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Preface

The primary focus of any engineering laboratory/ field work in the technical
education system is to develop the much needed industry relevant competencies and skills. With
this in view, MSBTE embarked on this innovative ‘K’ Scheme curricula for engineering diploma
programmes with outcome-based education as the focus and accumulator ordinally, relatively
large amount of time is allotted for the practical work. This displays the great importance of
laboratory work making each teacher; instructor and student to realize that every minute of the
laboratory time need to be effectively utilized to develop these outcomes, rather than doing other
mundane activities. Therefore, for the successful implementation of this outcome-based
curriculum, every practical has been designed to serve as a ‘vehicle’ to develop this industry
identified competency in every student. The practical skills are difficult to develop through ‘chalk
and duster’ activity in the classroom situation. Accumulator ordinally, the ‘K’ scheme laboratory
manual development team designed the practical’s to focus on the outcomes, rather than the
traditional age old practice of conducting practical’s to ‘verify the theory’ (which may become a
by-product along the way).

This laboratory manual is designed to help all stakeholders, especially the
students, teachers and instructors to develop in the student the pre-determined outcomes. It is
expected from each student that at least a day in advance, they have to thoroughly read through
the concerned practical procedure that they will do the next day and understand the minimum
theoretical background associated with the practical. Every practical in this manual begins by
identifying the competency, industry relevant skills, course outcomes and practical outcomes
which serve as a key focal point for doing the practical. The students will then become aware about
the skills they will achieve through procedure shown there and necessary precautions to be taken,
which will help them to apply in solving real-world problems in their professional life.

This manual also provides guidelines to teachers and instructors to effectively
facilitate student-centered lab activities through each practical exercise by arranging and managing
necessary resources in order that the students follow the procedures and precautions systematically
ensuring the achievement of outcomes in the students.

Microcontroller is used in almost all the domestic, industrial, consumer goods
and other high end products. Automation is used in every field of engineering and microcontroller
is inbuilt element of these systems and devices. Diploma engineers have to deal with various
microcontroller based systems and maintain them. This course is intended to develop the skills to
maintain and solve the application problems related to microcontrollers.

The lab manual development team wishes to thank MSBTE who took initiative
in the development of curriculum re-design project and implementation and also acknowledge the
contribution of individual course experts who have been involved in laboratory manual as well as
curriculum development (I scheme) directly or indirectly. The National Institute of Technical
Teachers’ Training and Research, Bhopal deserves our sincere appreciation for the guidance
provided.
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Although all care has been taken to check for mistakes in this laboratory
manual, yet it is impossible to claim perfection especially as this is the first edition. Any such
errors and suggestions for improvement can be brought to our notice and are highly welcome.
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Programme Outcomes (POs) to be achieved through Practical of this Course
Following programme outcomes are expected to be achieved through the practical of the course

PO 1. Basic and Discipline specific knowledge: Apply knowledge of basic mathematics, sciences
and engineering fundamentals and engineering specialization to solve the engineering problems.

PO 2. Problem analysis: Identify and analyze well-defined engineering problems using codified
standard methods.

PO 3. Design/Development of solutions: Design solutions for well-defined technical problems and
assist with the design of system components or processes to meet specified needs.

PO 4. Engineering tools, Experimentation and Testing: Apply modern engineering tools and
appropriate technique to conduct standard tests and measurements.

PO 5. Engineering practices for society, sustainability and environment: Apply appropriate
technology in context of society, sustainability, environment and ethical practices.

PO 6. Project Management: Use engineering management principles individually, as a team
member or a leader to manage projects and effectively communicate about well-defined
engineering activities.

PO 7. Life-long learning: Ability to analyze individual needs and engage in updating in the context
of technological challenge.

Maharashtra State Board of Technical Education ‘K-Scheme’ 1ii
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List of Industry Relevant SKkills

The following industry relevant skills of the competency ‘Maintain microcontroller-based
systems’ are expected to be developed in students by undertaking the practical’s of this laboratory
manual.
1. Identify the relevant microcontroller.
Interface various I/O devices with microcontroller.
Interpret the program.
Maintain microcontroller-based systems.
Use features available with given microcontroller.

Test the circuit for the given application.

A

Find faults and trouble shoot the given system.

Maharashtra State Board of Technical Education ‘K-Scheme’ iv
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Practical- Course Outcome matrix

Course Outcomes (COs)

. Interpret architecture of 8-bit microcontrollers.

. Develop program in 8051in assembly language for the given operations.
Develop program using timers and interrupt.

