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Microcontroller Laboratory Manual

MICROCONTROLLER LABORATORY

Lab Hours/ Week : 3 Hours CIE Marks :50
Sub. Code : 4CSLO2 SEE Marks :50
Credits :1.5 SEE Duration : 3 Hours

Course Objectives:

1. Exhibit the knowledge of architecture and pin outs of 8051 microcontroller.
Analyze and Apply 8051 instruction set to develop assembly language programs for illustrating
different types of operations.

3. Develop the ability to program 8051 microcontroller using embedded C.

4. Exhibit skills of developing embedded C code for I/O port programming and Timer/counter
programming.

5. Interface 8051 to Logic controller, LCD, Seven segment display, Keyboard, DAC, Stepper motor
and Elevator.

Course Outcomes (COs):

CO1: Apply different 8051 microcontroller instructions to develop assembly language code for
illustrating data transfer and arithmetic operations using Keil tool.

CO2: Design and develop assembly language program for 8051 using different branch control
instructions in Keil.

CO3: Apply Embedded C concepts to develop code for 8051 microcontroller using modern tool like Keil.

CO4: Design and develop code for interfacing different modules like Logic controller, Seven segment
display, Keypad, DAC, Elevator with 8051 using embedded C with Keil and Flash Magic tools.
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Vision of the Department

To work towards the vision of the institution by building a strong teaching and research environment

that is capable of responding to the challenges of the 21st century.

Mission of the Department

To prepare under graduate, graduate and research students for productive careers in industry, academia

and entrepreneurship through comprehensive educational programs, research in collaboration with

industry & government, incubating innovative ideas, dissemination by scholarly publications and

professional society /co-curricular activities.

Program Outcomes (POs):

1

10.

Engineering knowledge: Apply the knowledge of mathematics, science, engineering
fundamental's, and an engineering specialization to the solution of complex engineering problems.
Problem analysis: Identify, formulate, review research literature, and analyze complex
engineering problems reaching substantiated conclusions using first principles of mathematics,
natural sciences, and engineering sciences.

Design/development of solutions. Design solutions for complex engineering problems and
design system components or processes that meet the specified needs with appropriate
consideration for the public heath and safety, and the cultural, societal, and environmental
considerations.

Conduct investigations of complex problems: Use research-based knowledge and research
methods including design of experiments, analysis and interpretation of data, and synthesis of the
information to provide valid conclusions.

Modern tool usage: Create, select, and apply appropriate techniques, resources, and modern
engineering and IT tools including prediction and modeling to complex engineering activities
with an understanding of the limitations.

The engineer and society: Apply reasoning informed by the contextual knowledge to assess
societal, health, safety, legal and cultura issues and the consequent responsibilities relevant to the
professional engineering practice.

Environment and sustainability: Understand the impact of the professional engineering solution
in societal and environmental contexts, and demonstrate the knowledge of, and need for
sustainable devel opment.

Ethics: Apply ethical principles and commit to professional ethics and responsibilities and norms
of the engineering practice.

Individual and team work: Function effectively as an individual, and as a member or leader in
diverse teams, and in multidisciplinary settings.

Communication: Communicate effectively on complex engineering activities with the
engineering community and with society at large, such as, being able to comprehend and write
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effective reports and design documentation, make effective presentations, and give and receive
clear instructions.

11. Project management and finance: Demonstrate knowledge and understanding of the
engineering and management principles and apply these to one’s own work, as a member and
leader in ateam, to manage projects and in multidisciplinary environments.

12. Life-long learning: Recognize the need for, and have the preparation and ability to engage in
independent and life-long learning in the broadest context of technological change.

Program Specific Outcomes (PSOs):

1. Computer based systems development: Ability to apply the basic knowledge of database
systems, computing, operating system, digital circuits, microcontroller, computer organization
and architecture in the design of computer based systems.

2. Software development: Ability to specify, design and develop projects, application softwares
and system softwares by using the knowledge of data structures, analysis and design of algorithm,
programming languages, software engineering practices and open source tools.

3. Computer communications and I nternet applications: Ability to design and develop network
protocols and internet applications by incorporating the knowledge of computer networks,
communication protocol engineering, cryptography and network security, distributed and cloud
computing, data mining, big data analytics, ad hoc networks, storage area networks and wireless
sensor networks.
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SYLLABUS

PART -A

Write an ALP to exchange the block of data of length ‘N’ stored starting at RAM address
9000H and 9100H.

Write an ALP to add ‘N’ BCD numbers stored starting at RAM address 2000H. Store the result
in the next consecutive locations.

Write an ALP to count the number of odd and even numbers in a block of ‘N’ numbers stored
starting at RAM address 1000H. Store the result in the next consecutive locations.

Write an ALP to add two multi-byte numbers stored at RAM address 9000H and 9100H. Store
the multi-byte result at RAM address 9200H.

Write an ALP to search for the key element in a block of ‘N’ bytes. If the number is present,
show its position in the RAM location, 1050H. Otherwise, show FFH in 1050H location.
Assume the key element is stored at RAM address 1000H and the data block starts at the RAM
location 1001H.

Write an ALP to convert the binary number stored at RAM location 1000H into BCD and store
the result in the next consecutive locations.

Write an ALP to compute the GCD and LCM of two 8-bit numbers stored at RAM locations
1000H and 1001H and store the result in the next consecutive locations.

Write an ALP to ssmulate BCD up counter.

Write an ALP to arrange the ‘N’ 8-bit numbers stored starting at RAM address 2000H in
ascending order using Bubble Sort technique.

Write an ALP to multiply an 8-bit number stored at RAM location 1000H with a 16-bit number
stored at RAM locations 1001H and 1002H. Store the result in the next consecutive locations.

PART - B

Write an 8051 C program to design a counter for counting the pulses of an input signal fed
through pin P3.4. Display each count on the logic controller interface. (Use Counter O in
mode2. The Count must be specified by the examiner).
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Write an 8051 C program to read the status of 8 input bits from the Logic Controller Interface
and display “FF’ if it is even parity bits otherwise display 00. Also display number of 1’s in the
input data.

Write an 8051 C program to compute x * y using Logic Controller Interface.

Write an 8051 C program to display the messages LIFE and HOPE alternately on a 4-digit
seven-segment display Interface.

Write an 8051 C program to display the message “dEPt OF CSE” from right-to-left and |eft-to-
right on a4-digit seven-segment display Interface.

Write an 8051 C program to drive a Stepper motor Interface to rotate the motor by N steps in
clockwise direction and N steps in anti-clockwise direction. Introduce suitable delay between
successive steps.

Write an 8051 C program to display the strings on a 2x16 character LCD Interface.

Write an 8051 C program to scan a 4 x 4 keypad for key closure and display the code of the
key pressed on LCD.

Write an 8051 C program to generate Half Rectified Sine wave, Fully Rectified Sine and sine
waveform using the DAC Interface. (The output of the DAC isto be displayed on the CRO).

Write an 8051 C program to drive an elevator interface in the following way: Initialy the
elevator should be in the ground floor, with al requests in OFF state. When a request is made
from a floor to any other floor, the elevator should move up or move down to that requested
floor, service the request and stay in that floor waiting for any new request.
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USING KEIL pVISION3 IDE

Iz pVision'3

Integrated Development Environment
for

> KEIL RealView"

An ARMZ Company Tools by ARM"

Copyright & 19372005 Keil Software, 2005-2007 ARk Lid. 2l rights resererd.
This product is protected by US and international laws.

TheKell pVision IDE is a Windows-based software development platform that combines Project
Management, Source Code Editing, Program Debugging, and Flash Programming in a single,
powerful environment.
When you use the Keil pVision, the project development cycle is roughly the same as it is for
any other software devel opment project.

1. Create a project, select the target chip from the device database, and configure the tool
Settings.
Create sourcefilesin C or assembly.
Build your application with the project manager.
Correct errorsin source files.
Test the linked application.

a W N

MVision3 has two operating modes:
Build Mode: Allows you to trandlate all the application files and to generate executable
programs.

Debug Mode: Provides you with a powerful debugger for testing your application.

In both operating modes you may use the source editor of pVision3 to modify your source code.
The Debug mode adds additional windows and stores an own screen layout.
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To launch Keil uVision3 IDE goto Start menu and click on Keil pVision3.

Y ou will get awindow as shown below.

| Eile Edit View Project Debug Flash Perpherals Tooks SVCS Window Help

HesHG BB |oc | EEaaan il CaMes+ S QERoaER

S EEeR '1Taluutl 'i&a =
s ;

1 X
| &5 Source Group 1

Did you know...

‘fou can move the cursor to the beginning of a ne by
pressing Home, Pressing End nawigates the cursor to

the end of a line.

alE@ (™

Next, Click on Project menu and select New pVision Project option as shown in below figure.
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@ |« =08 |a [BEaF

5 LU ® L mpod visiont Project..

Close Project

Manage

cefor Target Target 1

Oiptions for Target ' Tanget 1

Clean taiget

|2 Build target

| 2] Bebuiid il target fibes

| @ Batch Build.,

| & Transiate. Ctrio F7

& Stop build

LEAMCisamplelMC2017.Uv2
2EMC\sampleipl 2

3 CAKeil\ C51\Examples' Hello\Helle.UN2

£ C\Keil\C51\Examples| Measure! Measure V2

5 CA\Keil\ CST\RETing2\Evamples\ Traffic Traffic. U2
6 C\Keil, (31 Examples’ Blinky' Bfinky. UNZ

7 CAKeil\ C51 Examples\ CSample\ CSample V2
B & | -~y

[ j

ST\ s [ prrmre 7 e o

Create a pVision new proj

mm!inz-mmmnmumemuh

B EHG LB Do EE T G s+ <+ @@ (BEceP @

Dm_‘
I

b MCTE cas ZT2T 52T Filefol|
Facert Places
. atteinment 12/25/2017 T42PM  Filefol
l A electronics 1282007 T35PM  File fol|
Desidop am T/0/0IT 124570 Filefol|
o & Kavitha /42017 12:47 PM nl:m!z
=] e 1/M161:26PM  Filefol|
Livanes bm 12162007 953 PM File fol
*1 A mchite 523207557 PM  Filefol
dp LMANT I AM  Filefol
e . PROGS LTANEL00PM  Filefol
% Wr A/BANTILE AM  Filetol
Pt . RESULTS 672272017319 P File fol
i th A5 EITPM  Filafol =
| = i v
| Sevesstipe  [Pramel Fies 2 =] Cancel

Give some valid Project file name and click on Save as shown in below figure.
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uMisiond
* Hie Edit View Project Debug Figsh Pesipherals Jools SVCS Window Help
PEHGtER oo s %Al 0 CH# =3 E Q[ EEosoaFn

S ek |5

5 emerm-
Name ° Date modified Type
Mo items match your search,

£ m

Fie name: ol
Saveashpe  |Project Fles (vl

L] Led =

‘BlEaw =

| file Edit View Project Debug Flzsh Pepherals Jocls SVES Window Help
REHg| R st 00 RA e85 aBE TR
&2 et | 5

PR

In Atmel, choose AT89C51ED2 device and click on OK as shown in below figure.
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. N
?EI:EﬂMBﬁmeW]ﬂMEWM

AEHG| )RR |oC | EeE %%k Gl -|_-ﬁ =& a '-.ﬁ & [ B

EE

Se X%

[ Use Bxended Linker (LY51) instead of BLS1
I Usa Extendad Axsembier (#0051 mshead of A51

M {Ir-System Programming)
3 ATEICE1M1A 54K Rash onchip, 1792 bytes on-chip XAAM. md-pMBw-EEPF&.
1 ATECSIACH Dual Data Parter, SPI, 1summn LIART, WO

1 ATBICS1CCO3
0 GESEE

B[Ewaw e

: ]
i.
E ATAT T3\ Build { Command J, Frdnries [ el _— l'lj

below.

| Ble Edit Yew Project Debug Flash Peppherals Jools SVCS Window Help

ﬁgug S e - N e [ N N R Y

e X |45 ]
Cepy Standard 8051 Startup Cade to Prject Felder end Add Filk to
Project
% |
Bl® awm e
-

g_u|q|-|ﬂ_\m_,r_\_m_q_é_mnn= T

Now, go to File menu and select New option to create anew file.
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o EEeTn

& i S 4 K D R B
Open Cirl+ 0
|€L|D ! ]ﬁan

jﬂ Save Cirls$
| Save A,
& severnt

Device Datsbase...
License Management..

Print Setup...
& Print CorleP

Print Pregiew

1 EAMC\sampletkl
2 EAMCisamplelid

3 CAKeif CS1\INC regSl
$EAMC\sampleicl

5 EAMCisampleodey

& E\MC\samplelach
1E\MCisample!pl

S EMCisampleipl

9 E\MC\samplelpd

1) C\Keil\..\Hellc\ABSTRACT

4
i "
g@u [T H1\ Buitd { Command J, Frd i Fies el ID‘J

-@N’--- Wl e gk REET AN o0& QEE e er e

(= Cpen Ctd+0

- A==

~ Mov RO, $a4
MOV R, $24E

Print Setup..
& print CtrlsP
Print Preyiew

LEAMCisampla\id

ZEAMC sample kL

3 CORe 51N reg5L

4 E\MCisample!,cl

5 EAMCisamale! odev

B E\MCusamplehach

T EWMCsampleipl

B EAMCusampletpi

9 EAMC samglép2

10 Ci\keh..\ Hellc\ ABSTRACT
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Now, save your file with .asm extension as shown in below figure and see that the fileis saved in
your folder.

Hot - iisions”
 Eile Edit View Project Debug Flash Peppherals Jools SVCS Window Heip

as@a BB oo =E 0 RREE 00 As e SQEEcerD

RAhwl aE®

"aaa Tagetl

1459 Source Groupl

B Tenr
MOV RO, #348
MOV R1,$24H Saveir: [ ]| MCLAB -] ~@erE-

Name . Date modified Type

| Iplplg LB 1S PM PLGFile
] 1/9/2018 1122 PM WVision Pr

Now, right I|ck on Source Groupl in the Project Workspace and select Add fllesto Group
*Source Groupl’ as shown in below figure.

&H‘Whﬂ%humwhlmhmﬂhmﬁw
PEEG BB a0 == N LR RERE 0 CAM w8 aBE e e
i@ & | wmlﬁtam

:Bﬂ Tc II
Opnom!or Grewp ‘Source Group1' ﬁ

(i) Eumiaa-ul.nggtﬁls
[] Build target
Translate File

Maw Group

Add Files roup ‘5 Group 1 |
ol Manage Components _,Jd/;

Remove Group “Source Group 1 and its Files

[v] Inciude Dependencies

%i‘ R “J\MI Ll

A Fles to current Project Group ) [ [Simufation L3 C [ [NUM [
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Now, browse your Asm Source filein your folder and click on Add as shown below.

ﬂplvuw 5l
File Edit View Project Debug Flash Peripherals Tools SVC5 Window Help

ASHG| me oo =4S nREE 0 MM e 5 aBEEcern

SEee 8 A CAR®
| Praject Waorkspace x|

|5 33 Target1
|3 Source Group 1

e RD, 345 Y 4dd Files to Group ‘Source Group 1"
e tockin: [}, MCLAB Rl = =
Hame - Date modified Type iz

Filess of type: |m Source fle " 2" “arc: 2%

LA F T, euitd 4 Command J, Fnd mFies | || KN I'lJ

[Simulation | L= |

Oncethefileis added to the Sour ce Groupl, go to Project menu and click on Build target

B
- File Edit W_Emjeﬁlnahu! Hish Pefplesshs: Took: G5 Whedow Ll
" | Mow pision Project.. I = I an
aﬁnﬂ e et O R AR A Y[R Rl
(B BT pmpont uvisiont Project..
|Project Workspace | Open Project..
[ 3 et 1 Llose Project
=3 Seurcy -l=i-

Select Device for Target ‘Target 1

Remave ftem

Oiptions for Target Target 1°

] Bdmlu allmgemls

| @ Batch Build..

| % Translate D:\MCLAB! Program.asm
[ stop busd

[#] 10AMCLAB pLas2 W[ et
| ZEAMCusample\MC2017.Un2 —
3ENMCisample\pl.Uv2

4 CA K C51) Examplash Helo) Hello V2

5 CAKeiRC51| Examples\ Measure| Measure. UN2

£ CAKeil 51 Rt Tiny2\ Examples! Traffic\ Traffic UV2

1 C\Kelh 51 Exarmples) Blinky! Blinky. V2

§ C\Keil\ 51 Examiples) C Samplel CSample, U2

I\ i foriean o em et B I " S J’fl
i Simulation [ L3¢ [ MM [ RwW
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If there are no errorsin your Source program then Build target is successful. If any errors, then

go to the source program and debug the errors and again Build tar get.

AGEHG| ) B 0o |EE %%k B Sas-ou s aEE sers
& (2 | g K [Targent Y &E®
T -x|

| Praject Waorkspace
(= Targetl
E-‘j Source Group 1
[ Programl.asm

BIEQ% ® |5t

®l3u11d carget 'Targec 1' 3

‘|assembling Progzeml.esm...

| Programl.asm{Z): warning A4l: MISSING 'END' STATEMENT

'£|1inking. ..

qul‘“ Size: data=8.0 xdaca=0 code=4

. "pl™ - 0 Error(s}, 1 Warningis). =
IDIJ

Vol - uiisions’
 file Edit View Project |Debug| Flash Peppherais Jocls SKCS Window Help
2u g S cks | Sl#| -+ @ a@EEeern

BN EeX B 21 =

[ e | T i1

=5 Torget1. Ao

=53 Source Group ] | tign  Cirl+F11 CE
. @ Prorami. o0 A

W Breskpoints. CtrieB
41 Insert/Remove Breakpant Fa
I Enable/Disable Areakpoint Cerl+ 3
% Disable All Breakpoints

@ Kill Al Breakpo

ints Carl+ Shift« F2
e Show ntesment

= cords
Execution Profiling v
Setup Logec Analyzer.

‘B(=Tuw ¥

12fBus1d carger 'Targec 1° -
"|a32=mbling Progzeml.asm. ..

| Programl.asm(2): warning A41: MISSING 'END' STATEMENT

linking...

Program Size: data=8.0 zdata~0 code=d

d"p1™ — 0 Error(a), 1 Warningis}.
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A dialog box appears indicating the code size limit in this open source IDE. Just click OK.

Lol xi
HOBPOAD cHE ARVSOEMBR A LB Q0| FEFE TR % RED M esd S DE G0
| Project Workspace: » x| RO, #3434 j

[
RET

ﬂ
E
18

4 EVALUATION VERSION
Cil0D... Runining with Cade Size Limat: 2K

down.

R
g

§§E§g ;qlgﬂuvgaa\aaa:a:.a'?
g

l4] | _»|-|

E[Q[*% F |3 rogom |
-!? Running with Code Size Limit: 2K i | ’: Address: [r00 H

>
ASM ASSIGN BreakDisable BreakEnable BreakMill Breaklisc BreakSer Breaklccess d
([T T ke ) comemand £ FrdnFies [ | EI 3

Lo

[Simulation [ T oM W

Now, you are in execution mode. You can view several windows in this mode such as Memory
Window to see the data in internal or externa RAM memory, Disassembly window to see the
ROM address of each instruction and machine code generated for each instruction etc.

