pin 21 to pin 28 are port 2 pins also referred to as P2.0 to P2.7. When additional external memory is interfaced with the 8051
microcontroller, pins of port 2 act as higher-order address bytes. These pins are bidirectional.

*Pin 29 (PSEN) —
PSEN stands for Program Store Enable. It is output, active-low pin. This is used to read external memory. In 8031 based system
where external ROM holds the program code, this pin is connected to the OE pin of the ROM.

Dr. Vijaya Kumar HR
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‘Pin 30 (ALE/ PROG) -

ALE stands for Address Latch Enable. It is input, active-high pin. This pin is used to distinguish between memory
chips when multiple memory chips are used. It is also used to de-multiplex the multiplexed address and data
signals available at port 0.During flash programming i.e. Programming of EPROM, this pin acts as program pulse
input (PROG).

‘Pin 31 (EA/ VPP) —

EA is active low pin and stands for External Access input. It is used to enable/disable external memory interfacing.
In 8051, EA is connected to Vcc as it comes with on-chip ROM to store programs. For other family members such
as 8031 and 8032 in which there is no on-chip ROM, the EA pin is connected to the GND

*Pin 32 to Pin 39 (Port 0) —

Pin 32 to pin 39 are port 0 pins also referred to as P0.0 to P0.7. They are bidirectional input/output pins. They
don’t have any internal pull-ups. Hence, 10 K? pull-up registers are used as external pull-ups. Port O is also
designated as ADO-AD7 because 8051 multiplexes address and data through port 0 to save pins.

*Pin 40 (VCC) -

This pin provides power supply voltage i.e. +5 Volts to the circuit.

+Vee

%‘Lé ) % Ty 8051 doesn't have internal pull-up

i resistor. Generally we use external pull up
resistor on Port0 of 8051 microcontroller. We
use resistor of 10k connected to pins and
VCC. Or we use 10k resistor array to do that,
the reason is because 8051 microcontroller
doesn't have internal pull up resistor on port0

PO.0O
PO.1
PO.2
PO.3
P0.4
PO.5
P0.6
PO.7

o +H 0T

= O OwW

pull-up resistors = 10k

Dr. Vijaya Kumar HR
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Interfacing External Memory with 8051 Microcontroller

It is always good to have an option to expand the capabilities of a Microcontroller, whether it is in terms of
Memory or 10 or anything else. Such expansion will be useful to avoid design throttling. We have seen that a
typical 8051 Microcontroller has 4KB of ROM and 128B of RAM (most modern 8051 Microcontroller variants
have 8K ROM and 256B of RAM).

The designer of an 8051 Microcontroller based system is not limited to the internal RAM and ROM present in
the 8051 Microcontroller. There is a provision of connecting both external RAM and ROM i.e., Data Memory
and Program.

The reason for interfacing external Program Memory or ROM is that complex programs written in high — level

languages often tend to be larger and occupy more memory.

Another important reason is that chips like 8031 or 8032, which doesn’t have any internal ROM, have to be
interfaced with external ROM.

A maximum of 64KB of Program Memory (ROM) and Data Memory (RAM) each can be interface with the
8051 Microcontroller.

An important point to remember when interfacing external memory with 8051 Microcontroller is that Port O
(PO) cannot be used as an 10 Port as it will be used for multiplexed address and data bus (AO — A7 and DO —
D7). Not always, but Port 2 may be used as higher byte of the address bus.

In this tutorial, we have seen the 8051 Microcontroller Memory Organization, Program Memory, Data
Memory, Internal ROM and RAM and how to interface external Memory (ROM and RAM) with 8051

Microcontroller. Dr. Vijaya Kumar H R
Associate. Professor, Dept. of ECE, AIT, Tumakuru



Address Bus

d:

73 -

A Register
Internal
MOV A, @RI RAM
MOV A, Direct
RO or R1 > Extemal
RAM
MOVX A, @Ri
>~
MOV A, @DPTR
DPTR >
MOV C A @A 4+ DPTR
DPTR + A
MOVC A, @A+ PC
PC+A

Figure Addressing MOV, MOVC and MOVX instructions

Intemal
and Exilernal
ROM

Dr. Vijaya Kumar HR
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Interfacing External Memory (Ram And Rom) With 8051

PO

ALE

8051
MICROCONTROLLER

PSEN

AD (0-7)

RAM
(64K)

Data (0-7)

o L
=
2w

S —— _4

A8-15

Address (0-7)

ROM
(64K)

Address (8-15)

OE

Dr. Vijaya Kumar HR
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The memory types are illustrated in the following graphic. They are: On-Chip Memory, External Code Memory, and External RAM.

On-Chip Memory refers to any memory (Code (4K), RAM(128)BYTES, or other) that physically exists on the microcontroller itself. On-chip
memory can be of several types, but we'll get into that shortly.