. Interface the memory and I/O peripherals to 8051 microcontrollers.
Maintain microcontroller-based application

eR0 T

Sr No. Laboratory Experiment / Practical Titles / CO | CO

Tutorial Titles a. b.
1. *Identification of various blocks of 8051 i
microcontroller development board. v
2. Assembly language program using various N
addressing modes. -
3. * ALP to perform arithmetic operations on 8- N
bit data. -
4. * ALP to perform arithmetic operations on 16-bit \
data. -
S. *ALP to perform addition of BCD Data. i N
6. *ALP for series addition. i \
7. *Array data transfer from source locations to \
destination locations. -
8. *Block exchange of data from source locations \
to destination locations. -
9. *Finding the smallest number from the given \
data bytes. -
10. | Finding the largest number from the given data N
bytes. -
11. | *Arranging the number in ascending order. i \
12. | Arranging the number in descending order N

13. | *Generate delay using Timer register.

14. | *Serial 8-bit data transfer on serial port.

15. | LED interfacing to 8051

Maharashtra State Board of Technical Education ‘K-Scheme’
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Course Outcomes (COs)

a. Interpret architecture of 8-bit microcontrollers.

b. Develop program in 8051lin assembly language for the given operations.
¢. Develop program using timers and interrupt.

d. Interface the memory and I/O peripherals to 8051 microcontrollers.

e. Maintain microcontroller-based application

Sr No. | Laboratory Experiment / Practical Titles / CO | CO
Tutorial Titles a. b.
16. | Generating pulse and square wave using Timer

delay. -

17. | LED matrix Interfacing to 8051. -

18. | *Seven-segment  display  interface  for
displaying the decimal numbers. -

19. | *Relay interfacing to Microcontroller. -

20. | *LCD interfacing to 8051 to display characters
and decimal number. -

21. | Keyboard interfacing to 8051. -

444444?-8

22. | * ADC interfacing to 8051.

23. | *DAC Interfacing to generate the square
waveform. -

24. | DAC Interfacing to generate the triangular
waveform. -

25. | *Stepper Motor Interfacing to 8051. -

26. | Stepper Motor Interfacing to 8051 for rotating | - -
anti-clockwise

27. | Water Level controller using 8051. - -

28. | Temperature Sensor Interfacing to detect and | - -
measure temperature.

Maharashtra State Board of Technical Education ‘K-Scheme’
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10.
11.

12.

13.
14.

15.

N e

Guidelines to Teachers
Teacher is expected to refer complete curriculum document and follow guidelines for
implementation
Teacher should provide the guideline with demonstration of practical to the students with all

features.

Teacher shall explain prior concepts to the students before starting of each practical

Involve students in performance of each practical.

Teacher should ensure that the respective skills and competencies are developed in the
students after the completion of the practical exercise.

Teachers should give opportunity to students for hands on experience after the demonstration.
Teacher is expected to share the skills and competencies to be developed in the students.
Teacher may provide additional knowledge and skills to the students even though not covered
in the manual but are expected the students by the industry.

Give practical assignment and assess the performance of students based on task assigned to
check whether it is as per the instructions.

Assess the skill achievement of the students and COs of each unit.

At the beginning Teacher should make the students acquainted with any of the simulation
software environment as few experiments are based on simulation.

It is desirable to paste the photo of actual experimental setup or draw block diagram of
experimental setup.

Practical No.1 should not be consider for Practical (ESE-End Semester Exam).

Conduct workshops teaching students how to safely and properly dispose of electronic waste,
fostering a culture of sustainability within the lab environment.

Introduce zero-waste challenges where students are encouraged to create projects using only
recycled or repurposed components from existing e-waste, promoting creativity and
resourcefulness.

Instructions for Students
Listen carefully the lecture given by teacher about course, curriculum, learning structure,

skills to be developed.

Before performing the practical student shall read lab manual of related practical to be
conducted.

For incidental writing on the day of each practical session every student should maintain a
dated log book for the whole semester, apart from this laboratory manual which s/he has to
submit for assessment to the teacher.

Organize the work in the group and make record of all observations.

Students shall develop maintenance skill as expected by industries.

Student shall attempt to develop related hand-on skills and gain confidence.

Student shall develop the habits of evolving more ideas, innovations, skills etc. those included
in scope of manual
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8.  Student shall refer technical magazines, IS codes and data books.
9.  Student should develop habit to submit the practical on date and time.
10. Student should well prepare while submitting write-up of exercise.