File Edit Yiew Project Debug Flash Peripherals Tools SVCS Window Help
@B 2 ARV EeERL A QSEO| ) BB oo |FE g Tk kDT S IR B IE= R Y
=
o [
n 00
2 0
5 w0
rl w00
- 00
& 000
7 0
S
a w00
b w00
- 7
3p_max. 7
PCs CA..
et 0
“dor 0000
ntes o
she 0.0000
F paw (o]

Running with Code Size Limic: 2 ][] Addiess: [roo =
Load "D:\\MCLAB\\pL™ :

iT:0x00: 0O 00 OO 0O 00 00 00 00 00 OO0 OO0 OO0 00 00 00 00 06 00 00 00 G0 00 00
T:0x17r 00 00 O 00 00 0O 0O 00 OO 00 00 00 00 OO0 0D OO 0O 0O 00 0O OO0 OO 0D
> IT:0x2%: 00 00 00 00 00 00 00 00 00 00 00 00 OO0 00 00 00 00 00 00 00 00 00 00
ASM ASSIGN BreakDisable BreakEnable Ereakiill BreakList BreakSet BreakAccess o0 oo 00 00 o0 00 00 00 00 00 OO 90 90 00 40 00 00 G0 00 00 e |

TS T ot omen =7 — Ll sl
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Now, to execute your program step by step, go to Debug menu and click on Step option as

shown in below figure. For whole program execution, click on Run option in Debug menu.

File Edit Yiew Project nem.;t Flash penphems Tooks SVCS Window Help == x|

Start/Stop Debug Sess Ctri+F5 . . ‘ = 5| e c "
280 B (1 {8 SawsiopDebug Ee s deEo ; ) 7 % [T Ta | e = S @[S e e
Praject Workspace =2 Bl 8o 5 TMOD (0x23) , #0302 -
Ragister Va2 . m
= Regs £ Sep THO {0xEC) , $0x30

0 oo | 1P Step Over F10

[ 00 ! TRO{0x88.4)

2 % 1

r3 000 " R, TLO (OxBA)

o [ I e

1 00

I 00 |7 Breskpoints_. CtrieB

: 7 B0 | fnsert/Remove Breakpoint =]

= (% I

b 0o | Disable All Breakpaints

o 07 | §y Kbl All Breakpoints Cirl+ Shift+ F9

sp_max GD7 | ' Show Met Statement

dolr 00000

FC3 C:w00..

sates 0

sec 00000 E% Ensble/Disable Trace Recording

-2 ] :

Execution Profiling *
Setup Logic Analyzer..,
Memary Map..
Performance Analyzer...
— Tnline Assembly...
B B 0" || pion Editor (Open i Fie)..
*[Running with Code Size Limit: 2K -]
"l|Load "D:\\MCLAE\\p1"
x
H
insn ASSIGN BreakDisable Breakfnable Break¥ill Breakliat BreakSet Breakhccess COVERAGE DEFINE DIR Display Enter EVALuate EXIT FUNC Go INCLUDE KILL Logichnalyze LOAD [
A [T FTH Buld ), Command § Frd nFics | 1« [

Simudation

BRI [=] 6 ol v

You can view the result of your program execution in appropriate window based on where you

1 .00000000 sec

are storing the result. i.e., either in register or in memory. To view the result in memory, give
i:00 (i stands for internal RAM) in the text box provided in the memory window as shown in
below figure. To view external RAM, give x:00 in the memory window. You can edit the
required memory locations.
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2 HO W T Vet ARYHEOENRL > BEUS LB 0o Ee B G RET  Cla# -~ @l s [@oE e ar

Ee2 MOV R1, #24H

#

B B0 ™ |3 sogen |

|*{Running with Code Size Limit: IR 2] | addiess: [coa =
*lLoad *Div\MELABN\p1® *

| I:0x00: 34 00 00 00 00 OO0 00 00 OO0 0O OC 00 00 00 OO0 00 OO0 00 00 00 00 00 0O
T:0x17: 0O 00 00 00 00 OO 0O 00 OO 00 OC 00 OO 00 OO 00 OO 00 0O 00 00 00 40

> I:0=2E: €0 00 ©0 Q0 00 00 00 00 00 00 OC 00 00 00 OO0 00 Q00 00 00 00 Q0 00 Q0

ASM ASSICH BreakDissble SreakEnable Break®ill BreakDist BreakSer BreakRcosss ITI T:0x45: 00 00 00 00 0O 00 0O 00 00 00 O OO OO 00 00 00 90 00 0O 00 08 00 80 =

AT riemary o1 emary 524

e N 1 N ',

If any window is not appearing then go to View menu and select required window in it. Below

figure shows the selection of Disassembly Window.

| Eile Edit ru}mnmg Flash Periphernls Tools SVCS Window Hdp
e [y ] stanus e

RS EHG| S BB o e g Tk e g <l | - - e @ (@ EE] e e e

Traecivian 2] Eile Tootbar
1 Build Toclber
_'l.h"’u [+] Debug Teetsar
[ |
1 | [ Broject Window
2 Qutput Windew
T |l Source Browser
5
& Window

33 Mistch & Call Stack Window
& Memory Window

U Code Coverage Windaw

B Pefformance Analyzer Window
B Logic Anakyzer Window

& Symbel Window

Call Stack Urwincer

k2

BRiggAes”"

[

I:0x00: 34 00 00 00 00 00 00 00 00 OC OO0 00 ©O 00 00 00 00 00 00 OO0 00 00 CO
Tiox171 00 00 00 0D 00 0O 00 00 00 00 00 00 00 00 00 00 DO 00 00 00 0D OO GO
1:ox2E: 00 00 00 00 00 00 00 00 00 00 00 00 GG 00 00 00 00 00 00 OO 00 00 OO
1:0x45: 00 90 UQ UU 00 Q0 Q0 00 OO 00 00 00 OO0 00 00 00 00 00 OO 00 OO0 00 GO =

The Disassembly Window shows the Code memory with each instruction address, the machine
code generated for each instruction and a so the instructions.
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File Edit View Project Debug Flash Peripherals Took SVCS Window Help -l=] x|
gRonpry s [ARVUEEMRE: ) 2eHd ! SelEEAR RNl ek --+03 [@EE o0
Bicioxono0  783¢ MoV RO, #0x34 i
2: MOV B1,424H ¥
Fege C:0x0002 7924 MOV R, §0%24
0 00 NCi0x0004 00 nop
" 00 C:0x0005 00 NOP
2 00 'C:0x0006 00 HOP
a o0 iC:0%0007 00 HoR
o e c:0x0008 00 HoE
5 00 Bcioxoo0s 00 ROP
& 00 C:0x000A o0 KOP
7 00 C:0x0008 00 HOP
=Sy C:0x000C [11i] HOP
= 00 C:0x000D 00 HOE
b 00 C:0x000E 0O HOB
£ 07 \C:0x000F 00 HOP
a7 C:0x0010 00 HOP
s coqo. | [lcsoxo011 o0 HOP
il 00 Nc:ox0012 00 NOP
& dtr (0000 c:0x0013 00 HOP
i 0 c:0x0014 00 NOP
= oo, | [|csox0015 00 NOP
B pow Py C:0x0016 00 HOP
C:0x0017 00 Hoe
C:0x0018 00 NOB
C:0x0013 00 HOP
c:0x0012 00 NOP
'Ci0x0018 00 HOE :
™ o )
B S/0 % % |G romt [ Doty |
:‘.Running with Code Size Limit: 2K :J I‘: m{im H
Load "D:\\MCLAB\\pl®
T:0x00: 00 00 00 00 00 0O 00 00 0D 00 00 00 00 00 00 00 00 00 00 0D 00 00 00
£ 1:0x17: 00 00 00 00 00 00 00 00 0O 00 00 00 00 00 0O 00 0O 00 00 DO 00 00 00
; > T:0x2E: 00 00 00 00 00 00 00 00 00 00 00 00 00 0O 00 00 00 0C 00 00 00 00 00
\3|2sw 255TAY Brearnisabie Breaknable Breaxmill Breakiist Breaser Breskhccess [Tf [|T30%45: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
| An AA Am s ns am oan s A7 0A AR A AR AR AN AR AR AR AR An mn
(2 [ATT Bud ), command [ Findn Fies el _Ivf AT IT Memory #1  Vemery =2 ), Memary 23, Memary =4 7

For Help, press F1 | Simulation !

USING FLASH MAGIC TOOL
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mman 100 2902

Flash ic

Dbt bin K5 § g vaisibors
& Erbaacidod e Acadesy, be. 3000 - 3
i Pighes Fasrwnd

NXP Semiconductors produce a range of Microcontrollers that feature both on-chip Flash
memory and the ability to be reprogrammed using In-System Programming technology.

Flash Magic is Windows software from the Embedded Systems Academy that allows easy access
to al the ISP features provided by the devices.

The 8051 Microcontroller board is interfaced with All-in-one I/O interface board for working
with severa 1/0O interfacing components like Logic controller, Seven segment display, keyboard,
stepper motor, elevator, LCD, DAC etc.

Flash Magic tool is used to dump the Hex file to the ROM of 8051 microcontroller. Before using
thistool, the Hex file is to be generated using Keil IDE.

The following steps should be followed to generate the Hex file:

First, create a new file and edit your program and save it with .c extension in your folder as

shown in below figure.

B pt - wisiond - T B0 W W W W - . =
B Ete Edit Yiew Bropect Debug Flsh Pepphenls Took SVCS Window Help = =] %]
= = - | L - =] . 3 |B[E N -]

& e 9% 5 [Target 1
Praject Wortspace = - —
= 54 Tergetl
1 Source Group 1 E"
Saver: [ | MCLAR -] ~ @ s - |
|
Hame Date modified Type |
pl 1/9/2018 11:30 PM Fae
plinp 1/9/2018 11:30 PM il
pLMSL /372018 11:30 PM
plplg 170/ 2016 11:30 PM
n pl LA/2018 11:22 PM v |
Programl LA01E 1128 M ASMFile |
Programi LB 1LI0PM  LST File
Programl, 081 LO/HE1L30PM OB File |
|
|
|
] Fim name |Program? - Save J
L JET| | A l " Qq 5 =l
B Q% | | oot B Tes ogsch el | el e )
* STATEMENT
S
- = - _ - = » G 119PM
Bl 2 @ =] LT
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Now, right click on Source Groupl in the Project Workspace and select Add filesto Group

‘Source Groupl’ as shown in below figure.

B File Edt View Project Debug ﬂgﬂ\ Pegiphesals Joaols SVCS Window Help = | & M

.ga-ﬂa B [EEsR %R am—i@n Lt I NIRRTl

Fropec Workspace. 3@ tByte i,count=0: j
=3 Targetl M for (1=0:1<B:1++)
(= LA e i
Options for Group 'Source Group 1' -

| {#5 Bebuild al torget files
| () Build target

X Stop buld

Icenp
Mew Group

[ AddFes to Graup ‘Saurce Group 1° |

| db Mansge Components

Remaove Group ‘Source Group 1' and its Files

| 1| Include Dependencies
L

14417

% -
BE Q™M ¥ | e B rogenz |

*[5uild carger 'Targec 1' ﬂ
"|assembling Progzaml.azm. ..

Programl.asm(2): warning A41: MISSING 'END' STATEMENT

linking...

Program Size: data~8.0 xdata~0 code~=4

"pl™ - 0 Ercor(s), 1 Warning(s). -
arJ
RAW

| Dulpt Windlaw

L[l Buitd f Command } FindinFiles [ LK1

Add Flleslucmmﬁctmoup [Smulation 7 LS Cl

Now, go to Flash menu and click on Configure Flash Tools option as shown in below figure.

h] Pesiphesals Jooks SVCS Window Help =18 x]|

BV Eile Edt Yiew Project Debu
BEHG|) BE o domd JatE 2 R AR §= R e
¥y Erase
& (28 # K5 AN Targ T =
Fragect Workspace. % |[ 5[ ConfgureFssh Took. | =
=3 Targetl M Tor (1=0:128;ie]
EHE4 Source Group 1 e t
b [ Program2, 16 1L (®& (0x01<<1) )
-] Prog 5 w count++;
k-] }
k] raturn count;
a0 3
4] tByte readInput{veid)
42 1
43 tByte temp=0;
a o
45 |
4B
47 —enc-t?. & Ox0f)<<q Itemp:
48 return temp;
487 1
50
51 void delayMs|tWord x)
521
53 tByte i
54 while (x--)
55 Tor (1=0:1<120;144) 7
561
& -
BE Q™M ¥ | e B rogenz |
=|Build carger 'Targec 1°' -
|eompiling Progzam2.c...

linking...

f|Program Size: data=10.0 xdata=( code=132
1 "pl" - 0 Exror(s}, 0 Warningia).
%

L] o] [ o] Build { Command } FindinFiles [ 1Le |a'zJ
S

inm Toals [Smulation E A5 Cl [ [
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Now, click on Device option and then NXP (founded by Philips) to select the device.

W 1 - iVision3 - [DAMELAB\Progra

Ha Edit Miew Project Debug Flash Peripherals Joals SVCS Window Help

PEEG|) BB Ac|=E 4% A REEE SRS

@L_n_*‘n¢" El.ttfamm MR

@ e m

== |

< tByte 4, coun:-:‘. a

E;g:i Tugutl. M for (1=0:1<E;1sf Options for Target Target 1' ﬁ j
157 Source Group 1 . t |

® £ (26 {0l

o counc | Device | Torget | Output | Listing | User | 51 | 481 | BLSY Locate | BLS1 Msc | Debug | Liites | |

£ ) Database: [Gorenc CPU Diats Bane -1

k-] ratarn count;

o Verdor: Mmet

= dln,

:; ‘; i e | Dewvice: ATBSCS1EDZ r mMMm‘]mﬂd BLE1

43 tTByce Temp=0; Toolsst: CH1 T Use Extoridod & o 5l A5

i) SEL=0; - Megawn +  [BOC32 Compatibie Fagh-Speed Mreontroler >

4B cemp=Fl & Ox0iz & . upto & B-bk 1O Parls

45 SEL=1; o g = Gt icn 31600 Teer/Couners

47 temp= (Pl & Ox0f}| & WA 2 ms«mml}m

48 return cemp: & hyson T H"“""s"‘“’ Fricety Levela

;g i 1t = ETE‘&‘JL““ 1532 e i KRAM, Orychip 2048 Byies EEPROD

¥ &4 £n-

§1 woid delayMatWaf| ; ga:wwmn Dual Dsta Poarter’ SF1, 16-ba PCA, PWM, LART, WOT

g2 1 &

55 tByte i - Gnbonliri

54 while (%--) g i [

55 for (1=0: 4 | i1 @ Ramtron

sl 1@ RO Semanductor

5 4 @ Samn = -
— ) | | T — ¢ i — : i i * | |
BfEuw = Program1 2 |
Si= 8 oot B Pope [ o | cocs | osams | wo | |
=5uild targert ‘Targec 1° f_ :
|eompiling Progzam2.c...

linking...

flprogras Size: data=10.0 xdata=0 code=132
3. "pl" = 0 Error(a}, 0 Warningis).
g:lﬂ:lj\m_.LM_LﬁﬂnﬁsJ JLel

Simulation A5 Gl [

File Edit Miew Project Debug Flash Peripherals Tools SVCS Window Help S - [
AsHE L e oo RN srop Jalf e +@ls aEEeern
45 4K [Target1 ~AB®
- x| B tByte 1,count=0; 3
3 for(im0;i<e;idf . = .
Dptions for Ta T: 1
=23 Source Group 1 E ol
- ) Programi.c : “é::gﬂ Device | Target | Outpet | Lising | User | €51 | 481 | ELS1 Locate | BLS1 Mec | Debug | Liitiss | [
® } e cPUL -
b b G Database: |Genedc CPU Dats Bass
Lo Vendor NXF fourded by Prilps)
3
:; : e raadlﬂpuw' Device: PESVSIRD2 I Lbaammummumaddsm
43 tByte temp=0; Toolsst: C51 T s el Arsembles (AT} inetead ol 451
iy Lot R ) " [ROMPHz 5 Vik 8051 based Microcarbolerwih 32 U0 lnes, 3 Treers/Court =
45 temp=Pl & Ox0f: || £1 pasiPcass &-charnel PCA
45 SEL=1;
47  temp=(P1 & Oxoff|
48 rveturn temp;
a3
50
51 void delayMs {tWaf|
-
53 tByte i;
5 while [x—) =4
55 for (1=0; 14 | L |
5% 1
57 - . - =
Al ¥ o[ i - v | :
=] W% B Program Program2 |
= a Ok | Cocd | Defmits | Ha|p||
*lBu1ld target 'Targec 1' =
‘|ecmpiiing Prograsz.c...
linking...
|Program Size: data=l0.0 xdata=0 code=l32
|&|"p1" - 0 Exzoz(s), O Werning(s).
I -
ig [T i Commar ) FncimFies | ILel | ﬂJ
Simulation 145 Gl [ [NUM R
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Next, click on Target option and give the Xtal frequency as 11.059 MHz as shown in below
figure.

St - uvsions - DIWEER Poger T W W W = - < —

B Gle Edit View Project Debug Flash Peripherals Tools SVCS Window Help =8| %
AEEHS e oo|EE s RERE 0 CJad-susaBE e s
e w,g\[Tamm Slamm
[Praject Workspace tByte i,count=0g j
=34 Targetl | :M LT ECER pa—— =y
&4 Source Group 1 e d u
o[ Program2.c > PEOE I | Dewos Temet |Outpus | Lsong | ser | C51 | A81 | 451 Locaie | BLST Mac | Debug | Liktes |
® NXP founded by Phips) PESVS1RDZ
£ ratorn count;
a1 el (M. [11.055 T Use On-chip ROM {Ix(-B<FFFF)
:; :Isytu zeadInputiy| M W‘
G5l cayce cenpeo; Cods Rom Szs: |Largs: 64K program =)
A4 SEL=0;: Operstrg sytem: [Hone =]
45° cTemp=Pl & OxOL:
4B SEL=1;

47 temp= (Pl & Ox0f
48  retorn cempr

[~ Off chip Code memory. Off-chip Xeata memary
g ' St Sm St Sue
51 void delayMs (tWaf| Epras R
z b TByTe 1 flarm
54 while (x——) Eprom Ham
% for(a=o;3d|
g } | T Code Banking Siat: End: =
(et (oo 2] w0 || e it o

-B.’_.mm’ EI“’W1 Evmgmz_

=l8011d target ‘Targec 1° -
*|compiiing Program?.c... [
linking...