External Code Memory is code (or program) memory that resides off-chip. This is often in the form of an external EPROM.

External RAM is RAM memory that resides off-chip. This is often in the form of standard static RAM or flash RAM.

Code Memory: Code memory is the memory that holds the actual 8051 program that is to be run. This memory is limited to 64K and
comes in many shapes and sizes: Code memory may be found on-chip, either burned into the microcontroller as ROM or EPROM. Code
may also be stored completely off-chip in an external ROM or, more commonly, an external EPROM. Flash RAM is also another popular
method of storing a program. Various combinations of these memory types may also be used--that is to say, it is possible to have 4K of
code memory on-chip and 64k of code memory off-chip in an EPROM. When the program is stored on-chip the 64K maximum is often
reduced to 4k, 8k, or 16k. This varies depending on the version of the chip that is being used. Each version offers specific capabilities and
one of the distinguishing factors from chip to chip is how much ROM/EPROM space the chip has. However, code memory is most
commonly implemented as off-chip EPROM. This is especially true in low-cost development systems and in systems developed by
students. Programming Tip: Since code memory is restricted to 64K, 8051 programs are limited to 64K. Some assemblers and compilers
offer ways to get around this limit when used with specially wired hardware. However, without such special compilers and hardware,
programs are limited to 64K.

External RAM As an obvious opposite of Internal RAM, the 8051 also supports what is called External RAM. As the name suggests,
External RAM is any random access memory which is found off-chip. Since the memory is off-chip it is not as flexible in terms of accessing,
and is also slower. For example, to increment an Internal RAM location by 1 requires only 1 instruction and 1 instruction cycle. To
increment a 1-byte value stored in External RAM requires 4 instructions and 7 instruction cycles. In this case, external memory is 7 times
slower! What External RAM loses in speed and flexibility it gains in quantity. While Internal RAM is limited to 128 bytes (256 bytes with an
8052), the 8051 supports External RAM up to 64K

Dr. Vijaya Kumar HR
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FFFFH

1000H
OFFFH

0000H

-

e

60 KB External

4 kb Extemnal

8051

PO

ALE

VP2

FFFFH

.« EA=0 Access

+———O0R—»

- EA=1 Access

Co0oH

64 Kb External

Do
D7

L,

v

TOA®»=r

::> AD
A7
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AB
Al5

ROM/EROCM

*The program fetches to addresses 0000H through
OFFFH are directed to the internal ROM in the 8051
when the EA pin is attached to Vcc, and program
fetches to addresses 1000H through FFFFH are directed
to the external ROM/EPROM. When the EA pin is
grounded, all addresses fetched by the program (0000H
to FFFFH) are led to it.. ROM/EPROM that is external to
the device.

*As seen in Fig. NEXT PAGES, the PSEN signal is used to
trigger output e external ROM/EPROM. Port O is used
as a multiplexed address/bus, as seen in Fig.

‘In the initial T-cycle, it provides a lower order 8-bit
address, and later it is used as a data bus. The external
latch and the ALE signal provided by the 8051 are used

to latch the 8-bit address.

‘Remote  ROM/EPROM(Read Only Memory/Electronic
Programmable ROM/Electronic Programmable
ROM/Electronic Program The PSEN signal is used to activate
output e external ROM/EPROM.

‘ort 0 is used as a multiplexed address/bus. It supplies a
lower-order 8-bit address in the first T-cycle and later serves
as a data bus. The 8-bit address is latched using the external
latch and the ALE signal given bv the 8051.



External data memory (RAM)

- External data memory is read or write memory. Since external data memory is indirectly accessed through a
data pointer register, DPTR (which must be loaded with an address), it is a slower process compared to
accessing the internal data memory.

* Note that the additional 128 bytes of memory is interfaced with RAM by the use of RD read signal, RD = 1 (is
active) when reading bytes from the external data memory (RAM). The command used to access data from
external RAM is,

v /0 /N

Fort 2
Dr. Vijaya Kumar HR

timing waveform for external data memory write cycle Associate. Professor, Dept. of ECE, AIT, Tumakuru




«1External Interrupt 0 is 0003H, Timer 0 is 000BH, External Interrupt 1 is 0013H, Timer 1 is 001BH, and so on. If
an interrupt is to be used, the operation routine for it must be in the same place as the interrupt. If the interrupt
Isn’t used, the service location may be used as general-purpose program memory.