Maharashtra State Board of Technical Education ‘K-Scheme’ viii
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Content Page

List of Practical’s and Progressive Assessment Sheet

Sr Title of the practical Page | Date of Date of Assessment | Dated Remarks
No No. | performance | submission marks (25) sign. (if any)
of
teacher
1 *|dentification of various blocks of
8051 microcontroller development
board.
2 Assembly language program using
various addressing modes.
3 *ALP to perform arithmetic
operations on 8- bit data.
4 *ALP to perform arithmetic
operations on 16-bit data.
5 *ALP to perform addition of BCD
Data.
6 *ALP for series addition.
7 *Array data transfer from source
locations to destination locations.
8 *Block exchange of data from source
locations to destination locations.
9 *Finding the smallest number from
the given data bytes.
10 Finding the largest number from the
given data bytes.
11 *Arranging the numbers in ascending
order.
12 Arranging the numbers in descending
order
13 *Generate delay using Timer register.
14 *Serial 8-bit data transfer on serial
port.
15 LED interfacing to 8051
16 Generating pulse and square wave by
using Timer delay.
17 LED matrix Interfacing to 8051.
18 *Seven-segment display to interface
for displaying the decimal number.
19 *Relay interfacing to Microcontroller.
Maharashtra State Board of Technical Education ‘K-Scheme’ ix
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Sr Title of the practical Page | Date of Date of Assessment | Dated Remarks
No No. | performance | submission |marks (25) sign. (if any)
of
teacher

20 *LCD interfacing of 8051 to display

the characters and decimal numbers.
21 Keyboard interfacing to 8051.
22 * ADC interfacing to 8051.
23 *DAC Interfacing to generate the

square waveform.
24 DAC Interfacing to generate the

triangular waveform.
25 *Stepper Motor Interfacing to 8051.
26 Stepper Motor Interfacing to 8051 for

rotating anti-clockwise
27 Water Level controller using 8051.
28 Temperature Sensor Interfacing to

detect and measure temperature
Total Marks

e The practical marked as ‘*’ are compulsory,
e Column 6™ marks to be transferred to Performa of CIAAN-2017.
Maharashtra State Board of Technical Education ‘K-Scheme’ X
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Practical No. 1: Identification of various blocks of 8051 microcontroller
development board

I.  Practical Significance
Microcontroller has wide application in electronic system needing real time

processing/control, starting from domestic application such as washing machine, TV and
air conditioners. They are also used in automobiles, process control industries, cell phones,
robotics and in space application.

II. Industry/Employer Expected Outcome(s)
Maintain microcontroller-based systems.

III.  Course Level Learning Outcome(s)
Interpret architecture of 8-bit microcontrollers.

IV. Laboratory Learning Outcome(s)
Identify the functions of various blocks of 805 1microcontroller development board

V. Relevant Affective Domain related outcome(s)
1. Demonstrate working as a leader/a team member.
2. Maintain tools and equipment.
3. Follow ethical practices.

VI. Relevant Theoretical Background
Microcontroller is a single chip microcomputer made through VLSI fabrication.

8051 is the first microcontroller of the MCS-51 family introduced by Intel Corporation.

I External Interrupts |

Interrupt 4k 128 bytes Timerl [—
Control ROM RAM Timer2 |——

CPU <

A 7 \
0sc COBnLﬁo[ 41/0 Ports Serial
| 103010
o > > >
_”:“_ PO P2 P1_P3 | |TXD|RxXD]|

v v Addr/Data I

Fig 1.1 Block diagram of 8051
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It has inbuilt components such as CPU, internal RAM and ROM, timers/counters, serial ports,
interrupts and I/O ports. AT80C51 is compatible with MCS-51. The 8051 is an 8-bit processor.
The CPU can work on only 8 bits of data at a time.

Specification of microcontroller 8051

It is an 8-bit microcontroller

It has 128 bytes of Internal RAM

It has 4 kilo bytes of Internal ROM

It has two 16-bit internal timers/counters
It has four 8-bit parallel ports

It has one full duplex serial port

N s wLh =

It has three internal and two external interrupts.

Pin diagram of 8051: 8051 is a 40 pin IC and operates on +5 volts DC supply.

N A
P1.O[]1 40 [] Vee
P11 ]2 39 [] P0.0 (ADD)
P12[13 38 [1 P01 (AD1)
P13[14 8051 37 [ P0.2 (AD2)
P14[]5 36 [ P0.3 (AD3)
P15[]6 35 [ P0.4 (AD4)
P16 17 34 [ P05 (AD5)
P1.7[]8 33 [ Po.6 (ADS)
RST[ ]9 32 [ P0.7 (ADT)
(RXD) P3O 10 31 [ EAwVPP
(TXD) P31 11 30 [] ALE/PROG
(INTO) P32 [ 12 29 [] PSEN
(INTT) P33[]153 28 [] P27 (A15)
(TO) P3.4[] 14 27 [ P26 (A14)
(T1) PB5[] 15 26 [ P25 (A13)
(WR) P36 []16 25 [ P24 (A12)
{(RD) P3.7[]17 24 [ P23 (A11)
XTAL2[] 18 23 [] P22 (A10)
XTALT [] 19 22 [ P21 (A9)
GND [] 20 21 [] P2.0 (A8)