Program Size: data=10.0 xdata=0 code=132

"pl" - 0 Erroris), 0 Warningis).

i
¥
¢
i
=

[P TF 1\ Build i Command J, Frnanries ] Jle |’|L'

BT e o ol v I

 Simulation 2 145 Cal [ N[ [ Rw

Next, click on Output option and select Create Hex File. If you want to give new nameto the
executable file then you can provide it in the textbox of Name of Executable and finally click on
OK to complete configuration.

T 1 - jiVisions - [DAMCLAE Progra - ——— |
B Eile Edt View Project Debug Flash Penpherals Tools SVCS Window Help =15l x|
A EEG BB oo EE g GERE JRAH 3|2 @ BREseTn

G ¥ e e *‘-lﬁ‘é wom
I akpace W™ thycte i,counc-0g z'
-3 Targetl W forii=iiesiin o b Taget Target I [==)
55 Source Groupl I
oo [
B [ Progemie ; RS 0% Dovin] Tomget Outout | Lsing | Uaer | C51 | 451 | BLS1 Loeate | BLS1 Mac | Dstbug | Unisea |
= 1 -
B ot counts Select Folder b Objocts. | Mame of Bxecutable: [71
1 E
41 tByce readinpuc(f| (5 Craate Exseutable’ o7
2 1
13 chyse temp=o; ¥ Dby bkormetion ¥ Browes formation
1
e PR ¥ Creste HEX Fle 4y Fommas: |HEXED -
46 ¥
AT = {EL & oxoff|
48 return Temg: " Creste ey ‘ol LIB [ Comste Batich Fle
491
B0
5 void delayi=(tWod|
B [
) tByte 13
& while(x—}
= for (1=0r14 |
81
5 -
| T ! :

T — |

Bl=w(% ™ 8 g B o]
-B;----—-J-I ok | cees Detats | el |I

{*iBuild target ‘Target 1° r -
‘|compiling Frogrami.c...

| |i2aking...

|E{Pzogran Size: date=10.0 xdata=0 code=132

|E]"p1® — 0 Erroris), O MWarning(s).

|

| =

§ LTI putd {Commarg | Frndmrbes | [ i
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Now, go to Project menu and click on Build Target. If there are any errors, then go to the source

By £dn View [Bropect] Dubug Fissh Pariphersy Tools SVCS Window Halp =lealx]
= | Mew uiision Project... I =l - & 5

ddd : Nlew Project Warkspace... @ 5l L e @E L

L5 B F ot msiond Project..

Project Workspace : Dpen Project... E‘

= 33 Targetl Llose Project

&35 Sourced|

B[ Pogl  Manoge »

Select Device for Target Target 1'
Dptions for Target Target 1"

| Clean target

|5 Buid target

[£5) Bebuild ofl target files
@ Satch Build

£ Translate DXMCLABProgram2.c
o t 1k}
] LDAMCLAB gL w2
2 EAMC\sample’ MC2007.Uv2
2 EAMOsampletpl.bvd
4 CAReiNCSL Examples' Hello\Hello U2
5 CAKINCS]Evamphes' Measure' Measure. LIV
»

£ C\Keif 51\ RexTiny\ Examplesh Traffich Traffic. LVZ
- — I CAKeNCS1\Examphes', Blinky\Blinky. V2
BiE WY CAKeil\ 51\ Examples| CSample\ CSample UV2

*[Build carget 'Targec 1° -
*|ecmpiling Programz.c...
1imking...
Frogram Size: data=l0.0 xdaca=0 code=l32
"pl" = O Error{a}, O Warning(a).

udput ooy

AT AT, Buitd § Comenand J, FindinFies [ I
Build target

~ [Simulation ~ LAS A1 [ [NuM

If Build Target is successful then you can see the message creating hex file from “P1” in the
output window as shown in below figure. The Hex file will be created in the current working
folder.

Lot sons RGP T

B)File Edie View Project Debug Flash Pegphesals Tooks SVES Window Help _ | = | =
BEEO| BB 0e|ss o % WET Zan - s [EE e m
& e 2 |5 & Tergenn BT ]

tByTe i,count=0: z'

for (1=071<87 154}

B Source Group 1 t

& (7] Programi.c £ x5 (0x01c<d) )
counte+s

1
return count;

tByte readInput{void)

cByte temp=0;

SEL=0;

Ceng=P1 & OXOL:

SEL=1;

temp= (Pl & OXOL)<<d |Temp:
return tenp;

1

woid delayMs (tWord x)
tByte 1

while [x==}
for [4=0;1<120:14+4)

AN ERIEEAASSELASEHEYRAER

L T — N
_az-n.n'uw B Prgenl ) Fogeme
= g':::t:“:arqzt *Targes 1' j

>gram Size: data=10.0 xdata={ code=132
creating hex file from Fpi®.. .
®"pl® - 0 Errer(s), 0 Warning(s).

||l |+

~ [Simulation Gasca | N RN
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The Hex File generated is dumped into the ROM of actual 8051 Microcontroller using Flash
Magic Tool. The following steps are to be followed:
To launch Flash Magic, go to Start menu and click on Flash M agic. The following window

appears.

o Flands Magic - MNON PRODUCTHIN LIST Db Y

L -

B AdSvVvE» o B @5

L |- O [ Bs2Bae __________J

o EACVERROD
L 1 el & e
o ) = e | -
Bpsd Flom w00 o . T
[ [ o wll Flassbys munty=Cho
o | Bww [P -

e Pl | Dot ird g M ciortvolee'dly [loosrmernti'dden Fe. | Diowas

B A

eoried Worelsp Wimp 15, 20T, 1 0651 Ful = ]
[ Wiy sl pacugravsang [ | et Sy B4 | |' " Sa
[Pl e P T i Sy B ] - —
] Gy ke cfombionarmn. ||| b Smmuri BE )
[ClEssase [Ty Tl B

Brup g HP LPC ervhitan ol late by o

R e

| ¥

Now, click on Select to choose the device 89V51RD2 from the Device Database.

Nmh Mgl MOMPROGUCTIOMASLOMY  _| %

ol FACREE # | UART b
i Eie 1 Rash Bark
e [ :1?'9 ?I.‘inrrrru-mm Flash
:;’:j; g:'ubwl-m:- L, Flach st sihom
i ECTn
L
il BCiIRG.
i BRVINED
o FLVIRLT
ol PR
oy B
iy ENETREY
+ EHEEE
o ST
i FCERE
o R &
| Gl || OE
Bluge yonn HoP LPC sveshastoon arsd shter bl erdind
mectoch o L
1

Next step is to choose correct COM port number. To do this, first find the COM port number to
be used.

Right click on My Computer icon and go to Properties ->Hardware -> Device Manager
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The following window appears. Click on Portsto find the USB to UART bridge COM port

number.

m Werphanai vk

| M e ] e o] Seel e
:i"'ﬂ“'l

+
3
i
+ 2 IO LR paririler
i
=
"

Wiy el
ﬁ P el Py
a- P Sepis Coarwrs racatira Cordyolies
4 S Bum Condroles
AF Pty (SRR LET)
W e e
!- Gomarel s A G e Tl
5l e e
Lrwrrrnal Senal B oot oy
B “arcard Lrifvme o P50 B U s © orirolier
Sngtiare] et Pl b L8 Hairpl Cprtrller
Rgripar] |niess il PO 00 L Foar Conds lied
Saraierd Lirevsrns L bo LSS wicak -Conbliss -

Now, select this COM port number from the drop down list as shown in below figure:

F lan by il - PO PRRCRDNLE THN LT Dl
Fis [ Opiors Took Felp
GH A3evEr v @ @I

ea Fili | L 'ty ared Solire ' i eeoconirole’ ity [oiurmenh'&es Fo | Liowis

s Mioredse Bl 15 0T, §065) Pal EEnd £
[ Vel e pucugrmmwearng || ot Sy B ! |_ P
L Pl aramet Flaahs J

17| iy bk, cFpchomarm
[ 1Py e B

B wims H-F LPC arvibaitaor ol st by e

o Dipols SO

v
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Next step isto browse the Hex file by clicking on Browse and specify its path where Hex fileis
created. Then click on Erase all Flash option. Select 9600 Baud rate.

Finally, click on Start to dump the Hex file selected to the ROM of 8051 Microcontroller. Once
the processis completed, it shows finished in the progress bar.

I lanks Blagk - MM PRUELN THHS LS Ol

M [0 Oplees  Took  belp
BEH AJSVR> » @ 93

| Eesd | EWTIROZ

O Pt | 0 1 w
Ewsi Flow | 5m

. —
L] W il Flambs
o e 15F)| w

s File | C 'Oetmmnti rsd Sotimen Buswordmdie’ iy [ioaserdi'des Fior '| Iy |
Mot Mirep. Mg 15 2017, 10041 Pl el i
[y aes peapmmarsy || ot By B | | —
[ ] Pl i Py -
[ Vit k. sk armst

-

[ ] P I B

Pedgiry, bl cuntoiranabl, seswtahy gedatedd b e i | bt Phwe. oy i
S )

s ervfridodtey; com i L
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PRACTICE PROGRAMS

Write an 8051 Assembly L anguage program for the following:

1. Put the number 34H in registers R5, R6 and R7.

Ans.

2. Put the number 8DH in RAM locations 30H and 31H.

Ans.

3. Copy the data at internal RAM location 7FH to the registers RO and R3.

Ans.

4. Exchange the contents of the registers RO and R1.

Ans.

5. Rotate the bytesin registers RO to R3. i.e.,, copy the datain RO to R1, R1to R2, R2 to R3,
and R3 to RO.

Ans:
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6. Swap the nibbles of the register RO.

Ans:

7. Copy the data in external RAM locations OAOOH and OAO1H to the registers RO and R1
respectively.

Ans.

8. Copy the byte at internal RAM address 4AH to external RAM address OABCH.

Ans:

9. Copy thedatain register R5 to external RAM address 032FH.

Ans:

10. Store DPTR in external RAM locations 0123H (DPL) and 02BCH (DPH).
(RAM address of DPL is 82H and DPH is 83H)

Ans.
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11. Clear bit3 of RAM location 22H without affecting any other bits. (Assume 22H contains
the data FFH)
Ans:

12. Set bit 5 of register R2 without affecting any other bits. (Assume R2 contains the data
57H)

Ans.

13. Complement the contents of register R4.

Ans.

14. Store the most significant nibble of A in both the nibbles of R5. (Assume A = A4H)
Ans:

15. Find a number that when X ORed to the A register, results in the number 3FH in A.
Ans:
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16. Assume register A contains 34H and register RO contains 52H. Add the contents of
register A and RO and store theresult in A.

Ans.

17. Make register bank3 active and store the data C6H in register R4 of bank3.

Ans.

18. Add the number 84H to RAM locations 17H and 18H. (Assume 17H contains 22H and
18H contains 33H)

Ans.

19. Add the byte in external RAM location 02CDH with internal RAM location 19H and
store the result in internal RAM location 25H. (Assume 02CDH contains 65H and 19H
contains 3FH)

Ans:

20. Subtract the contents of register R1 from RO and put the result in R7.

Ans.
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21. Subtract the contents of register R2 from the number F3H and put the result in external
RAM location 028BH.

Ans.

22. Subtract the contents of RAM location 13H from RAM location 2BH and put the result in
RAM location 3CH.

Ans.

23. Decrement the contents of external RAM locations 0123H and 01CDH.
Ans:

24. Multiply the data in A and B registers and put the result in RO (LS byte) and R1 (MS
byte).

Ans.

25. Multiply the data in RAM location 22H by the data in RAM location 15H and put the
result in RAM locations 19H (LS byte) and 1AH (MS byte).
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Ans.

26. Square the contents of R5 and put the result in RO (LS byte) and R1 (M S byte).

Ans.

27. Divide the datain RAM location 3EH by the number 12H and put the quotient in R4 and
the remainder in R5.

Ans:

28. Divide the number in RAM location 15H by the number in RAM location 16H and put
the result in external RAM location 034AH (Quotient) and 034BH (Remainder).

Ans.

29. Put the number 85H in RAM locations 30H to 39H.

Ans.
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30. Copy the data in internal RAM locations 12H to 15H to interna RAM locations 20H to
23H.

Ans.

31. Transfer ablock of data of length 5 from 9000H to 9100H.

Ans:

32. Copy program bytes from 0000H-0009H to the internal RAM |ocations 20H-29H.

Dept. of CSE, SIT, Tumakuru-3 Page 34




Microcontroller Laboratory Manual

Ans.

33. Move hit4 of RAM location 30H to bit2 of B.

Ans.

34. Add the unsigned numbers found in internal RAM locations 25H, 26H, and 27H together
and put the result in RAM locations 30H (LS byte) and 31H (M S byte).

Ans.
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35. Check whether content of R7 islessthan 75H. If yes, then set bit 30H. Otherwise reset bit
30H.

Ans.

36. Find the square root of a number stored in RO register.

Ans.

37. Count the number of equal bytes between memory blocks 10H-19H and 30H-39H.

Ans.
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38. Transfer the numbers in the location 10H-14H that are divisible by3 to the location
starting at address 20H.

Ans.

39. Check whether the character stored in memory location 10H is in the range 30H-39H. If
yes, then store the data 10H at location 11H. Otherwise, store 05H at location 11H.

Ans.
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40. Count the number of times the data 25H is present in the location 11H-1AH. Store the
count in location 1BH.

Ans.

Write an 8051 Embedded C program for the following:

1. Send OOH and FFH to port P1. Introduce some delay after each value.
Ans:
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2. Toggle bits of P1 continuously forever with some delay.
Ans:

3. Send values O0H-FFH to port P1.
Ans:

4. Send the Hex valuesfor ASCII charactersQ, 1, 2, 3,4, 5, A, B, C and D to port P1.
Ans:
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5. Send values- 4 to +4 to port P1.
Ans:
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PART -A

PROGRAM - 1. Write an ALP to exchange the block of data of length ‘N’ stored starting
at RAM address 9000H and 9100H.

Description: This program exchanges two blocks of data where each block consists of 5 bytes of

data. Below figure shows sample five bytes of data stored in each block before and after

execution.

9000H
9001H
9002H
9003H
9004H

Befor e Execution
10H 9100H
20H 9101H
30H 9102H
40H 9103H
50H 9104H

Program:

; TOEXCHANGE BLOCK OF DATA
MOV DPTR,#9000H

MOV RO#5

AGAIN:MOVX A,@DPTR

MOV R1LA

INC DPH
MOVX A,@DPTR

DEC DPH
MOVX @DPTR,A

MOV AR1
INC DPH
MOVX @DPTR,A

DEC DPH
INC DPL
DJINZ RO,AGAIN

HERE: SIMP HERE

END

60H

70H

80H

90H

AOH

;block length

9000H
9001H
9002H
9003H
9004H

After Execution

60H

70H

80H

90H

AOH

; Save the datain R1 register

9100H
9101H
9102H
9103H
9104H

10H

20H

30H

40H

S50H
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SAMPLE OQUTPUT:

Befor e Execution:

The following five bytes of data are stored starting at external RAM address 9000H:

hemory @

Address: [»:3000H :‘:i

X : 0x005000: 10 20 30 40 S50 OO OO OO OO OO OO OO OO OO OO OO OO 0O
X : 0x005012: 00O OO OO OO OO OO OO 00 OO OO OO 00 OO0 OO0 OO 00 00 00
H:0=x00S024: OO0 OO0 OO0 OO OO OO OO0 OO0 00 OO0 OO0 00 OO0 OO0 OO OO0 00 0O
¥:0=x005036: 00 OO0 OO0 OO OO OO OO0 QO OO0 OO0 OO0 00 00 OO0 OO 00 OO0 00
H:0x009S048: 00 OO0 00 OO OO0 OO0 OO0 QO 00 OO0 OO0 00 00 OO0 OO0 00 00 00
H:0x0Q09S05A: 00 00 00 OO0 00 OO0 00 Q00 00 OO0 00 00 00 OO0 00 00 00 Q0
H:O0x00906C: 00 00 OO0 OO OO0 OO0 00 00 00 OO0 00 00 00 OO0 00 00 00 Q00
H:0x0Q0SO07E: OO0 OO0 00 OO0 OO0 OO0 00 OO0 00 OO0 OO0 00 00 OO0 00 00 00 00 _:j

F AT Memory #1 A4 Memory 22§ Memory =3 5 Memory =4 J

The following five bytes of data are stored starting at external RAM address 9100H:

Memory @

Address: [>:5100H ’jA

: O=x0093100: &0 J7O 280 90 A0 00 00 00 00 00 00O OO0 00 OO0 00 00 OO OO
:0=x009132: OO0 OO0 OO0 OO0 OO0 OO0 OO0 OO OO0 OO0 00 OO0 OO0 00 OO0 OO0 QOO0 OO0
:0x009124: OO0 OO0 OO0 OO0 OO0 OO0 OO0 OO0 OO0 OO0 00 OO0 OO0 00 OO0 OO0 QOO0 OO0
:0=x009136: OO0 OO0 OO0 OO0 OO0 OO0 OO0 OO OO0 OO0 00 OO0 OO0 00 OO0 OO0 QOO0 OO0
:0x009148: OO0 OO0 OO0 OO0 OO0 OO0 OO0 OO OO0 OO0 00 OO0 OO0 00 OO0 OO0 QOO0 OO0
: O=009315A: OO OO OO OO ©0 OO0 OO0 OO0 00 OO0 OO0 OO0 OO0 OO0 OO0 00 00O 00
tox0091&eC: OO0 OO0 OO0 00 900 00 OO0 OO0 00 900 00 OO0 OO0 00 OO0 00 QOO OO0
tOx009S17E: 00 00 00 00 900 00 90 90 00 00 00 OO0 OO0 00 00 00 OO0 OO0 -

A P[P Memory #1 4 Memory #2 4 Memory #3 } Memory #4 f

EEE A

After Execution:

The following five bytes of data are stored starting at external RAM address 9000H:

Bemons Eﬂ

Address IX:EIDDDH = i

tN=OO09[000:: A0 TO RO Q0 AN OO0 OO0 OO0 OO0 OO0 OO0 00 00 o0 00 o0 o0 o0
IOXHOOD9012: 00 OO0 00 OO0 Q0 OO0 QOO0 OO0 Q90 OO0 QOO OO0 QO OO0 Q9O OO 9O OO0
tOx0O09024: OO0 OO 00 OO0 OO0 00 OO0 OO0 900 OO0 OO0 00 OO0 00 o0 OO 00 00
1 0Ox00903x6:=: OO0 OO OO0 OO0 OO0 OO0 OO0 OO0 OO0 OO0 00 00 00 00 OO0 OO0 o0 OO0
1 0x009048: 00 OO0 OO OO OO OO0 OO0 OO0 OO0 OO0 OO0 00 OO0 OO0 OO0 OO0 OO0 00

:0x00905R: 00 00 OO0 OO0 OO0 0O 00 OO0 OO0 00 00 OO0 00 00 00 00 00 00
:0x00D0&6C: 00 OO0 00 OO0 OO0 00 00 00 00 00 00 00 00 00 00 00 00 00
:O0=x0090TF: 00 00 N0 0N 00 00 00 00 N0 00 00 N0 00 00 00 00 00 on | -
Al rlril Memory #1 4 Memory #2 A Memory #3 A Memory 4 F

SRR AR RN X

The following five bytes of data are stored starting at external RAM address 9100H:

Memory bﬂ

Address: [ 3100H I:IA

X :0x009100: 10 20 30 =90 SO OO0 OO OO0 OO0 OO OO0 OO0 OO0 OO0 OO OO OO0 OO
M. 0x00931312: OO0 OO0 OO OO ©0O0 OO0 OO0 00 OO0 OO OO0 OO0 00 OO0 OO0 OO0 OO0 00O
L : 0x009124: OO0 OO0 OO OO OO0 OO0 OO 0O OO0 OO OO0 OO0 00 OO0 OO OO0 OO0 00
M 0=009136: 00 00 OO0 OO OO OO0 OO 00 OO0 OO 00 OO0 00 00 OO OO OO0 00
P : Ox009148: 00 OO0 OO0 OO0 OO0 OO0 OO0 00 OO0 00 00 00 00 00 OO0 OO0 OO0 00
(K:0x009315Aa: 00 00 OO0 O00 OO OO0 OO0 OO0 OO0 OO0 00 0O 00 OO0 OO OO0 OO 00
X UxU091lelC: U0 U0 OO0 U0 00 U0 U0 U0 OO U0 U0 U0 UL UU UL O v oo
o

i 0OxOD9I1TFTE: OO0 OO OO o0 OO0 OO0 OO0 OO0 OO OO OO0 OO OO0 OO0 OO OO OO0 OO0 'i
-_u1§_15 _i_ﬂ_l_\-_:a\ Mmory #£1 ‘-}\_Hc:llmrf #2,'{_ Pl y &35 }'\_ Mermor y #<% _f
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PROGRAM - 2: Write an ALP to add ‘N’ BCD numbers stored starting at RAM address
2000H. Storetheresult in the next consecutive locations.