In this operation, it will copy the contents of the

_/

MOVX A, @R _
@Rp external address in Rp to A.
PSEL |
MOVX A. @DPTR Copy the contents of the external address in
DPTR to A. \ /
RD
MOVX @Rp. A Copy data from A to the external address in Rp
MOVX DPTR, A Copy data from A to the external address in DPTR
AB--A15 From DPH AB--A15 From PCH

Port 2

timing waveform for external data memory read cycle

Dr. Vijaya Kumar HR
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i. External ROM (program memory) Interfacing  Dr.VijayaKumarHR
Associate. Professor, Dept. of ECE, AIT, Tumakuru

<“:§ Pl PO < > Do=-D3
i \L Ran
= :>_ | ROM/
8051 LATCH 2, | EPROM
LR clock >
53 :> Ag | Address
<:> | lines
pz Ais
7
PSER o lle) 4

FIGURE 1 INTERFACING OF ROM/EPROM TO uC 8051.

above figure shows how to access or interface ROM to 8051.

port 0 is used as multiplexed data & address lines.

it gives lower order (A;-Ap;) 8 bit address in initial T cycle & higher
order (Ag-A,s) used as data bus.

8 bit address is latched using external latch & ALE signal from 8051.

port 2 provides higher order (A;s-Az) 8 bit address.

PSEN 1is wused to activate the output enable signal of external
ROM/EPROM.



Example 2: Design a pController system using 8051.Interface the external ROM of

size 4k x 8.
Solution: Given, Memory size: 4k

Dr. Vijaya Kumar HR

that means we require 27°=4k :: n address lines

here n=12 :: Ay to A,;; address lines are regquired.

remaining lines Ag, BAc, Az, As & PSEN are connected though OR gate to CS &
RD of external ROM.

when A; to Ay, are low (logic Y0’'), only then external ROM is selected.
Address Decoding (Memory Map) for 4k x 8 RAM.

Address BAis RAja Ajx Ajo By BAip Ag As A5 As As A, Ay A, A, Ap HEX
adrs.

starting () o o O 0 0 0o 0 0 X 0= D 0 0 X D O000H

end 0 0 O 0 1 1 (e 1 ¥ Xk K 1 1 1 71 OFFFH

Vss

| . PO.7 :>
EA |
P0O.0 |
__J\> 7418373 N Ba-Re

D7-Dgy

ALE > G oc 4k x 8
8051 ROM
P2.0
I Bg—Dii
P2.5
P2.6 —r
PSEN > CS
P3.6
s - ,f\cuv_ate Windo:
Go to Settinfs to acti

FIGURE 6 4K X 8 MEMORY (RCM) INTERFACING TO upC 8051.
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ii. External RaM (data memory) Interfacing

<— ez Do |data
PO <: > | Fslines
D+
N\ RAM
ALE clock. :,\l/ '
Aa address
 C— > 1ANes
>
$r-

FIGURE 2 INTERFACING OF RAM({(DATA MEMORY) TO npC 8051.

above figure shows how to connect or interface external R2AM (data
memory) to 8051.

peort 0O is used as multiplexed data & address lines.

address lines are decoded using external latch & ALE signal from 8051
to provide lower order (A7-2A0) address lines.

port 2 giwves higher order address lines.

RD & WR signals from 8051 selects the memory read & memory write

operations respectively.

RD & WR signals: generally P3.6 &§ P3.7 pins of port 3 are used , ) T A/ i
to generate meamory read and memory write fvate Windai
signals. GO Settings 1o ai

remaining pins of port 3 i.e. P3.0-P32.5 can be used for other
functions.

Dr. Vijaya Kumar HR
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Exampleae 1l: Design a pController system using 8051.Interface the external RaM
of size 16k x 8.
Solution: Given, Memory size: 16k

that means we reqgquire 2°=16k :: n address lines

here n=14 :: Ap to Aixz address lines are reqgquired.

Ay and A, are connected through OR gate to CS pin of external RAM.

when 2:;s and Axs both are low (logic ‘0'), external data memory (RAM) is

selected.
Address Decoding (Memcocry Map) for 16k x 8 RAM,.
Address Bis Bi1a A1z Asz A1 Aip As As A7 As As A Az A A A HEX
adrs.
starting 0 O 0 O O O 0O O 0 0 O 0O O O 0 O O0O00H
end 0 0 1 i ¥ f 1 3 I | 1 £ 1 1 1 1 1 1 SFFFH
V==
| PO.7 > D7-D0
EA I
PO.O
| > 7418373 A A7-mO
ALE » o oc 16k x B
8051 il RAM
P2.0 T
I > AS8-A13
P2.5
P2 .6
>
P2.7 cs
PSEN |—m—
P3.6 WER
P3.7 RD Aclkivate Wind
FIGURE 5 16K X 8 MEMORY (RAM) INTERFACING TO pC B051.0 (0O Settingst

Dr. Vijaya Kumar HR
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Exampla 3: Design a pController system using 8051, 16k bytes of ROM & 32k

bytes of RAM. Interface the memory such that starting address for ROM is

OO00H & RAM is 8000H.