Fig. 1.2 Pin diagram of 8051
Keil IDE

Keil is 8051 development tool which includes a text Editor, Assembler Debugger, linker,
Simulator, C-complier, hex converter, locator and some in-built features like logic analyzer to
observe various waveforms. It also includes terminal emulator. Keil supports all 8051
derivatives and valuable tool for embedded software development.

Mabharashtra State Board of Technical Education ‘K-Scheme’
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The Development board
Microcontroller
Programming
Cable Conn o Rk @ Foo
TIMRER | il i A @ ro
{ VT A mae] 12VH Ao = i
:’R{?:?ru L s e 2 ®ro2 , p 2 S <= Poversupmly
b ] ! o £RE P 102 Connector
o ' : @ P04 :
U J 2® gy 0 3N pos e
@ rog o 1/0 Port0
@ P07 == FRC Conn
{® VPP/EXTERNAL A1 ESS
i i 5= ® FROG/ ALE
/O Port3 | 5 @ PSR
FRC Conn 1/0Port2
- FRC Conn
Crystal
Oscillator
R§232
Serial Data
w== Comm Port

Fig. 1.3 8051 Development Board

The development board has 8051 microcontrollers along with some necessary component like
MAX 232, resistor network etc. It is a devise used to develop and design a prototype embedded
system. Port pins are taken out for interfacing various peripherals. It has a provision to
download the hex file of user program which is generated by Keil or any other IDE. FLASH
MAGIC software is used to download the hex file into the code memory of microcontroller.

]
F
"
=
-
-
"
-
-
v

Fig. 1.4 8051 Programming through serial cable
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VII. Resources required

Sr. Instrument

No. | /Components Specification Quantity

1. | Microcontroller | Single board system with 8K RAM,ROM memory with 1 No.
kit battery backup,16X4,16X2LCD display, PC keyboard
interfacing facility, Hex keypad facility, single user cross
c-compiler,RS-232,USB, interfacing facility with built in
power supply.

2. | Desktop PC Loaded with open-source IDE, simulation and program 1 No.
downloading software.

VIII. Precautions to be Followed
Do not power up development board when identifying block.

IX. Procedure
Steps for creating a project using Keil software:
1. Start Keil by double clicking on Keil icon. (Keil automatically opens the last
project which was opened previously, when Keil was closed).
2. To create new project, Click on Project and select new project.
3. Select appropriate location for new project and type project name, click on save
button.

H 0 Type here to- search puf

4. “Select device for Target Target-1” window will open. It displays a list of
manufacturers of microcontrollers.

5. Double click on ATMEL or INTEL, list of supported microcontrollers gets displayed.
Select 8OC51AH from INTEL or AT89CS51 (or as per the target board) for ATMEL
then click ok.

Mabharashtra State Board of Technical Education ‘K-Scheme’
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[@n= vonca = o

Fie ot View Propea Flmn Desug Penpherss  Toolm  SVCS  Wingow  Melp
NBdP L a2 |«w|rnnnlieerird Har Qe @ BN

Sebect Device for Targen Target 1.

Device |
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Q anscios)
Q ansciosw
Q arascaost
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6. Click file pull down menu. Select new, a text editor window will open. Save this
file in a same folder where project was stored. Give extension as .ASM or. A51.

E Cobed vEMICLAR ey - wiisien - 0 X

m Lot view  Prget Fimn Decug  Penprarss  Teos  BVET  Winsow  beip . . N M
bl e (PR R =@ TR -0
>~ -0 A AR ~m

i

o s s

o saedn

7. On left hand project work space window will display Target]l and Source groupl.
8. Right click on source group; Add files to source group 1.
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B cx MICLAS 3
File - L C 1 enpn Melp
Jdo ) 3 AerlQ
0 S
Project Ll ] ] tewt - x
Project MICLAR
e g |
3 Sovers Gomeen
A Options for Group Source Growup 1 Ar-F
qmoean
€ A0 Eting Fies b Group Sewrce Growp 1 >
(5 Rebund b target thes
Y Bulld Target 24
& Manage Project ems
Vv Show ncude File Dependence:
‘ »
e ‘/W Or 0, < >
Builc Outut 'a
A3 Brtstmg Fikes 10 ¢ it Prof oup

9. Select file type as asm source file. Now all .asm file names will be displayed.

Select appropriate file, click ADD and close.