Description: An 8-bit BCD number can contain two 4 bit BCD digits each ranging from 0 — 9.
For example, 25 isavalid BCD number with two BCD digits 2 and 5 i.e., 0010gcp 0101gcp This
program isto add N BCD numbers which are stored in external RAM. Here, we have considered
11 BCD numbers. Each time the addition operation is performed, we use DA A (Decimal Adjust
Accumulator) instruction to adjust the result to correct BCD form. The higher byte result is held
in R1 and the lower byte result is held in R2. These register contents are stored in consecutive
memory locations after the 11 bytes of input data.

Program:
; TOADD N BCD NUMBERS

MOV DPTR,#2000H

MOV RO#11 ;Total number of BCD numbers

MOV R1#00 ;To hold higher byte of the result

MOV R2#00 ;To hold the lower byte of the result
AGAIN: MOVX A,@DPTR

ADD A,R2

DA A

MOV R2,A

JNC NEXT

CLRA
MOV AR1
ADD A #01
DA A
MOV R1LA

NEXT: INC DPTR
DJINZ RO,AGAIN
MOV AR1
MOVX @DPTR,A

INC DPTR
MOV A,R2
MOVX @DPTR,A
HERE: SIMP HERE
END
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SAMPLE OQUTPUT:

Befor e Execution:

The following eleven bytes of BCD data are stored starting at external RAM address 2000H:

Memory

Address i:x:;znnnH

L_LL.@

:0=x002000: 23 4% 65 38 51 94 57 12 76 85 42 00 00 00 OO0 0O 00 OO
:0x002012: 00 OO OO OO OO OO OO OO OO OO OO0 OO 00 OO0 OO0 OO 00 OO0
:0=x002024: 00 OO0 OO0 0O OO OO0 OO0 0O OO0 OO0 OO0 0O 00 OO0 OO0 0O 00 OO0
:0=x002036: 00 OO0 OO0 0O OO0 OO0 OO0 0O OO0 OO0 OO0 0O 00 OO0 OO0 0O 00 OO0
:0=x002048: 00 OO0 OO0 0O OO0 OO0 OO0 0O OO OO0 OO0 OO OO0 OO0 OO0 0O 00 OO0
:0=x002054A: 00 OO0 OO0 0O OO0 OO0 OO0 OO 00 OO0 OO0 0O 00 OO0 OO0 0O 00 OO0
:0=x00206C: 00 OO0 OO0 0O OO0 OO0 OO0 0O 00 OO0 OO0 0O 00 OO0 OO0 0O 00 00 ;j

Memory #1 /i Memory #2 A Memory #3 A Memory #4 [

A

After Execution:

The resultant sum 588 is stored in next consecutive two memory locations after eleven bytes of
input BCD data, i.e., at locations 200BH and 200CH respectively.

Memaory

Address: [x2000H ii

:0=x002000: 23 45 65 38 51 94 57 12 Te 85 42 05 88 00 00 00 OO0 OO
:0=x002012: 00 00 OO0 OO0 00 OO0 OO OO OO OO0 00 00 OO0 OO0 00 OO0 OO0 OO0
:0x002024: 00 OO0 OO 0O 0O OO OO OO0 ©O Q0 900 OO0 OO0 00 00 OO 00 00
:0x002036: 00 OO0 OO0 00 OO0 OO OO OO0 OO QO 00 OO0 OO0 00 00 OO OO0 00
:0=x002048: 00 00 OO0 OO0 00 OO0 OO OO OO OO OO0 OO0 OO0 OO 0O OO0 OO0 OO0
:0=x002054: 00 00 OO0 OO0 00 OO0 OO OO OO OO0 00 00 OO0 OO0 00 OO0 OO0 OO0
:0x00206C: 00 OO0 OO 00 0O OO OO0 OO0 G0 00 900 OO0 00 00 00 OO0 00 00 Jﬂ

i@i 4 ﬂ hi ?iﬂ'-. Memory #1 ..-'-1 Memory %2 ,}\ Memory %3 h Memary #4 f

I
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PROGRAM - 3: Writean ALP to count the number of odd and even numbersin a block of
‘N’ numbers stored starting at RAM address 1000H. Store the result in the next
consecutive locations.

Description: This program is to count the number of odd numbers and even numbers in a block
of data containing N numbers. Here, we have considered 5 bytes of data. We have used two
registers, RO and R1 as counters to maintain the count of odd and even numbers respectively.
Since the LSB (Least Significant Bit) of all even numbersis aways 0 and for all odd numbers it
isaways 1, we have used RRC (Rotate Right through Carry) instruction to move the LSB to the
carry flag. Then, we test the carry flag status to decide whether the input byte is odd or even. The
counter values are stored in externa RAM in next consecutive memory locations after the input
bytes.

Program:
;TO COUNT ODD AND EVEN NUMBERS IN AN ARRAY

MOV RO,#00H : Odd number counter
MOV R1,#00H : Even number counter
MOV R2#5 ; No. of bytesin the block

MOV DPTR,#1000H
AGAIN:  MOVX A,@DPTR

RRCA

JNC EVEN

INC RO

SIMP NEXT
EVEN: INC R1
NEXT: INC DPTR

DINZ R2,AGAIN

MOV A,RO
MOV X @DPTR,A ;store odd no. count in memory

INC DPTR
MOV A,R1
MOVX @DPTR,A ;store even no. count in memory
HERE: SIMP HERE
END
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SAMPLE OQUTPUT:

Befor e Execution:

The following five bytes of data are stored starting at external RAM address 1000H:

H
Memary ]

Address: [#:1000H ﬂ

:0=x001000: 01 02 03 04 O5 00 OO0 OO0C OO0 QO OO0 OO0 OO0 OO OO0 00 OO0 Q0 Q0 00
:0x001014: 00 00 Q0 QQ OO0 Q0 QOO OO0 OO0 Q0O OO0 00 00 0O Q0 0OQ 00 Q0 QQ 00
:0x001028: 00 00 OO0 0Q OO0 OO0 OO0 OO0 QO QO 00 00 OO0 OO0 OO0 OO0 00 00 00 00
:0=x00103C: 00 00 OO0 Q0 OO0 Q0 OO0 OO0 OO0 QO OO0 OO0 OO0 OO0 00 00 00 Q0 Q0 00
:0x001050: 00 00 Q0 Q0 OO0 Q0 00 OO0 00 Q0 OO0 00 00 0O Q00 00 00 Q0 Q0 00
10x001064: 00 0O OO0 00 OO0 OO0 OO0 OO0 OO0 QO 00 00 OO0 OO0 OO0 OO0 00 00 00 00
:0x001078: 00 00 O

L] Memory #1 4 Memory Memory #3

T

Memary #4

After Execution:

The odd numbers and even numbers count are stored in next consecutive two memory locations
after five bytes of input datai.e., at 1005H and 1006H respectively.

Memary x|

Addresz: % 1000H ﬂ

:0x001000: 01 02 03 04 05 03 02 00 00 00 OO0 OO0 OO OO OO0 OO 00 00 00 00
:0x001014: 00 00 OO0 00 OO0 OO0 OO0 00 00 00 00 00 OO0 00 00 00 00 00 00 00
:0x001028: 00 00 00 OO OO0 QO 0O OO OO0 Q0 OO0 00 OO0 OO0 00 00 00 OO0 00 00
:0x00103C: 00 00 0O 00 00 00 00 00 00 00 00 00 OO0 00 00 00 00 00 00 00
:0x001050: 00 00 00 00 00 OO0 OO0 00 00 00 00 00 OO0 00 00 00 00 00 00 00
:0x001064: 00 00 OO 00 OO OO OOC OO0 OO0 00 OO0 00 OO OO 00 OO0 00 00 00 00
Ox001078: 00 00 0

DT Memory #1 £ Memory

o e el

Dept. of CSE, SIT, Tumakuru-3 Page 46



Microcontroller Laboratory Manual

PROGRAM - 4. Write an ALP to add two multi-byte numbers stored at RAM address
9000H and 9100H. Stor e the multi-byte result at RAM address 9200H.

Description: This program isto add two multi-byte numbers which are stored in external RAM.
Here, we have considered two 5-byte numbers. Starting from the least significant bytes in both
the numbers, we perform addition byte by byte and add the next consecutive bytes aong with the
carry using ADDC (ADD with Carry) instruction. The two 5-byte numbers and the resultant
number are stored in Little Endian format in the memory.
Examples  3475514312H

+9247351454H

C6BC865766H
Program:
; TOADD TWO MULTIBYTE NUMBERS

MOV DPL,#00H
MOV R1,#5 ; No. of bytesin the input number
MOV R2#90H
MOV R3#91H
MOV R4,#92H
CLRC

NXT_BYTE: MOV DPH,R2
MOVX A,@DPTR
MOV R5A

MOV DPH,R3
MOVX A,@DPTR

ADDC AR5
MOV DPH,R4
MOVX @DPTR,A

INC DPL
DINZ R1LNXT_BYTE
CLRA
ADDCAR1
MOVX @DPTR, A
HERE: SIMP HERE
END
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SAMPLE OQUTPUT:

Befor e Execution:

The following five byte number is stored starting at external RAM address 9000H in Little
Endian format:

Memory @
Addreszs: [*:9000H ﬂ
X:0xD05000: 12 43 51 75 34 00 00 OO 0O €00 OO0 OO0 OD OO QO QOO QO CO OO OO
[X:0=xD0%014: 0D OO ©D OO ©D ©O OO OO OO OO ©CO ©O OO0 OO OO OO QO 0O 00 00
[X:0=xD0%D28: 0D OO OO QD ©OD ©O OO OO OO OO OO ©O OO0 OO OO OO 0O 0O 0O 00
[X:0=xD08D3C: 0D OO 0D QD ©OD OO OO OO OO OO OO ©0O OO0 OO OO0 OO 0O 0O OO 00
X:0=005050: 00 0O 00 0O 0O 9? o0 0O 00 OO OO0 OO OO0 OO OO OO OO 0O OO0 00
X:0=xD0S%D&4: OO0 OO 0O 00 0O Qg o0 00 00 00 OO OO 0D OD OO ©O OO0 0O 00O 00
.................... _Memary =3

The following five byte number is stored starting at external RAM address 9100H in Little
Endian Format:

Memory @

Address: (5:9100H ﬂ

:0x009100: 54 14
:0=x005114: Q0 QO
:0=x005128: Q00 0O
:0x00913C: 00 00
:0x009150: 00 00
t0x00B2164:

R

After Execution:

The sum of two five-byte numbersis stored starting at address 9200H in Little Endian Format.

Memary E@
Address: !x;azunH ii

:0=x00%9200: &6 57 86 BC C& 00
:0=x0D0%214: 00 00 OO OO0 0O 0O
t0=x009228: 00 00 OO0 OO OO 0O
:0=00%23C: 00 00 OO OO0 OO 0O

:0=x008250: 00 00 OO0 OO OO 00
:0=xD0%264: 00 0D OO OO0 OO 0O

_Memory #1 A Memory #2
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PROGRAM - 5: Write an ALP to search for the key element in a block of ‘N’ bytes. If the
number is present, show its position in the RAM location, 1050H. Otherwise, show FFH in
1050H location. Assume the key element is stored at RAM address 1000H and the data
block startsat the RAM location 1001H.

Description: This program is to search for a specific key element in a block of N bytes of data.
Here, we have considered 4 bytes of data in the memory block. We use simple linear search
technique to search for the key element. If it is a successful search then, we store the position of
the key element at address 1050H. Otherwise, we store FFH at address 1050H to indicate the

failure status.

Program:
; LINEAR SEARCH

RESULT EQU 1050H
KEY EQU 1000H
SIZE EQU 4H

MOV DPTR#KEY ; RAM address of key element
MOV R1,#00H

MOVX A,@DPTR

MOV RO,A

BACK: INCDPTR
MOVX A,@DPTR
CINE A,00H,NEXT
SIMP SUCCESS

NEXT: INCR1

CINE R1#SIZE,BACK

MOV R1#0FFH
SUCCESS:MOV DPTRARESULT

MOV A,R1 ; Transfer position of key element to A
MOVX @DPTR,A

HERE: SIMPHERE

END
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SAMPLE OUTPUT1:

Befor e Execution:

The key element 34H is stored at externa RAM address 1000H and the four array elements are
stored starting at external RAM address 1001H:

Memary

Address: [»:1000H :‘:l

:0x001000: 34 26 25 61 12 00 00 OO0 00O 00 Q0 OO0 OO OO0 QO 00 OO0 QOO0 00 QO
t0x001014: 00 OO0 OO OO0 OO OO OO0 OO OO OO OO0 OO OO0 OO0 OO0 00 OO0 OO0 00 00
:0=x001028: 00 OO OO0 OO OO OO OO OO 00 OO 00 OO0 OO0 OO0 OO0 OO0 OO0 00 00 00
:0=x00103C: 00 OO OO0 OO 00 OO OO0 OO OO0 OO 00 OO0 OO0 OO OO0 OO0 OO0 00 00 00
:0=x001050: 0O OO OO0 OO OO0 OO OO0 OO OO0 OO 00 OO0 00 OO OO0 OO0 OO0 00 00 00
:0x001084: 00 OO0 OO0 OO0 OO0 00 OO0 OO0 00 00 Q0 OO0 00 00 QO 00 OO0 00 00 0O

R

Memary #2

Memory #4

After Execution:

Since the key element 34H is not found in the array, FFH is stored at externa RAM address
1050H to indicate failure.

Memaory

Addregs: ]:-::1 050H i’

:0=x001050: FF 00 00 00 OO0 OO0 00O 0O 00 Q00O 00 00 0O 00 0O 00 00 QO OO 0O
:0=001064: 00 00 OO0 00 OO0 OO0 00O OO 00 Q0O 00 00 0O 00 QO 00 00 0O 00 00
:0=001078: 00 OO0 OO OO OO OO OO OO OO OO OO0 OO OO OO0 OO OO0 0O 0O OO0 00
:0=x00108C: 00 00 OO0 00 OO0 OO0 00O OO OO0 Q0O 00 00O 0O 00 QO 00 00 QO 00 00
:0=0010R0: 00 OO0 OO0 00 OO OO0 00O OO 00 Q00O 00 00 00 00 QO 00 00 0O 00 00
:0=x0010B4: 00 OO0 OO0 OO OO OO0 OO OO OO OO 00 OO OO OO0 OO OO0 OO 0O OO 0O

00 00 00
Memory #2

4R

_Memory #1

Memory #3 #,_Memary #4
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SAMPLE OQUTPUT?2:

Befor e Execution:

The key element 54H is stored at external RAM address 1000H and the four array elements are
stored starting at external RAM address 1001H:

Memary

Address: > 1000H :‘il

:0=x001000: 54 20 12 54 &7 00 00 OO0 OO OO0 OO0 OO OO OO0 OO0 OO OO OO0 OO0 0O
:0=x001014: 00 OO OO0 OO0 OO OO 00 OO0 OO OO0 OO0 OO QO 00 OO0 OO0 0O OO0 OO0 0O
:0=x001028: 00 OO OO0 OO0 OO OO OO0 OO0 OO 00 OO0 OO0 00 00 OO0 OO0 0O OO0 OO0 0O
:0=x00103C: 00 ©OO 00 OO0 OO0 QO 00 OO0 0O 00 00 OO0 Q0 00 00 OO0 00 00 00 QO
:0=x001050: OO0 OO OO OO0 OO OO 00 OO0 OO OO0 OO0 OO OO 00 OO0 OO0 OO OO0 OO0 0O
:0=x0010p4: 00 OO OO0 OO0 OO OO 0O OO OO OO0 OO0 OO QO 00 OO0 OO0 0O OO0 00 0O

3 A -

Memory #2

Memory #4

After Execution:

Since the key element 54H is found in the array at position 02, the external RAM address 1050H
contains the position 02 to indicate successful search.

Memary

Addrezs: |4 1080H ﬂ

:0x001050: 02 00 00 OO0 OO0 OO0 OO OO0 OO OO0 OO0 OO0 OO0 00 OO0 00 OO0 00 00 00

:0x001064: 00 OO0 OO0 ﬂG 00 00 00 O0 OO OO0 OO0 OO0 OO OO0 OO0 00 OO0 00 00 00
:0x001078: 00 OO OO OO OO0 OO OO0 OO0 0O 00 OO0 OO0 OO OO0 OO 00 OO0 00 OO0 00
:0x00108C: 00 OO OO OO OO OO OO0 OO0 0O 00 OO0 OO0 OO 00 OO 00 OO0 00 OO0 00
:0x0010RA0: 00 OO0 OO0 OO OO0 OO OO OO0 OO OO0 OO OO0 OO OO0 OO 00 OO OO0 OO0 00
:0x0010B4: 00 OO0 OO0 OO OO OO OO OO0 OO OO OO OO0 OO OO0 OO OO0 OO OO0 OO0 00

00 00 00
Memory #2

s s

_Memory #1 Memory #3 _j, Memory #4

B L [o o B
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PROGRAM - 6: Write an ALP to convert the binary number stored at RAM location
1000H into BCD and storetheresult in the next consecutive locations.