Solution: Given, Memory size- ROM : 16k
that means we require 2°=16k :: n address lines
here n=14 :: Ap; to Az address lines are required.

Al14,215,PSEN —» ORed —= CS

Dr. Vijaya Kumar HR
when low — ROM is selected. j Associate. Professor, Dept. of ECE, AlIT,

Tumakuru

Memory size- RAM :32k
that means we require 2"=32k :: n address lines
here n=15 :: Ap to A;; address lines are required.

Al5S — inverted (NOT Gate) —%* (S

when high— RAM is selected. j

PSEN is used as chip select pin ROM,
RD is used as read control signal pin. for -RAM
WR is used as write control signal pin. sSlection.

Activate Winu

|'—ﬂ|'-| T C.i:.+|'7(~||"r fl'.l



Address Decoding {(Memory Map) for 16k x 8 ROM,
Address RBis Ara A1z Aaz A1 Rio As As A, As As Aa A; Az A Ao HEX
adrs.
starting 0 O 0 0 (8] 0 o 0 O 0O O 0O O 0O 0O O O0O00H
end 0 0 1 1 1 £ 1 1 1 1 1 1 1 1 1 1 3FFFH
Address Decoding (Memory Map) for 32k x 8 RAM.
Address Bais RAra Az Aao A1 Aio As As A5 As As R A3 Az A Ap HEX
adrs.
starting 1 O (9] 8] 0 0 0O O 0 O O 0O O 0 O O 8000H
end g | 1 1 1 1 1 1 1 1 1 1 SR b i d £ 1 1 FFFFH
Vecc Vecc
Vss T T
i L PO.7 < > D7-DO D7-DO
EA |
PO.O
L:) 7418373 ) »7-RO :-> A=A
ALE L 3l G Yalal 16k x 8B 32k x 8
8051 ROM RAM
P2.0 =
, > A8-A13 ::>~ A8-A13
P2.5
P2 - 6 —_— To T
PZ2.7 ™ CS By CS(Al5)
TSEN —ld_'/ s :;_6 Ala
P3.6 — R D —— ot
RD WR
P3.7

Activatel Wind:«

(

- —

FIGURE 7 16K X B ROM AND 32K X 8 RAM INTERFACING TO pC 8S051.
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Exampla 4:Design a pController system using 8051, 8k bytes of program ROM &
8k bytes of data RAM, Interface the memory such that starting address for
ROM is O0OOOH & RAM is ECOOOH.
Solution: Given, Memory size- RCM : Bk

that means we require 2°=8k :: n address lines

here n=13 :: Ap to Az address lines are required.

Al13,A14,A15,PSEN —» ORed —» CS Dr. Vijaya Kumar H R

Associate. Professor, Dept. of ECE, AIT, Tumakuru

when low — program ROM is selected. l

Memory size- RAM :8k
that means we require 2°=8k :: n address lines
here n=13 :: A, to A;; address lines are required.

A13,A14,A15 ——» NANDed —* CS

when high- data RAM is selected. j

PSEN is used as chip select pin ROM.
RD is used as read control signal pin. for -RAM
WR is used as write control signal pin. sglactico,




Address Decoding (Memory

VSL

Map) for 8k x 8 ROM.

Dr. Vijaya Kumar HR
Associate. Professor, Dept. of ECE, AIT, Tumakuru

Address Bis Ai1q A1z Aiz A31 Ao As As A7 As As Ag Ax A A1 Ao HEX
adrs.
starting 0 o 0 0 0 0 0O 0O O 0O O 0 0 0O 0O O O000H
end 0 Q 0 1 s 1 a g | al} s 1 1 1 1 1 1 1FFFH
Address Decoding (Memory Map) for 8k x 8 RAM.
Address Bis Bra Az Ailo A1y Arp Acs As 25 As As Aa A3 A Ay Ap HEX
adrs.
starting 1 1 1 0 0 0 0O 0O o 0O O 0O 0 0O 0O O EQOQOQOH
end i 1 1 1 8 1§ 1 o I [ 1 X £ 1 1 1 1 X £ 1 FFEFFH
VCCT VCCT
. PO.7 < ™ Di-Do > D+-Da
EA |
PO.O
| 74ns373 E:) By—Re Ao—Ra
8051 = ROM RAM
PZ2.0
| > Bo—-B,2 Dg—DBia
PZ.4 Ta
P2.5 92-7|_
P2.6 | ¥ CS o } cs
p2.7 IT2—" g
PSEN — 22_.5
P3.6 —t RD
WK RD
P3.7 . =
»iL:tlva 2 Windov
Go to Seftings to acti
FIGURE 8 BK X 8 ROM AND 8K X 8 RAM INTERFACING TO nuC B051.
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