Description: This program is to convert the binary number to BCD i.e, we take one
hexadecimal number in external memory and convert it into BCD. We are using A (lower byte)
and RO (higher byte) registers to store the result. These register contents are transferred to the
external RAM address 1001H and 1002H respectively.

Program:
; TO CONVERT BINARY NUMBER INTO BCD

MOV DPTR, #1000H

MOVX A,@DPTR ; fetch the input hexadecimal number from memory
MOV B,#100

DIV AB

INC DPTR
MOV ROA

MOV AB
MOV B,#10
DIV AB

SWAPA
ORL A,B

MOVX @DPTR, A ;transfer lower byte of the result to memory
INC DPTR

MOV A,RO

MOVX @DPTR,A ;transfer higher byte of the result to memory

HERE: SIMP HERE
END
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SAMPLE OQUTPUT:

Befor e Execution:

The binary number 41H is stored at external RAM address 1000H.

Memory 3

Address: [+:1000H il

X:0x001000: 41 00 00 OO0 0O OO OO0 OO OO0 OO0 OO0 00 00 00 00 OO0 00 OO0 00 OO0
X:0x001014; €00 OO0 00 00 OO OO OO OO OO OO OO 0O OO 0O 00 OO0 00 OO0 00 OO0
X:0x001028: 00 OO0 00 OO0 OO OO OO OO OO0 QO OO 00 OO0 00 00 OO0 00 OO0 00 OO0
X :0x00103C:

X :0x001050:

=

t0x001064:

- 78:
{14 i 4 i > i M S memany X4

After Execution:

The Resultant BCD number 65 is stored at external RAM address 1001H.

Memory

Addrez: [»:1000H ﬂ

:0=x001000: 41 &5 00 00 OO 00 OO0 OO OO 0O OO0 OO OO OO OO0 OO0 OO0 OD 0O 0O
:0=x001014: 00 00 OO 0D OO OO0 OO OO OO 0O OO OO OO OO OO0 OO OO0 OD 0O 0O
:0=x001028: 00 00 OO 0D OO OO OO OO OO OO OO OO OO OO OO0 OO OO0 OD 0O 0O
:0=x00103C: 00 00 0O 0D OO OO0 OO OO OO 0O OO0 OO OO OO OO0 OO OO0 OD 0O 00
:0=x001050: 00 00 Q0O 0D OO OO0 OO OO OO 0O OO OO OO OO OO0 OO OO0 OD 0O 0O
:0=x001064: 00 00 0O 0D OO OO0 OO OO OO 0O OO OO OO OO OO0 OO OO OD 0O 0O

A J8: 00 00 O
AL R H, Memory #1

A

Memory #2 Memory #3
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PROGRAM - 7: Writean ALP to computethe GCD and LCM of two 8-bit numbersstored
at RAM locations 1000H and 1001H and storetheresult in the next consecutive locations.

Description: This program is to compute the GCD and LCM of the two numbers stored in the
external memory. Here, we have used Euclid’s algorithm to compute the GCD. LCM is
computed by multiplying the two input numbers and dividing it by the GCD. The resultant GCD
and LCM are stored in external RAM in the next consecutive memory locations after the input
data.

Program:
;TOFIND GCD AND LCM OF TWO 8BIT NOS

MOV DPTR,#1000H
MOVX A,@DPTR ; fetch the first number from memory
MOV RO,A

INC DPTR
MOVX A,@DPTR ; fetch the second number from memory
MOV R1,A

MOV B,A
MOV A,RO

AGAIN: MOV R2,B
DIV AB

MOV A,R2
MOV R3,B
CINE R3,#00,AGAIN

INC DPTR
MOVX @DPTR,A ; storethe GCD in memory

MOV A,RO
MOV B,R2
DIV AB

MOV B,R1
MUL AB

INC DPTR
MOVX @DPTR,A ; storethe lower byte of LCM in memory
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MOV A,0FOH
INC DPTR
MOVX @DPTR,A ; storethe higher byte of the LCM in memory

HERE: SIMP HERE
END

SAMPLE OQUTPUT:

Befor e Execution:

The two input data bytes 15 (OFH) and 35 (23H) are stored at external RAM address 1000H and
1001H respectively.

Memory @

Address: [+:1000H j

:0=x001000: OF 23 00 OO OO OO 0O OO 0O OO OO 0O 0O OO0 OO 0O 0O 0O OO 0O
:0=x001014: 00 00 00 OO OO OO OO OO 0O OO OO OO 0O OO0 OO OO 0O 0O OO0 0O
:0x001028: 00 00 00 OO 0O OO QO 0O 00 0O 0O 0O 00 OO0 00 0O 00 0O 00 00
:0=x00103C: 00 0O 00 OO OO OO 0O OO 0O OO 0O 0O 0O OO0 OO 0O 00 0O OO 0O
:0=x001050: 00 00 00 OO 0O OO 0O OO 0O 0O QO 0O 0O OO0 OO 0O 0O 0O OO 0O
:0=x0010&64: 0O 0O 00 OO OO OO 0O OO 0O OO 0O 0O 0O OO0 OO 0O 00 0O OO0 0O

iR

_Memary #2 A Memory #3 A Memory #4

After Execution:

The Resultant GCD, 05 and LCM, 105 (69H) are stored at externa RAM address 1002H and
1003H respectively.

Memary

Address: [5:1000H ii

:0x001000: OF 23 05 &9 00 00 OO0 OO OO OO0 OO0 OO OO OO0 OO OO OO 0O OO OO
:0x001014: 00 OO0 OO0 OO OO 00 OO0 OO OO OO0 OO0 OO OO OO0 OO OO0 OO0 0O OO OO0
:0x001028: 00 OO0 OO0 OO OO OO0 OO OO OO OO OO0 OO OO OO0 OO OO0 OO0 0O OO 0O
:0x00103C: 00 00 OO0 OO OO 00 OO0 OC OO OO OO0 OO OO OO0 OO0 OO0 OO0 0O 0O 0O
:0x001050: 00 00 OO0 OO OO OO0 OO0 OO OO OO0 OO0 OO OO OO0 OO0 OO0 OO0 00 0O 00
:0x001064: 00 OO0 OO0 OO OO 00 OO0 OO OO OO0 OO0 OO OO OO0 OO OO0 OO0 0O OO OO0

G

_Memory #3 A Memoary #4
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PROGRAM-8: Writean ALP to simulate BCD up counter.

Description: This program counts the BCD number from 00 to 99. The A register is loaded with
the initial value 0. This value is sent to port P1. Each time, avalue 1 is added to the A register
and DA A instruction is used so that the data in A register is in correct BCD form. This BCD
number is sent to port P1. We introduce suitable delay between each data so that counter can be
simulated. The processis repeated infinitely to count from 00 to 99 BCD.

Program:
;SIMULATION OF BCD UP COUNTER

CLRA
BACK: MOV P1LA :send data to port P1
ACALL DELAY
ADD A #01
DA A ;decimal adjust the content of A after addition
SIMP BACK

DELAY: MOV R3,#03FH
LOOP3: MOV R2#0FFH
LOOP2: MOV R1#0FFH
LOOPL: DJINZ R1,LOOP1
DJINZ R2,LOOP2
DJINZ R3,LOOP3

RET
END

SAMPLE OUTPUT:

The BCD up counter is simulated on PORT P1 which counts from 00-99.

' i

Parallel Port 1 28
Part 1
Bitz 0

7
PL[0«0T T TTTT ™
Fins 0= TTTTTT
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PROGRAM - 9: Write an ALP to arrange the ‘N’ 8-bit numbers stored starting at RAM
address 2000H in ascending order using Bubble Sort technique.

Description: This program is to sort the N 8-bit numbers stored in memory in ascending order
using Bubble sort technique. Here, we have considered 4 8-bit numbers in the memory. The

resultant numbers after sorting can be seen in the memory.

Program:

;TO ARRANGE 'N' 8-BIT NUMBERS IN ASCENDING ORDER
MOV RO#4
DEC RO ; Total number of passes

NXT_PASS. MOV DPTR,#2000H
MOV R1,00H ; Total number of comparisonsin each pass

NXT_CMP: MOV R2,DPL
MOVX A,@DPTR
MOV OFOH,A

INC DPTR
MOVX A,@DPTR
CINE A, OFOH,NOT_EQ
SIMPNO_SWAP
NOT_EQ: JINC NO_SWAP

MOV DPL,R2
MOVX @DPTR,A
INC DPTR

MOV A,0FOH
MOVX @DPTR,A

NO_SWAP: DINZ R1,NXT_CMP
DINZ RO,NXT_PASS

HERE:SIMP HERE
END
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SAMPLE OUTPUT:

Befor e Execution:

The following four 8-bit numbers are stored starting at address 2000H:

Memory

Address: [%:2000H

T

:0x002000:
:0x002014:
:0x002028:
:0x00203C:
:0x002050:
:0x002064:

2 B
fj!‘* .'Fﬁ.tjﬂah_ﬁarﬂmf_l.

87
0o
0o
0o
0o
0o
0o

45
0o
0o
0o
0o
0o
0o

12
0o
0o
0o
0o
0o
0

o8
0o
0o
0o
0o
0o

0o
0o
0o
0o
0o
0o

0o
0o
0o
0o
0o
0o

00
00
00
00
0o
00

0o
0o
0o
0o
0o
0o

0o
0o
0o
0o
0o
0o

_Memory #3

0o
0o
0o
0o
0o
0o

0o
0o
0o
0o
0o
0o

0o
0o
0o
0o
0o
0o

0o
0o
0o
0o
0o
0o

00
00
00
0o
0o
0o

0o
0o
0o
0o
0o
0o

00
00
00
0o
0o
00

0o
0o
0o
0o
0o
0o

0o
00
0o
0o
0o
00

0o
0o
0o
0o
0o
0o

After Execution:

The four 8-bit numbers after sorting are shown below:

Memaory

Address: [+ 2000H

:0x002000:
:0x002014:
:0x002028:
10=x00203C:
10x002050:
:0x002064:

12
0o
0o
Qo
0o
0o

45
00
0o
00
0o
00

58
0o
0o
oo
0o
0o

a7
0o
0o
oo
0o
0o

0o
00
0o
0o
00
00

0o
0o
0o
oo
0o
0o

0o
0o
0o
oo
0o
0o

0o
0o
0o
oo
0o
0o

0o
0o
0o
oo
0o
0o

Memory #3

0o
0o
0o
oo
0o
0o

0o
0o
0o
oo
0o
0o

0o
0o
0o
oo
0o
0o

_Memory #4

0o
0o
0o
oo
0o
0o

0o
0o
0o
oo
0o
0o

oo
0o
0o
Qo
0o
0o

0o
0o
0o
oo
0o
0o

0o
0o
0o
oo
0o
0o

00
00
00
00
00
00

0o
0o
0o
oo
0o
0o

0o
0o
0o
Qo
0o
0o
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PROGRAM - 10: Write an ALP to multiply an 8-bit number stored at RAM location
1000H with a 16-bit number stored at RAM locations 1001H and 1002H. Storetheresult in

the next consecutive locations.

Description: This program is to multiply an 8-bit number with a 16-bit number. The input
numbers are stored in external memory. We first multiply the lower byte of the 16-bit number
with 8-bit number and store the 16-bit result in R3 (lower byte) and R4 (higher byte). Then, we
multiply the higher byte of the 16-bit number with 8-bit number and store the 16-bit result in R5
(lower byte) and R6 (higher byte). Then, we add the R4 and R5 contents and store the result in A
register. The carry generated is added with R6 register content. The result held in R3 and A are

stored in memory.

Program:
;MULTIPLICATION OF 16 BIT NUMBER WITH 8 BIT NUMBER

MOV DPTR,#1000H
MOVX A,@DPTR ;Read the 8-bit data from external memory
MOV ROA

INC DPL

MOVX A,@DPTR ;Read the lower byte of the 16-bit data from external memory
MOV OFOH,A

INC DPL

MOVX A,@DPTR ;Read the higher byte of the 16-bit data from external memory

MOV R1,A

MOV A,RO

MUL AB :Multiply the 8-bit data with the lower byte of 16-bit data
MOV R3A

MOV R4,0FOH

MOV B,R1

MOV A,RO

MUL AB :Multiply the 8-bit data with the higher byte of 16-bit data

MOV R5A
MOV R6,B

INC DPL

MOV A,R3
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MOVX @DPTR,A
MOV A,R4
CLRC

INC DPL

ADD A,R5
MOVX @DPTR,A
CLRA
ADDCA,R6

INC DPL
MOVX @DPTR,A
HERE:SIMP HERE
END

SAMPLE OUTPUT:

Befor e Execution:

The 8 bit data 34H is stored at external RAM address 1000H and 16 bit data 2745H is stored in
Little Endian format at address 1001H.

Address: ]><;1 0ooH

Memory =]
=

(X:0=x001000: 34 45 27 0O ©O OO OO OO ©O ©O OO OO OO ©OO OO OD OO DO OO OO
(:0x001014: 00 00 0O aClCi o0 00 OO OO OO OO OO OO ©O OO OO OO OO OO ©O OO
X:0=x001028: OO OO OO ©O OO OO OO OO ©O ©OO OO OO OO ©OO OO OO OO OO OO OO
X:0=x001023C: OO OO OO OO ©CO OO OO OO OO ©OO OO OO DO ©OO OO OD OO DO DO 0O
[X:0=x001050: OO OO OO OO ©CO OO OO OO ©OO OO OO OO DO ©OO OO OD OO DO DO 0O
[{:0x001064: OO0 OO OO OO €CO OO OO OO OO OO OO OO DO OO OO OO OO DO OO QO
; TH: 00 00 © =
14 | FY Memory #1 Memory =2 Memory #3 _Memory #4

After Execution:

The result of multiplication 7FA04H is stored starting at external RAM address 1002H in Little
Endian Format.

Memory E@

AddmaixﬂmmH Eii

M:O0x001000: 34 45 27 04 FA O7 00 00 OO0 OO0 OO0 OO0 OO OO0 OO0 OO OO0 OO OO OO0

M:0x001014: OO OO0 OO0 OO OO OO0 OO OO0 OO0 OO0 OO0 OO0 OO0 00 OO0 OO OO0 OO OO 00

¥ : 0x001028: OO0 OO OO0 OO OO OO OO OO OO OO OO0 OO0 OO0 0O OO0 OO0 OO OO0 OO 00

X 0=x00103C: OO OO ©O 90 OO0 OO0 OO 9O OO OO0 OO0 OO0 OO0 OO0 OO0 OO0 OO0 OO0 00 00

M:O0x001050: OO0 OO0 OO0 OO OO0 OO0 OO0 OO0 OO0 OO0 OO0 OO0 OO 00 OO0 OO OO0 OO OO0 00

M:0x001064: OO0 OO0 OO0 OO OO OO0 OO OO0 OO OO0 OO0 OO0 OO0 00 OO0 OO OO0 OO0 OO 00

2z ZH: 00 OO0 O et

14 s Memory #1 4 Memory #2 A Memory #3  #f Memory ¥4
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EXERCISE FOR PART - A

Writean 8051 Assembly language program for the following:

1. Makethelower nibble of R2 the complement of the higher nibble of R3.

2. Exchange the lower nibbles of registers R4 and R5.
3. Double the unsigned number in register R2 and put the result in R3 (MS byte) and R4

(LS byte) using RLC instruction.

Random unsigned numbers are placed in registers RO to R4. Find the largest number and
putitin R6.

Double the unsigned number in register R2 and put the result in R3 (MS byte) and R4
(LS byte) using MUL instruction.

Swap the nibbles of RO and R1 so that the lower nibble of RO swaps with the higher
nibble of R1 and higher nibble of RO swaps with the lower nibble of R1.

Double the unsigned number in register R2 and put the result in R3 (MS byte) and R4
(LS byte) using ADD instruction.

8. Rotate DPTR one place to the left so that bit15 becomes bitO and so on.
9. Treat registers RO and R1 as 16-bit registers, and rotate them one place to the right so that

10.
11.

12.
13.

14.

bit0 of R1 becomes bit7 of RO, bitO of RO becomes bit7 of R1 and so on.

Decrement DPTR from any initialized value to 0025H.

Use R4 (LSB) and R5 (MSB) as a single 16-bit counter and decrement the pair until they
become equal to 0000H.

Set every third byte in internal RAM from address 20H to 7FH to 1.

Put the address of each internal RAM location from address 30H to 70H as their content.
(Put 30H asdatain location 30H, 31H as datain location 31H and so on).

Count the number of bytes in external RAM locations 2000H to 3000H that are greater
than the random unsigned number in R2 and less than the random unsigned number in
R3. Useregisters R5 (LSB) and R6 (MSB) to hold the count.
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PART -B
INTERFACING MODULESUSED:

All-in-one /O interface board

\ Stepper Motors

Printer Port Cable to Connect PC

4

DC/AC Gadget Interface

The Different Interfacing M odules Integrated in this All-in-one I/O Interface Board is.....
1) Logic Controller (8 input switches, 8 output LEDS)

2) Seven Segment Display Module (4 Digits, Implemented using Shift Registers)
3) LCD Interface (2x16 lines)

4) Stepper Motor Interface

5) DAC Interface

6) ADC Interface

7) Temperature Sensor Interface

8) AC Gadget Interface

9) Industrial Sensors Input Interface

10) Elevator Interface

11) Keyboard Interface
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8051 Microcontroller Board

& 1OE Begt, EWLE

% RRF p e
FiINEWE ey ¥ wY

The 8051 microcontroller board is connected to the CPU through a USB to UART bridge. The
I/O interface board is connected to this 8051 microcontroller board. Using Keil IDE, the hex file
is generated and using Flash Magic tool, the hex file is dumped into ROM of the 8051

Microcontroller so that we can work with the I/O interfacing programs.
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LOGIC CONTROLLER INTERFACE

Po-© LED
o

Po- 2
Po.3 —
Po-t

805 | Po-5 ~ =D}

HC Peeteeeacll T
Po} 4

e m:tj\] LoweR NIBBLE
\ -

P\ MU¥X
=, TR
‘Pl.;_,__-‘ L —N— | HiHER NIBBLE
PlL.3b—| sSEL  —N
| +5V
Pi.

For Logic Controller Interface, port P1 of 8051 is used as an input port and port PO is used as an
output port. Port PO pins of 8051 are connected to the output LEDs of the logic controller. If FFH
is sent on port PO pins, then all the output LEDs will glow to indicate ON state. If O0H is sent on
PO pinsthen al the eight LEDs will be in the OFF state.

An 8-bit data cannot be read at a time from the logic controller being used. Hence, the data is
read nibble by nibble. The switches used to set the input in the logic controller are connected to
8:4 MUX with control pin, SEL connected to port P1 pin, P1.4.The toggle switches are
associated with LEDs to indicate the state of the switches. When the switch is opened, the LED
is turned OFF and when the switch is closed, LED is turned ON. The output of MUX is
connected to the lower order 4 bits of port P1. When the SEL pin goes low, 8051 reads the lower

byte of the input data through port P1. When SEL pin goes high, 8051 reads the higher byte of
the input data.
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PROGRAM - 1: Write an 8051 C program to design a counter for counting the pulses of
an input signal fed through pin P3.4. Display each count on the logic controller interface.

(Use Counter 0in mode2. The Count must be specified by the examiner).

#include<reg51.h>
void main()
{
T1=1;
TMOD=0x06; //Counter 0 in Mode2
THO=0X00;
TLO=0x00;

while(1)
{
do
{
TRO=1; //start the counter
PO=TLO;// Send the count to Port PO
}while(TFO==0);
TRO=0;
TFO=0;
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PROGRAM - 2: Write an 8051 C program to read the status of 8 input bitsfrom the Logic
Controller Interface and display ‘FF’ if it is even parity bits otherwise display 00. Also

display number of 1’s in the input data.

#include<reg51.h>
typedef unsigned char tbyte;
typedef unsigned int tword;
shit SEL=P1"4;
tbyte countOnes(tbyte x)
{

tbyte i,count=0;

for(i=0;i<8;i++)

{
if(x& (0x01<<i))
count++;

}

return count;

tbyte readinput(void)
{
tbyte temp=0;
SEL=0;
temp=P1 & 0xOf; //Read lower nibble of the input data
SEL=1;

temp=(P1 & 0x0f)<<4 [temp; //Read higher nibble of the input data
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return temp;
}
void delayM s(tword x)
{ tbytei;
while(x--)

for(i=0;i<200;i++);

void main(void)
{
tbyte temp,count;
while(1)
{
temp=readlnput();

count=countOnes(temp);

if (count%2==0)
PO=0xff;
else
PO=0x00;
delayM S(1000);
PO=count;

delayM S(1000);
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PROGRAM - 3: Write an 8051 C program to compute x * y using Logic Controller
I nterface.
#include<reg51.h>

typedef unsigned char tbyte;
typedef unsigned int tword;
shit key1=P3"2;

shit key2=P3"3;

shit key3=P3"4;

shit SEL=P1"4;

tbyte readnput(void)

{
tbyte temp;
SEL=0;
temp=P1 & Ox0f;
SEL=1;
temp=(P1& Ox0f)<<4|temp;
return temp;

}

void delayM S(tword x)

{
tbytei;
while(x--)
for(i=0;i<200;i++);

}
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int main(void)

{
tbyte a=0,b=0;
tword c=0;
while(1)
{
if('keyl)
{
a=readinput(); //Read the first 8-bit number
PO=a;
delayM S(200);
PO=0x00;
delayM S(200);
}
if('key2)
{
b=readInput(); //Read the second 8-bit number
PO=b;
delayM S(200);
PO=0x00;
delayM S(200);
}
if('key3)
{

c=a* b; //[Compute the product
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PO=c & Oxff;
delayM S(500);
PO=c>>8;

delayM S(1000);
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SEVEN SEGMENT DISPLAY INTERFACE

‘ R

b
i .J[J

.’ \
;-.154 24164 ek ':I 161 DATA <7 :I 00 of data por:
B gy

The above figure shows a 4-digit seven segment display interface. It is of common anode type.

i.e., to make a corresponding segment glow (ON), bit value 0 is to be sent and to turn off any
particular segment, bit value 1 need to be sent. Below table shows the construction of seven

segment code to display 3 on the seven segment display interface.

Thisis BO in hexadecimal. A Serial In Parallel Out shift register is used to send the 8 bits of data
to the Seven segment display. To send the seven segment code BOH, start sending the bits from
MSB onwards i.e., D7 first, D6 next and so on with DO being the last. The data bits are sent
through Port P0.0 pin. Clock pulses are required to clock in the data, 8 clock pulses are required
to display one byte of data. As the shift registers are cascaded, 8*4=32 clocks are required to
clock in 4 bytes of data. To send “1234”, first we have to send seven segment code of ‘1’, then

‘2°,*3” and lastly ‘4’. Common clock is applied through Port PO.1 pin.
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PROGRAM - 4: Write an 8051 C program to display the messages LIFE and HELP
alternately on a 4-digit seven-segment display I nterface.
#include <reg51.h>

typedef unsigned char tbyte;
shit DAT=PO"0;
shit CLK=PO"1;
void writeSeg(tbyte x)
{ tbytei;
for(i=0;i<8;i++)
{
if(x & (0x80>>i))
DAT=1,
else
DAT=0;
CLK=0;

CLK=1;

}
void delayM S(tword x)

{
tbytei;
while(x--)
for(i=0;i<200;i++);

Dept. of CSE, SIT, Tumakuru-3 Page 72



Microcontroller Laboratory Manual

int main(void)
{
tbyte LIFE[4]={ 0X C7,0xCF,0x8E,0x86} ;
tbyte HEL P[4]={ 0x89,0x86,0xC7,0x8C} ;
tbytei;
while(1)
{
for(i=0;i<4;i++)
writeSeg(LIFE[i]);
delayM S(200);
for(i=0;i<4;i++)
writeSeg(HELPYi]);
delayM S(200);
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PROGRAM - 5: Write an 8051 C program to display the message “dEPt OF CSE” from
right-to-left and left-to-right on a 4-digit seven-segment display I nterface.

#include <reg51.h>

typedef unsigned char tbyte;
typedef unsigned int tword;
shit DAT=PO"0;

shit CLK=P0O"1,

void writeSeg(tbyte x)
{
tbytei;

for(i=0;i<8;i++)

{
if(x & (0x80>>i))
DAT=1,
else
DAT=0;
CLK=0;
CLK=1,
}
}
void delayM S(tword x)
{
tword i;
while(x--)
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for(i=0;i<200;i++);

void main(void)

{

thytemsg[]={ Oxff,Oxff,0xff,0xff,0xA 1,0x86,0x8c,0x87,0xff,0xc0,0x8e,0xff,0xc6,0x92,0x86,0xff, 0xff,0xff,0xff} ;

chari,j;
while(1)
{
for(i=0;i<16;i++) /[*right to left */
{
for(j=i;j<i+4;j++)
writeSeg(msgfj]);
delayM S(300);
}
for(i=14;i>=0;i--) /*Lefttoright */
{
for(j=i;j<i+4;j++)
writeSeg(msgfj]);
delayM S(500);
}
}
}

Dept. of CSE, SIT, Tumakuru-3 Page 75



Microcontroller Laboratory Manual

STEPPER MOTOR INTERFACE
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The operating voltage for stepper motor is +12V DC. The stepper motor has four stator
windings. The stator windings or coils are connected to the Darlington pair transistors to
energize each coil. The Darlington transistor base is connected to the port PO (P0.4-P0.7). The
step angle is 1.8° i.e., 200 steps per revolution. The port PO bits P0.7, P0.6, PO.5 and P0.4 are
used to energize the four windings.

Data pattern to be sent through Port PO to rotate the motor is as follows:

For clockwise For anticlockwise
PO.7 P06 PO5 P04 <windings> PO.7 PO.6 P05 P04
1 0 0 0 0 0 0 1
0 1 0 0 0 0 1 0
0 0 1 0 0 1 0 0
0 0 0 1 1 0 0 0

(The motor will move by 1 step for every pattern change)
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PROGRAM - 6: Write an 8051 C program to drive a Stepper motor | nterface to rotate the
motor by N stepsin clockwise direction and N steps in anti-clockwise direction. Introduce

suitable delay between successive steps.

#include <reg51.h>
typedef unsigned char tbyte;

typedef unsigned int tword;

shit W3=P0"7;
shit W2=P0"6;
shit W1=P0O"5;

shit W0=P0"4;

tbyte no_of steps clk=100;

tbyte no_of steps anticlk=100;

void delayMs(tword x)
{
tword i;
while(x--)

for(i=0;i<200;i++);
}
void main(void)

{
while(1)

W3=1;,W2=0;W1=0;W0=0; delayMs(100);if(--no_of steps clk==0)break;
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W3=0;W2=1;W1=0;W0=0; delayMs(100);if(--no_of steps clk==0)break;
W3=0;W2=0;W1=1;W0=0; delayMs(100);if(--no_of _steps clk==0)bresak;

W3=0;W2=0;W1=0;W0=1,; delayM s(200);if(--no_of steps clk==0)break;

}
while(1)
{

W3=0;W2=0;W1=0;W0=1;delayM s(100);if(--no_of steps anticlk==0)break;
W3=0;W2=0;W1=1;W0=0;delayM s(100);if(--no_of steps anticlk==0)break;
W3=0;W2=1;W1=0;W0=0;delayM s(100);if(--no_of steps anticlk==0)break;

W3=1;W2=0;W1=0;W0=0;delayM s(100);if(--no_of steps anticlk==0)break;

}
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LIQUID CRYSTAL DISPLAY (LCD) INTERFACE
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LCD consists of Display Data RAM (DDRAM), CGROM (Character Generator ROM), shift
registers, bit/pixel drivers, refreshing logics and LCD controllers. The data to be displayed on
LCD isto be written on to the DDRAM using ASCII format. CGROM contains bit/pixel patterns
for every character to be displayed (Preprogrammed).Shift registers are used to convert CGROM
parallel datato serial data. Drivers are required to drive (ON/OFF) the bits. Refreshing logics are
required to hold the display data, as the dots are displayed row by row basis continuoudly, like in
CRT.
Whatever the data you write to LCD is of two types, either it is a command written to the
instruction command code register of LCD (Configuration) or ASCII code of character to be
displayed on LCD (DDRAM) which iswritten to the data register of LCD.
The RS (Register Select) pin is used for selection of either the command register or the
dataregister.
» If RS =0, then the instruction command code register is selected, allowing the
user to send a command such as clear display etc.
= If RS= 1, then the data register is selected, allowing the user to send data to be
displayed on the LCD.

R/W (Read/Write) pin alows the user to write information to the LCD or read
information from it. R/'W = 1 when reading; R/W=0 when writing.

E (Enable) pin is used by the LCD to latch the information present at the data pins. When
datais supplied to data pins, a high-to-low pulse must be applied to this pin in order for
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the LCD to latch in the data present at the data pins. This pulse must be minimum of
450ns wide.

DO-D7: These are 8-hit data pins used to send information to the LCD or read the
contents of the LCD’s internal registers.

Following two steps are to be followed to program the LCD:

1. Configure LCD by writing commands.

2. Write the actual string data, character by character by issuing DDRAM address command
0x80 for first line, 0xCO for second line.

L CD Command codes:

Code Command to LCD Instruction

(Hex) Register

1 Clear display screen

2 Return home

4 Decrement cursor (shift cursor to left)
6 Increment cursor (shift cursor to right)
L Shift display right

7 Shift display left

8 Display off, cursor off

A Display off, cursor on

C Display on, cursor off

E Display on, cursor blinking

F Display on, cursor blinking

10 Shift cursor position to left

14 Shift cursor position to right

18 Shift the entire display to the left

1C Shift the entire display to the right

80 Force cursor to beginninQ of 1st line
Co Force cursor to beginning of 2nd line
a8 2 lines and 5x7 matrix
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List of LCD Instructions:
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PROGRAM - 7: Write an 8051 C program to display the strings on a 2x16 character LCD
I nterface.
#include<reg51.h>

#include<intrins.h>
typedef unsigned char tbyte;
/Iname of the LCD pins
shit RS=P1"4;//0-command 1-data
sbit RW=P1"5;//0-Write 1-read
shit E=P1"6;//1 to O.perform writing of command/data
void delay(tbyte val)
{
tbytei;

for(i=0;i<val;i++)

{
_nop_();
_nop_();
_Nnop_();
_nop_();
_nop_();
}
}
void enpul se(void)
{
E=1;
delay(2);
E=0;
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delay(2);
}
void LCD_Command(tbyte command)
{
RS=0;
RW=0;
PO=command,
enpulse();
delay(50);
}

void LCD_Data(tbytedatabyte)

{
RS=1,//datais written
RW=0;
PO=databyte;
enpulse();
delay(50);
}
void LCD_DispStr(tbyteline_no,char *str)
{
tbytei;
if(line_no==1)

LCD_Command(0x80);

ese
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LCD_Command(0xc0);

for(i=0;str[i]!="\0;i++)

{
LCD_Data(str[i]);
if(i==16)
break;
}

void LCD_Init(void)

{
LCD_Command(0x38);//function set-2 line display,byte mode
LCD_Command(0xQc);//display on
LCD_Command(0x01); //clear the display

}

main()

{

tbyte stri[]="WEDNESDAY";
tbyte str2[]="21/03/2018";
LCD_Init();
LCD_DispStr(1,strl);
LCD_DispStr(2,str2);
while(1);
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KEYBOARD INTERFACE
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The keyboard interface used is a 4x4 matrix as shown in above figure. Columns are
connected to Port P1’s lower order 4 pins of 8051 and rows are connected to Port PO’s lower
order 4 pins of 8051.
If no key is pressed , we will have the bit status ‘1111’ on input port pins P1.3-P1.0
(col0-col3) , as dl the inputs are pulled up by pull up resistors.
If any key is pressed, say key “0’, it will short rowO and colO lines, so whatever data(O or
1) avallable a rowOQis available at colO. Since aready columns are pulled high, it is
required to apply logic ‘0’ at rowO to see change in colOwhen the key is pressed.
If we apply 0000’ on all the rows 0-3 (P0.0 - P0.3 lines) and read corresponding columns
0-3 (P1.3-P1.0), if it is other than *1111’, then it means some key is pressed, else no key
is pressed. This process can be repeated in aloop indefinitely to check for the key press.
To identify which key is pressed , after key pressis detected
= Check for akey pressin first row by sending ‘0111’on rows (P0.0-P0.3) and
reading the columns. If it is ‘1111’(P1.3- P1.0), then go to next row, else

identify the column number.
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= Check for a key press in second row by sending ‘1011’on rows (P0.0-P0.3)
and reading the columns. If it is ‘1111’ (P1.3- P1.0), then go to next row, else
identify the column number.

= Check for akey pressin third row by sending ‘1101’on rows (P0.0-P0.3) and
reading the columns. If it is ‘1111°(P1.3-P1.0), then go to next row, else
identify the column number.

= Check for akey pressin last row by sending “1110’on rows (P0.0-P0.3) and
reading the columns, if it is ‘1111°(P1.3-P1.0), then check for key press
again, elseidentify the column position.

PROGRAM - 8. Write an 8051 C program to scan a 4 x 4 keypad for key closure and
display the code of the key pressed on LCD.

#include<reg51.h>
#include<intrins.h>
typedef unsigned char tbyte;
typedef unsigned int tword;
shit rO=PO"0;

shit r1=P0"1;

shit r2=P0"2;

shit r3=PO"3;

shit cO=P1"3;

shit c1=P1"2;

shit c2=P171,

shit c3=P1"0;

shitrs=P1"4,

shitrw=P1"5;
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shit e=P1"6;
tbyte key;
tbyte codekeys[4][4]={ {'0','1,'2','3} ,{'4,5,6,7},{'8,9,'A"'B} {'C /D E F}};
void delay(tbyte val)
{
tbytei;

for(i=0;i<val;i++)

_hop_();
_hop_();
_hop_();
_hop_();
_hop_();

void lcd_init(void)

{
lcd_com(0x38);
lcd_com(0x0c);
lcd_com(0x01);
}
void enpulse(void)
{

e=1;
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delay(2);
e=0;

delay(2);

void lcd_com(tbyte command )

{
rs=rw=0;
PO=command,
enpul se();
delay(50);

}

void lcd_data(tbytedatabyte)

{
rs=1;
rw=0;
PO=databyte,
enpul s&();
delay(50);

}

void main(void)

tbyte rowp,colp;i;

rO=r1=r2=r3=0;
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c0=cl=c2=c3=1;

while(2)

while(1)

ro=0,r1=1,r2=1,r3=1,
rowp=0;

if(cO==0){ col p=0;break;}
if(c1==0){ colp=1;break;}
if(c2==0){ colp=2;break;}
if(c3==0){ colp=3;break;}
ro=1,r1=0,r2=1,r3=1,
rowp=1,

if(cO==0){ col p=0;break;}
if(c1==0){ colp=1;break;}
if(c2==0){ colp=2;break;}
if(c3==0){ colp=3;break;}
ro=1,r1=1,r2=0,r3=1;
rowp=2;

if(cO==0){ colp=0;break;}
if(c1==0){ colp=1;break;}
if(c2==0){ col p=2;break;}
if(c3==0){ colp=3;break;}
ro=1,r1=1,r2=1,r3=0;

rowp=3;
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if(c0==0){ col p=0;break;}
if(c1==0){ colp=1;break;}
if(c2==0){ colp=2;break;}
if(c3==0){ colp=3;break;}
}
delay(200);
key=codekeys[rowp][colp];
while(c0==0||c1==0]|c2==0||c3==0) ;
delay(20);
lcd init();
lcd_com(0x80);
lcd_data(key);
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DIGITAL TO ANALOG CONVERTER (DAC) INTERFACE:
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The DAC interface consists of DAC chip, OPAMP 741 and voltage converter. A reference
voltage of +5V is generated using the voltage regulator and is fed to Vref point of DAC. The
output voltage of +5V is obtained from DAC when the digital input is FFH and the output
voltage will be OV when the digital input is 00OH. The output of DAC is fed to the operationa
amplifier to get the final output. The digital values OOH-FFH corresponds to the analog voltage
0-5V. The 8-bit data can be fed into DAC from Port PO of 8051 microcontroller.

The digital formula used to get the values for positive cycle of the sine waveform is as follows:
127 sin© + 127

5v (1111 1111)

upper half cycle

2.5V (1000 0000)
(0111 1111)

lower half cycle

ov (0000 0000)

If 30 samplings are done to get the positive cycle of sine waveform then, we can get the values
by using the digital formulafor every 6° increment (180°30=6°)i.e.,
127 sin 0° +127 =127

127 sin 6° +127=140 and so on

This can be continued till 90° and the values computed can be considered in reverse order for
sampling values from 90° -180°.
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PROGRAM - 9: Write an 8051 C program to generate Half Rectified Sine wave, Fully
Rectified Sine and sine waveform using the DAC Interface. (The output of the DAC isto be
displayed on the CRO).

#include<reg51.h>

typedef unsigned char tbyte;

shit key1l=P3"2;

shit key2=P3"3;

shit key3=P3"4;

void main(void)

{

tbyte sing[]={ 127, 140, 153, 166, 178, 190, 201, 211, 221, 229, 236, 243, 247, 251, 253, 255, 253, 251,
247, 243, 236, 229, 221, 211, 201, 190, 178, 166, 153, 140, 127};

tbytei;
while(1)
{
if(keyl==0) /*Full Rectified*/
{
while(1)
{
for(i=0;i<31;i++)
PO=sing|i];
}
}
if(key2==0) /*Half Rectified*/
{
while(1)
{

for(i=0;i<31;i++)
PO=sing|i];
for(i=0;i<31;i++)
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PO=0x7F;

}
if(key3==0) /*Sine Waveform*/
{
while(1)
{
for(i=0;i<31;i++)
PO=sing|i];
for(i=0;i<3L;i++)
PO=~sing[i]+1;
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ELEVATOR INTERFACE
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The Elevator interface has 4:10 decoder. The Output port PO pins, P0.0-P0.3 of 8051 are used as
input to the decoder. The output from the decoder is connected to 10 LEDs which indicate the
motion of the elevator. The elevator motion is indicated by turning ON/OFF the successive
LEDs one at a time in fixed time intervals. The LED’s ON state indicates the current position of
the elevator. The user can request for service to any of the four floors (Ground floor, first floor,
second floor, third floor) by pressing the request keys. Each floor has an LED which gets turned
ON when thereis arequest from the corresponding floor. This request is latched by D Flip-flops.
The preset input of each D Flip-flop is connected to each of the request keys. The clear pin of
each D Hip-flop is connected to the port PO pins, P0.7-P0.4. The request status can be read
through input Port P1 pins, P1.3-P1.0. To service the request from any of the floors, a0 is sent to
CLR pin of the corresponding floor’s D Flip-flop through corresponding Port PO pin. To indicate
that the floor request is serviced, the corresponding floor LED is turned OFF. The elevator waits
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at the ground floor till there is any request from any of the floors. If any request comes then the
elevator moves to that floor and services that request. If any other request comes while moving

up or while coming down then the elevator servicesit and returns back to the ground floor.

PROGRAM - 10: Write an 8051 C program to drive an elevator interface in the following
way:

Initially the elevator should bein the ground floor, with all requests in OFF state. When a
request is made from a floor to any other floor, the elevator should move up or move down
to that requested floor, service the request and stay in that floor waiting for any new
request.

#include<reg51.h>
typedef unsigned char tbyte;

typedef unsigned int tword;

void delayM s(tword x)
{
tword i;
while(x--)

for(i=0;i<100;i++);
}
void main(void)
{ I 1 2 4 8
tbyte flr[]={ Oxff,0x09,0x06,0xff,0x03,0xff,0xff,0xff,0x00} ;
tbyte fclr[]={ Oxff,0xe9,0xd6,0xff,0xb3,0xff,0xff,0xff,0x 70} ;
tbyte regflr,curflr=0x08,i,j;
PO=0x00;

PO=0xfO0;
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while(1)
{ P1=0XFF;

regflr=P1 | OxfO;

while(regfl r==0xff)

regflr=P1 | OxfO;

regflr=~regflr;

if (curflr>reqflr)

{
i=flr[reqgflr]-fIr[curflr];
j=fIr[curflr] + 1,
for(;i>0;i--)
{

PO=0xf0 | j;
j++,
delayMs(100);

}
}
elseif(curflr<reqflr)
{

i=flr[curflr]-flr[reqflr];
j=flr[curflr] - 1;

for(;i>0;i--)
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PO=0xf0 | j;
j-=;
delayMs(100);

curflr=reqflr;
delayMs(100);
PO=fclr[curflr];
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EXERCISE FOR PART-B

Write an 8051 Embedded C program for the following:

1.

© 0o N o o kM W DN

Read the status of 8 input bits from the Logic Controller Interface and display the
complement of it.

Simulate BCD up-down counter using Logic Controller Interface.

Simulate Ring counter using Logic Controller Interface.

Display “CSE2017” on Seven Segment Display Interface in rolling fashion.

Read two numbers through keyboard interface and compute their sum.

Generate Square waveform using the DAC Interface.

Generate Rectangular waveform using the DAC Interface.

Generate Ramp waveform using the DAC Interface.

Generate Triangular waveform using DAC Interface.

10. Generate Staircase waveform using the DAC Interface.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25,

VIVA VOCE QUESTION BANK

What is a microcontroller?

How a microcontroller differs from a microprocessor?

8051 is how many bit microcontroller?

What does 8-hit signify in an 8-bit microcontroller?

Which is the program memory in 80517

Which is the data memory in 80517?

What isthe size of internal RAM in 80517

What is the on-chip ROM size of 8051?

Which is the ROMless version of 80517

Which are the 16-bit registersin 8051?

Name the only registersin 8051 that are used to perform multiplication and division operations.
How to access the DPTR register of 8051 individually as two 8-bit registers?

Name the register in 8051 that is not having any address.

What is the program memory type in 8751 microcontroller?

Which register is used to hold the address of external data memory?

What is the width of 8051 data bus and address bus?

Which register is used as the destination operand in all arithmetic instructions?

Which register is used to point to the next instruction in the program memory of 80517
In which memory of 8051, the Stack isimplemented?

Which register is used to point to the top of the stack in 8051 and what isits size?

In which order of memory address, the stack growsin 8051?

How many register banks are there in 8051 and how many registers each bank contain?
Which register bits need to be updated to select a particular register bank in 80517
Which register bank is selected by default in 80517

How many pin IC is this 8051 microcontroller?
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26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

How many parallel ports are there in 8051 and how many bits each?

Which port of 8051 is dedicated for only 1/0O operations?

Which port of 8051 is used as data bus when external memory is used?

Which port of 8051 is used for interrupt input, timer/counter input, and serial 1/0?
In which memory area, SFRs of 8051are implemented and what is its address range?
What is the address range of on-chip RAM in 80517

How many external interrupt and interna interrupts are there in 80517?

What is the address range of the bit-addressable memory in internal RAM of 80517

. What isthe size of the scratch-pad memory of 8051 and what isits address range?

Which isthe flag register in 8051and what isits size?

How many bytesininterna RAM of 8051 are used for register bank?

What is the number of registersin each register bank and how they are numbered?
How to access the working registers of 8051?

How many bytesininternal RAM of 8051 are used as bit-addressable memory?
What RAM locations are used for register RO-R7 in register bank O of 80517
What RAM locations are used for register RO-R7 in register bank 1 of 80517
What RAM locations are used for register RO-R7 in register bank 2 of 80517?

What RAM locations are used for register RO-R7 in register bank 3 of 8051?

. When EA isconnected to ground, from which memory the code byte is fetched?

What is the On-chip ROM address space of 80517

How many 1/O pins are there in 8051?

With what value the Stack pointer isinitialized to after 8051 is reset?

How many interrupt sources 8051 contains?

Which bitsin the PSW register selects aregister bank?

Which ports serve as low order and high order address bus for external memory access?

How many bytes are allocated for SFR in on-chip data memory?
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52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

If the bit addressin theinternal RAM of 8051 is 1EH then what is its byte address?

Write the instruction to set the 4™ bit at byte address 24H in the internal RAM.

. Write the set of instructionsto store the data 45H to the register R5 in the register bank?2.

List the instructions that can be used to clear the contents of aregister.
Which instruction can be used to exchange the nibbles of an 8-bit data?
Which instruction can be used to mask certain bitsin an 8-bit data?
Which instruction can be used to set certain bits in an 8-bit data?
Differentiate between “MOVX” and “MOVC” instructions.

What isthe use of RS and E pins of Liquid Crystal Display?

What is the size of external RAM that 8051 can address?

Which instruction can be used to invert certain bitsin an 8-bit data?

What is maximum machine cycle taken to execute an instruction in 8051?

. What are addressing modes?

List the addressing modes supported in 8051.
Identify the addressing mode of source and destination operands in the following instructions:

a) MOV A #46H b) XRL 37H,A c) MOVX @DPTRA
Which is the only addressing mode alowed in the instructions to perform push and pop stack

operations?

What type of CPU architecture 8051 contains?

When the Auxiliary carry flag is set?

When the Overflow flag is set?

When the Carry flag is set?

When the Parity flag is set?

In AT89C51, what does C and 51 signify?

Which instructions take maximum machine cycles to execute?
What is the length of the following instructions?

a MOV 67H,RO
b) ADDAR1
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76.
77.
78.
79.

80.

81.

82.

83.

84.
85.
86.

87.

88.

89.
90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

c) ORL 34H,#82H

d) CINE A, #45H,NEXT

€) MOV DPTR,#9000H

What are the differences between RISC and CISC?

Which register ismainly used to receive the extended result from multiply and divide operations?
Direct addressing mode can be used to access which memory?

What is the time taken by the 5 MHz microcontroller to execute 4 cycle instruction?

The PC in 8051 is associated with which memory?

Show how to save the status of P2.7 in RAM bit location 31.

To ensure the integrity in which memory, the checksum byte method is used?

What is the memory addressing capability of a microprocessor having 20-bit address bus?

In 8051, program instructions may require how many machine cycles to execute?
How many timers/counters 8051 has and how many bits each?

In the instruction JZ Next, which register content is checked for zero?
Which register is used to hold the data for serial transmission?

Identify the mistakes in the following instructions:
a MOV R1,R2 b) MOV A,@R2 c) PUSH R6
What isthe Command word used to select first linein a2x16 character LCD?

How many address lines are required to access 4K bytes of memory?
Show how you would check whether the P flag is high.

What is the function of ALE signal?

What are the functions of TxD and RxD?

If (A)=F6H and (B)=FEH, then what will be stored in B register after the execution of MUL AB
instruction?

When the rollover take place in model counter?

Who provides the clock pulsesto 8051 timersif C/T=1?

What is the function of aTMOD register?

In which register do we find the timer start bits and timer rollover flags?

Which mode of the timer is used to set the baud rate?

100. Which timer of 8051 is used to set the baud rate?
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APPENDIX

THE 8051 MICROCONTROLLER

ARCHITECTURAL FEATURES

tnternal BAM Structure

Arithmetic Special- = = = vo
e P Fuﬂ.ctmn = = |— AO-AT
Logic Unit Registers = &£ |— po-D7
RAM —
B-Bit Data and =
A B Address Bus = = -
| I I = = =
DFTR
PC DPH ROM —
DPL = = - wo
= F | a=nis
16-Bit Adress Bus I
= — [Ein]
L o Special- = ~y — nterrupt
EA —  system Byta/Bit Function = Tl
ALE — Timing Addresses Registers 3 E —— Sarial Dats
PSEMN — —  RO-W
KTALL — System Register L i -
XTALZ? — Interrupts Hank 3 1=
RESET — Timers PCOMN 1
Data Buffers SBUF I
VoL — Register
A Freal
Eripe e Con i Bank 2 SCON I
I TCON |
" Register TMOD |
Bank 1 TLO i
| THO !
(] Register TL1
Bank O
1 TH1 ;
i 1
e J

8051 is an 8-bit puc which comes under CISC processors and it uses Harvard architecture.

8051 is available as a 40-pin chip which works at +5V.

It has 8-bit data bus and 16-bit address bus.

It has 8-bit CPU with registers A (the Accumulator) and B of 8-bit each.

= A register receives the result of al arithmetic operations. It is also used to hold the
data during external memory access.

= B register is mainly used to receive the extended result from multiply and divide
operations.

It has 8-bit Program Status Word (PSW) register.

= Theresult of ALU operation is updated in PSW.
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= |t keepstrack of overflow, carry, negative results etc.

= |t aso keepstrack of which memory bank is currently selected.

It has 16-bit program counter (PC) register.

» |tisusedto point to the next instruction to be fetched from code memory (ROM).

= Each time an instruction is fetched, PC is incremented so that it points to the next
instruction to be fetched for execution.

=  PCismodified when ajump or cal instruction is executed.

It has 16-bit Data pointer (DPTR) register.

= |tisused to access external data memory.

= |t can be accessed individually as two 8-bit registers, DPH and DPL.

= Itisunder the control of the program.

It has 8-hit Stack pointer (SP) register.

= |tisusedto point to the top of the stack.

= |t growsin the direction of increasing memory address.

It has Internal ROM or EPROM of 0 to 4K.

= |tisthe program memory which is read-only.

= 8031 hasOK ROM

» 8051 has 4K ROM

» 8751 has 4K UV-EPROM

It has Internal RAM of 128 bytes which is sectioned as follows:

= 4register banks, each containing 8 registers where each register sizeis 8-bit.

= 16 bytes, which may be addressed at the bit level.

= 80 bytes of general-purpose data memory.

32 input/output pins arranged as four 8-bit ports: PO - P3

= PO is used as a genera purpose I/0O port. With presence of externa memory it
functions as a multiplexed address (lower byte address AO-A7) and data bus (D0-D7).

= Plisused only asagenera purpose I/O port.

= P2 is used as a genera purpose I/O port. With presence of external memory it
functions as an address bus (higher byte address A8-A15).

» P3isused asagenera purpose I/O port. Alternate functions are

0 interrupt inputs
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0 seria datal/O
0 timer/counter input
o read/write control when external memory is used.
Specia Function Registers (SFRs) are dedicated RAM area (128 bytes) ranging from
80H to FFH. SFRs contain control registers.
= Control registers: TCON, TMOD, SCON, PCON, IP, and IE.
It has two 16-bit Timer/Counters: TO and T1.
It has one serial port for serial communication.
= SBUF is a serial port data buffer register which is used to hold the data to be
transmitted and receive the data via serial port.
It has 2 external and 3 internal interrupt sources.
It has Oscillator and clock circuits to generate timing signals for synchronization of all

operations in the microcontroller.

INTERNAL RAM ORGANIZATION

Internal RAN Organization

7F
T T TTaF R7
1E RG
1D RS
s 1c R
= 1B E]
o 1A RZ
19 R1
18 RO
T T ThaF "7
16 "6
15 "5
o 14 Fa
= 13 RS
12 CHE
11 "1
10 RO
T 7 TToF CE 2F [7F B
OE [T 2€ | 77 7o
oo ) 2o [ BF 68
= oc a zc |67 &0 \
= 0B [T ze [ 5F =&
oA Rz za [ 57 S50
a9 GE 29 [ar a5
o RO za [ar au
T T TToT (¥4 27 | 3F 38 |
o6 "G 26 [ 37 30
0s RS 25 [2F 28
57 oa a4 24 | 27 20
= na TE za [1F 1B
P az Rz zz2 [17 10
ol L8] 21 | oF (-]
e oo _ﬂO RO 20 o7 [wls] o
Working Bit Addressable General Purpose
Registers

MNote  Byte addresses are shown to the left; bit addresses registers are shown inside
a location.

The 128 bytesinternal RAM is organized into three distinct area:
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= 32-bytes from address O0OH to 1FH that make up 32 working registers organized as
four banks of eight registers each.
0 Register banks are numbered 0-3
0 8registersare named as RO-R7.
0 Eachregister can be addressed by name or by its RAM address.
0 Bits RSO (bit 3) and RS1 (bit 4) in the PSW determine which bank of registersis
currently in use at any time program is running.
0 Register banks not selected can be used as genera -purpose RAM.
0 Bank 0isselected upon reset.
= A hit-addressable area of 16 bytes occupies RAM byte addresses 20H to 2FH,
forming atotal of 128 addressable bits.
0 An addressable bit may be specified by its bit address of O0H to 7FH, or 8 bits
may form any byte address from 20H to 2FH.
= A genera-purpose RAM area (Scratch pad memory) above the bit area, from 30H to
7FH, are addressabl e as bytes.

FLAGSAND THE PROGRAM STATUSWORD (PSW)

Flags are 1-bit registers provided to store the results of certain program instructions.
There are instructions in 8051 which can check the flags status and make decisions based
on them.
The 8051 has
» 4 math flags which are updated based on result of math operations.

o Math flags include Carry (CY), Auxiliary Carry (AC), Overflow (OV), and

Parity (P).
= 3 genera-purpose user flags which may be used by the programmer to record some
event in the program.
0 General-purpose User flags are named FO (in PSW register), GFO and GF1
(in PCON register)

The direct RAM address of PSW register is DOH.
PSW register is bit addressable as PSW.0 to PSW.7
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The PSW is shown in below figure:

b7 b6 b5 b4 b3 b2 b1l b0
Bit Symbol Function
7 CcY Carry flag; CY=1if carry is generated out of MSB or borrow is generated into
MSB. It isused in arithmetic, JUMP, ROTATE, and Boolean instructions
6 AC Auxiliary Carry flag; AC=1 if carry is generated from lower nibble to higher
nibble or borrow is generated from higher nibble to lower nibble. It is used for
BCD arithmetic.
5 FO User Flag O
4 RS1 Register bank Select bit 1
3 RSO Register bank Select bit 0
RS1 and RSO hits identify which of the four general-purpose register banks is currently in use by the
program.
RS1 RSO
0 0 Select register bank 0
0 1 Select register bank 1
1 0 Select register bank 2
1 1 Select register bank 3
2 ov Overflow flag; OV=1 if the result of operation exceeds the representable range
(- 128to +127). It isused in arithmetic instructions
1 - Undefined; It isreserved for future use
0 P Parity flag; It shows the parity of register A. P=1if register A contains odd
number of 1’s (odd parity).

SPECIAL FUNCTION REGISTERS (SFRs)

SFRs may be addressed much like 128 byte internal RAM, using addresses from 80H to
FFH.
Some SFRs are also bit-addressable. This feature allows the programmer to change only
what needs to be altered, leaving the remaining bitsin that SFR unchanged.
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Not al of the addresses from 80H to FFH are used for SFRs, and attempting to use an
address that is not defined results in unpredictable results.

SFRs are named in certain opcodes by their functional names, and are referenced by other

opcodes by their addresses.
Note that PC is not part of SFR and has no internal RAM address.

The SFR names and equivalent internal RAM addresses are given in the following table:

NAME

A
B
DPH
DPL
IE

IP

P1

PCON
PSW
SCON
SBUF
SP
TMOD
TCON
TLO
THO
TL1
TH1

FUNCTION
Accumul ator
Arithmetic
Addressing external memory
Addressing external memory
Interrupt enable control
Interrupt priority
I/O port Latch
I/O port Latch
I/O port Latch
I/O port Latch
Power control
Program Status Word
Serial port control
Serial port data buffer
Stack Pointer
Timer/Counter mode control
Timer/Counter control
Timer Olow byte
Timer O high byte
Timer 1 low byte

Timer 1 high byte

INTERNAL RAM ADDRESS

OEOH
OFOH
83H
82H
OA8H
0B8H
80H
90H
OAOH
0BOH
87H
ODOH
98H
99H
81H
89H
88H
8AH
8CH
8BH
8DH
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PIN- OUTS OF 8051 MICROCONTROLLER

\-..,...-’ |
P1.O[C]Q1 40 [] Vee
P11[]2 39 1 P0.0O(ADOD)
P12[13 38 ] pPo1 (AD1)
P13[ 14 8051 37 [ 1 P0.2(AD2)
P14[15 36 [] P0.3(AD3)
P15[]6 35 [ P0.4 (AD4)
Pi6[ 7 34 [] P0.5 (AD5)
P17[18 33 [ Po0.6 (ADB)
RST[ ]9 32 [] PO.7 (AD7)
(RXD) P3O 10 31 [] EA/NVPP
(TXD) P3.1 ] 11 30 [ ALE/PROG
(INTO) P32[ |12 29 [1 PSEN
(INTT) P31 12 28 [1 P27 (A15)
(TOy P34 14 27 [1 P26 (A14)
(THP3S[]15 26 [] P25 (A13)
(WR) P36[]16 25 [ P24 (a12)
(RD) P37 [ 17 24 [ P23 (A11)
XTAL2[] 18 23 [ P22 (A10)
XTAL1[]19 22 [ P21 (A9)
GND [] 20 21 [ P2.0(A8)

Out of 40 pins, 32 are 1/0 pins which are available as 4 parallél ports of 8-bits each.
= Port 0(32-39):
It isan 8-bit bi-directional 1/0 port.
It is associated with alatch whose address is 80H.
It is bit/byte addressable.
During external memory access (RAM/ROM), it functions as multiplexed data
and lower-order address bus ADO-AD?7.
= Portl(1-8):
It isan 8-bit bi-directional 1/0 port.
It is associated with alatch whose address is 90H.
It is bit/byte addressable.
It functions as simply an I/O port and it does not have any alternate functions.
= Port 2(21-28):
0 Itisan 8-bit bi-directional 1/0 port.
0 Itisassociated with alatch whose addressis AOH.

(0]
0]
0]
(0]

o O O o
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o Itishbit/byte addressable.
o0 During externa memory access (RAM/ROM), it functions as higher-order
address bus A8-A15.

= Port 3(10-17):

0 Itisan 8-bit bi-directional I/O port.

0 Itisassociated with alatch whose address is BOH.
o0 Itisbit/byte addressable.

o Each pin of this port has aternate functions:

v P3.0 (RxD): It is an input signal to serial port data buffer register SBUF,
through which microcontroller receives data of serial communication network.

v' P3.1 (TxD): It is an output signal of serial port data buffer register SBUF,
through which microcontroller transmits data of seriad communication
network.

v P32 (m) and P3.3 (W‘I’l): These are externa interrupt input signals
through which microcontroller can be interrupted by peripheral.

v' P3.4(T0) and P3.5 (T1): These areinput signalsto internal timer-0 and timer-
1 circuits respectively.

v P36 (Vﬁ): It is an active low write output control signal. During external
RAM access, it is generated by microcontroller (WR = 0) to perform write
operation to external RAM.

v P37 (@): It is an active low read output control signal. During external
RAM access, it is generated by microcontroller (RD = 0) to perform read
operation from external RAM.

= RST (9):

o Itisanactivehighinput signal used to reset microcontroller.

0 To reset 8051 microcontroller, RST is made high for at least two machine cycles.
o0 Example: After reset, PC=0000H, SP = O7H, all internal RAM locations are
cleared to zero.
= XTAL2(18) and XTAL1(19):

0 These two input lines for on-chip oscillator and clock generator circuit. A crystal

resonator is connected between these two pins.
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VCC (40):

It is connected to + 5V power supply.

GND (20):

It is connected to ground reference.

PSEN (29) — Program Store Enable:

o

(0]

0]

It isan active low output signal used to enable external program memory (ROM).
It is connected to OE of external ROM.
When PSEN = 0, ROM becomes enabled and microcontroller reads the contents

of external ROM locations.

ALE (30) — Address L atch Enable:

0]

(0]

It is an active high output signal used to demultiplex ADO-AD?7 of portO.

When ALE goes high, external address laich becomes enabled and whatever is
there in input to latch will be available at the output of latch. When ALE goes
low, it is used as data bus.

EA (31) — External Access:

o

(0]

It isan active low input signa to the microcontroller.

For 8051, this pin is connected to Vcc so that the microcontroller can access both
internal and external program memory (ROM). Internal ROM is selected for
address 0000H-OFFFH. Beyond this address (1000H-FFFFH) externa ROM is
selected.

For 8031, this pin is connected to GND so that the microcontroller can access
only external ROM.

ADDRESSING MODES

The different methods of specifying the location of the operand in an instruction is referred to as

addressing modes.

The different addressing modes supported in 8051 are:

Immediate addressing mode

Register addressing mode

Direct addressing mode
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» Register-indirect addressing mode
» |ndexed addressing mode

| mmediate addr essing mode

In this addressing mode, the operand value is specified as part of the instruction.
The operand value is preceded by ‘#” symbol to indicate immediate addressing mode in
the instruction.
Only the source operand can be specified using this addressing mode.
The destination operand can be either aregister or amemory location.
Examples:

MOV A #34H

ANL A ,#01000010B

ADD A #20

MOV R2,#78H

MOV 26H,#10H

MOV @RO,#45H

Reqgister addressing mode

In this addressing mode, the operand value is specified in aregister and the register name
is specified in the instruction.
The registers that can be specified in this mode are A, RO-R7, DPTR. Other registers can
be specified using their direct RAM address.
Either source operand or destination operand can be specified using this addressing
mode. Both the source and destination operands can be in this mode if one of the operand
is A register and other operand isregister RO-R7
Examples:

MOV A #34H

ANL A,RO

ADD A,@RO

INC RO

MOV 26H,R3

Dept. of CSE, SIT, Tumakuru-3 Page 112



Microcontroller Laboratory Manual

Direct addressing mode (used to accessinternal data memory only)

In this addressing mode, the address of the operand is specified as part of the instruction.
The valid direct address that can be used is in the range O0H-7FH. The SFRs
implemented in the address range 80H-FFH can be referred using direct addressing
mode.

Either source or destination or both the operands can be specified using this addressing
mode. The operand specified using this mode cannot be altered during execution of the

program.

Examples:
MOV A,34H
ANL 20H,RO
ADD A,40H
MOV R2,01H
PUSH OEOH
MOV 26H,35H

Register -1 ndir ect addr essing mode

In this addressing mode, the address of the operand is specified in a register and the
register nameis used in the instruction.
The register name is preceded by ‘@’ symbol to indicate register-indirect addressing
mode in the instruction.
The valid registers that can be used to hold the address are RO, R1, and DPTR.
Either source or destination operand can be specified using this addressing mode.
The operand specified using this mode can be altered during execution of the program.
Examples:
MOV A,@RO
ADD A,@RO
MOV @R1,01H
MOVX A,@DPTR
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| ndexed addressing mode

In this addressing mode, the effective address of the operand is calculated by adding the
offset held in A register with the base address held in DPTR or PC register.
The expression A+DPTR or A+PC preceded by ‘@’ symbol is used to indicate indexed
addressing mode in the instruction.
Only the source operand can be specified using this addressing mode.
This addressing mode can also be used to access the look-up table entries stored in the
program memory.
The operand specified using this mode can be altered during execution of the program.
Example:

MOVC A,@A+DPTR

MOVC A ,@A+PC

INSTRUCTION SET AT GLANCE

INSTRUCTION

LENGTH

SL.
NO. | MNEMONIC | OPERAND(S) DESCRIPTION (BYTEYS) CYCLE(S)
ARITHMETIC OPERATIONS
1. | ADD A,Rn Add register to Accumulator 1 1
2. | ADD A,Direct Add direct byte to Accumulator 2 1
3. | ADD A @RI Add indirect RAM to Accumulator 1 1
4, ADD A #Data Add immediate datato Accumulator 2 1
5. | ADDC A,Rn Add register to Accumulator with Carry flag 1 1
6. | ADDC A,Direct Add direct byte to Accumulator with Carry flag 2 1
7. ADDC A @RI Add indirect RAM to Accumulator with Carry flag 1 1
8. | ADDC A #Data Add immediate data to Accumulator with Carry flag 2 1
0. SUBB A,Rn Subtract register from Accumulator with Borrow 1 1
10. | SUBB A,Direct Subtract direct byte from Accumulator with Borrow 2 1
11 | SUBB A,@Ri Subtract indirect RAM from Accumulator with 1 1
Borrow
12 | sUBB A #Data Subtract immediate data from Accumulator with > 1
Borrow
13. | INC A Increment Accumulator by one 1 1
14. | INC Rn Increment register by one 1 1
15. | INC Direct Increment direct byte by one 2 1
16. | INC @RI Increment indirect RAM by one 1 1
17. | INC DPTR Increment Data pointer by one 1 2
18. | DEC A Decrement Accumulator by one 1 1
19. | DEC Rn Decrement register by one 1 1
20. | DEC Direct Decrement direct byte by one 2 1
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21. | DEC @RI Decrement indirect RAM by one 1 1
22 | MUL AB M ul_ti ply Accumulator and B. (A)=lower byte, 1 4

(B)=higher byte
23 | DIV AB Divi_de Acc_:umul ator by B. (A)=Quotient,

(B)=Remainder
24. | DA A Decimal Adjust Accumulator 1 1

DATA TRANSFER OPERATIONS

25. | MOV A,Rn Move register to Accumulator 1 1
26. | MOV A Direct Move direct byte to Accumulator 2 1
27. | MOV A @RI Move indirect RAM to Accumulator 1 1
28. | MOV A #Data Move immediate data to Accumulator 2 1
29. | MOV Rn,A Move Accumulator to register 1 1
30. | MOV Rn,Direct Move direct byte to register 2 2
31 | MOV Rn#Data Move immediate data to register 2 1
32. | MOV Direct,A Move Accumulator to direct byte 2 1
33. | MOV Direct,Rn Move register to direct byte 2 2
34. | MOV Direct,Direct Move direct byte to direct byte 3 2
35. | MOV Direct,@Ri Moveindirect RAM to direct byte 2 2
36. | MOV Direct,#Data Move immediate data to direct byte 3 2
37. | MOV @Ri,A Move Accumulator to indirect RAM 1 1
38. | MOV @Ri,Direct Move direct byte to indirect RAM 2 2
39. | MOV @Ri #Data Move immediate datato indirect RAM 2 1
40. | MOV DPTR#Datal6 | Load Data pointer with a 16-bit constant 3 2
41. | MOVC A,@A+DPTR | Move code byte relative to DPTR to Accumul ator 1 2
42. | MOVC A ,@A+PC Move code byte relative to PC to Accumulator 1 2
43. | MOVX A @RI Move externa RAM (8-bit address) to Accumul ator 1 2
4. | MOVX A.@DPTR Move external RAM (16-bit address) to 1 >

Accumulator
45. | MOV X @Ri,A Move Accumulator to external RAM (8-bit address) 1 2
46. | MOVX @DPTRA g/ld(éve Accumulator to external RAM (16-bit 1 >

ress)

47. | PUSH Direct Push direct byte onto stack 2 2
48. | POP Direct Pop direct byte from stack 2 2
49. | XCH A,Rn Exchange register with Accumulator 1 1
50. | XCH A,Direct Exchange direct byte with Accumulator 2 1
51. | XCH A @RI Exchange indirect RAM with Accumulator 1 1
52 | XCHD A.@Ri Exchange low-order Digit indirect RAM with 1 1

Accumulator

LOGICAL OPERATIONS
53. | ANL A,Rn AND register to Accumul ator 1 1
54. | ANL A Direct AND direct byte to Accumulator 2 1
55. | ANL A @RI AND indirect RAM to Accumul ator 1 1
56. | ANL A #Data AND immediate datato Accumulator 2 1
57. | ANL Direct,A AND Accumulator to direct byte 2 1
58. | ANL Direct,#Data AND immediate data to direct byte 3 2
59. | ORL A,Rn OR register to Accumulator 1 1
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60. | ORL A,Direct OR direct byte to Accumulator 2 1
61. | ORL A @RI OR indirect RAM to Accumulator 1 1
62. | ORL A #Data OR immediate data to Accumulator 2 1
63. | ORL Direct,A OR Accumulator to direct byte 2 1
64. | ORL Direct,#Data OR immediate data to direct byte 3 2
65. | XRL A,Rn Exclusive-OR register to Accumulator 1 1
66. | XRL A,Direct Exclusive -OR direct byte to Accumulator 2 1
67. | XRL A,@QRI Exclusive-OR indirect RAM to Accumul ator 1 1
68. | XRL A #Data Exclusive-OR immediate data to Accumulator 2 1
69. | XRL Direct,A Exclusive-OR Accumulator to direct byte 2 1
70. | XRL Direct,#Data Exclusive-OR immediate data to direct byte 3 2
71. | CLR A Clear Accumulator 1 1
72. | CPL A Complement Accumul ator 1 1
73. | RL A Rotate Accumulator Left 1 1
74. | RLC A Rotate Accumulator Left through Carry flag 1 1
75. | RR A Rotate Accumulator Right 1 1
76. | RRC A Rotate Accumulator Right through Carry flag 1 1
77. | SWAP A Swap nibbles within the Accumul ator 1 1
BOOLEAN VARIABLE MANIPULATION
78. | CLR C Clear Carry flag 1 1
79. | CLR Bit Clear direct bit 2 1
80. | SETB C Set Carry flag 1 1
8l. | SETB Bit Set direct bit 2 1
82. | CPL C Complement Carry flag 1 1
83. | CPL Bit Complement direct bit 2 1
84. | ANL C,Bit AND direct bit to Carry flag 2 2
85. | ANL C,/Bit AND complement of direct bit to Carry flag 2 2
86. | ORL C,Bit OR direct bit to Carry flag 2 2
87. | ORL C,/Bit OR complement of direct bit to Carry flag 2 2
88. | MOV C,Bit Move direct bit to Carry flag 2 1
89. | MOV Bit,C Move Carry flag to direct bit 2 2
PROGRAM AND MACHINE CONTROL
90. | ACALL Addr1l Absolute Subroutine Call 2 2
91. | LCALL Addrl6 Long Subroutine Call 3 2
92. | RET Return from Subroutine 1 2
93. | RETI Return from Interrupt 1 2
94. | AMMP Addr1l Absolute Jump 2 2
95. | LIMP Addrl6 Long Jump 3 2
9 | SIMP Rel Short Jump (relative addr) 2 2
97. | IMP @A+DPTR Jump indirect relative to the DPTR 1 2
98. | )Z Rel Jump if Accumulator is zero 2 2
99. | INZ Rel Jump if Accumulator is Not zero 2 2
100. | JC Rel Jump if Carry flagis set 2 2
101. | INC Rel Jump if Carry flag is Not set 2 2
102. | JB Bit,Rel Jump if direct bit is set 3 2
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103. | INB Bit,Rel Jump if direct bit id Not set 3 2
104. | JBC Bit,Rel Jump if direct bit is set and Clear hit 3 2
105. | CINE A,Direct,Rel Compare direct to A and Jump if Not Equal 3 2
106. | CINE A #Data,Rel Compare immediate to A and jump if Not Equal 3 2
107. | CINE Rn#DataRel (E:glr}';pl)are immediate to register and Jump if Not 3 2
108. | CINE @Ri #DataRel (E:glr}';pl)are immediate to indirect and Jump if Not 3 2
109. | DINZ Rn,Rel Decrement register and Jump if Not Zero 2 2
110. | DINZ Direct,Rel Decrement direct and Jump if Not Zero 3 2
111. | NOP No Operation 1 1
Timer/Counter Programming

The 8051 has two 16-bit timers: Timer0 and Timer1.

These timers can be used either as timers to generate a time delay or as counters to count
events happening outside the microcontroller.

Timer 0 can be accessed as two 8-bit registers, TLO (TimerO Low byte) and THO (TimerO
High byte) whose RAM addresses are 8AH and 8CH respectively.

Timer 1 can be accessed as two 8-bit registers, TL1 (Timerl Low byte) and TH1 (Timerl
High byte) whose RAM addresses are 8BH and 8DH respectively.

Below figure shows TimerO and Timerl registers:
THO TLD

D15 D14‘D1.3 DIZ‘DII.‘DJD‘ D9 | D8 ‘ D7 ‘ Do ‘ DS | D4 ‘ D3 ‘ D2 ‘ D1 ‘ Do

D15‘D14‘D13 DIZ‘DII‘DIO‘ D9 ' D8 ‘ D7 ‘ D6 ‘ DS | D4 ‘ D3 D2 ‘ D1 ‘ Do

TMOD (Timer Mode) register (RAM address.89H)

Both TimerO and Timerl use TMOD register to set the various timer operation modes.
TMOD is an 8-bit register in which the lower 4 bhits are set aside for TimerO and the
upper 4 bitsfor Timer 1.

(MSE) (ILSB)

GATE ™M1 m GATE Crr M1 MO
Tmerl TimerO
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MO and M1 bitsin both the nibbles are used to set the timer mode.
M1 MO Mode Operating Mode

0 0 0 13-bit timer mode
0 1 1 16-bit timer mode
1 0 2 8-hit auto rel oad
1 1 3 Split timer mode

CIT is used to decide whether the timer is used as a delay generator or an event counter.
If C/T =0, then it isused astimer for delay generation (input from internal system clock).
The frequency for the timer is dways 1/12" the frequency of the crystal attached to 8051.
If C/T =1, then it is used as event counter to count each clock pulse coming from
externa pin (Pin P3.4 for timer0 and P3.5 for timerl).
If GATE =0, then

» instructions TRO = 1 and TRO = 0 starts and stops the timerO0,

» instructions TR1 =1 and TR1 = 0 starts and stops the timer1.

(TRO and TR1 are bits of TCON register)

If GATE = 1, then the timer is started and stopped by an external source (Pin P3.2 for
timer0 and P3.3 for timerl).

TCON register (RAM address. 88H)
While TMOD controls the timer modes, another register called TCON controls the
timer/counter operations.

kL TR1 TFO TRO IE1 17 | ‘ IEO l ITO

/

g

The upper four

bits are used to The lower 4 bits

are set aside for
controlling the
interrupt bits

store the TF and
TR bits of both
timer 0 and 1

Timer is started by setting TRx bit, which is called Timer Run control bit and it is
stopped by clearing TRx bit.

Whenever atimer counts to its maximum value, it sets Timer overflow Flag, TFx.

Bit Symbol Function

TCON.7 TF1 Timerl overflow Flag
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TCON.6 TR1 Timerl Run control bit
TCON.5 TFO Timer O overflow Flag
TCON.4 TRO Timer 0 Rum control bit

Mode2 Programming:
The following are the characteristics and operations of mode2:

1. Itisan 8-bit timer. Therefore, it alows only values of 00H to FFH to be loaded into the
timer’s register TH.

2. After TH isloaded with the 8-hit value, the 8051 gives a copy of it to TL. Then, the timer
must be started, which is done by the instruction TRO = 1 for TimerO and TR1=1 for
Timerl.

3. After the timer is started, it starts to count up by incrementing the TL register. It counts
up until it reaches its limit of FFH. When it rolls over from FFH to O0H, it sets high the
TFO for TimerO and TF1 for Timerl.

4. When TL register rolls from FFH to 0 and TF=1, TL is reloaded automatically with the
original value kept in TH register. To repeat the process, we must simply clear TF and let
it go without any need by the programmer to reload the original value. This makes mode2

an auto-reload.

Steps to program in mode2:
To generate atime delay using the timer’s mode2, the following steps are taken:

1. Load the TMOD register with value indicating which timer (TimerO or Timerl) is to be
used, and select timer mode as mode2.
Load the TH register with theinitial count value.

3. Start thetimer.
Keep monitoring the timer flag (TF) with the statement while(TF==0); to see whether it
israised. Come out of the loop when TF goes high.

5. Clear the TF flag.

6. Go back to step4, since mode2 is auto-rel oad.
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