%)
File Edit View Projed Flh Debug Pepherss Tools SVCS  Window Help
G dd .Y o & L] JHaf @ e & | | E-
£ e Tasiget 1 J &| dh
LA - ®
T
1
|2 Spurce Growp 1
1 SAMPLEAS
K3 Add Files to Group 'Source Geoup 1
ook K _ -
SAMPLEASM
STARTUP.AST v
¢
Harame:  [SAMPLE
Hopoitype  [fam Sourcefie [5 s o
>
L
Sonulstion L1G1 A SCE

10. Project work space window will display ‘Target 1’ and ‘Source group 1’ with added

file name.

Mabharashtra State Board of Technical Education ‘K-Scheme’



Microcontroller & Applications (314328)

el VI MICLAR uypeoj - pVisian - s ] s
File Edit View Projed h Debug Pergherals Teols SWES  Window Help
Sda ® - L] XN >
d . Taget 1 J & &
Project o L] Tt - ®
15 Project MICLAE
PrOJect work space
Se.[@e [ 0F (1] | »
Buiig Cuiput L
!-mﬁoﬂ P bR ECEL
11. Type assembly language program. End with END directive. Save the file periodically.
| [ L —— - =] x
File Edil View Project Flah  Debup Peipharsh Tooli SYCS Window Help
S " "~ = _J Jadf@e P | E
i G e Teget 1 K| &
Prajedt P E | SAMPLEASM i
% Project: MICLAR 1 jmov 6, $5En
£ Target ] _: mov £3, 14k
| Sownce Growp 1
] SAMPLEAS
il i & »
L)
Simulstion L1

| [ s

12.  Right click on source group, click on Build target or press F7.
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N coke s .
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_ A Qe & 4
&
- x
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| Beibd Target ™
Transiate SAMALEA6M
¥ 4have inchate File Dependemon
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Bl et e
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13.  Output window will display the errors if any. If there are some errors, then remove the

errors and repeat from step number 12 until no errors.

T

r 3 JHdr Q|0 7 & -
Taeget | P -

Mabharashtra State Board of Technical Education ‘K-Scheme’



Microcontroller & Applications (314328)

To create a hex file, follow this procedure

Right click on target in project window.
Click on options for target ‘target 1°.
Click on output tab and checkmark the option “create hex file”.
Click ok
e. Repeat step 12 again.
Observe output window. Hex file is created.

ac o

This step is optional for the experiments which need only simulation method to observe the
results.

) et VAMICLAB. uvpec - siVisie =]

J e o - x i 5 Asr Qe y & =l N\
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E
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14. To start the simulation. Click on Debug pull down. Then select start/Stop debug session.

B Coked vHMICLAS 3
= 2 Flun  Desug  Penpherss  Too SV vindow  heip
2" N A 9 Swstop Devug Sesson Qners . i Qle X H-EES
e
Project L} 1L r - x

) Dwable Ab Breakpomt

@ ¥ LnBrempaints Crtesht-F3

15.  On start of debug session, project window will display all internal registers of 8051 and
their contents. To execute the program step by step, go on clicking on “step over” button.

16. Observe the logic levels of port pins, timers, interrupt etc. by clicking on PERIPHERALS
and select appropriate option.

Mabharashtra State Board of Technical Education ‘K-Scheme’
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Execute the program step by step and observe the logic levels on port pins.

PFPFFPFRY

ASM ASSTGN SreakDisable Breawfnable Sreap¥ill &
= [h—— z

17. Observe the serial communication by clicking VIEW pull down and select serial window-

1 Option.

18. Observe the contents of internal, external and code memory contents.

a. Click on memory window button

Memory window will get displayed near output window with address bar.
c. Type “i: address 8-bit H” for internal memory.” X: address16 bit H” for external memory

for code memory type “C: address”.

d. To modify the contents of memory, right click on contents of any memory location and

enter new valued to be loaded in that memory location

Mabharashtra State Board of Technical Education ‘K-Scheme’

11



Microcontroller & Applications (314328)

Please note that the features of Sr. no.16 to 18 are available only in debug mode
E-Waste Management

Identify pin configuration of the ICs and test the ICs on the IC tester.

If the IC is faulty then keep it in the proper e-waste bin.

If the IC is in OK condition, then mount it on breadboard or the trainer kit.

Utilize software-based simulations for training, decreasing the reliance on physical
trainer kits and subsequently reducing e-waste

sl s

X. Resources Used

S. No. | Instrument /Components Specification Quantity

XI.  Actual procedure followed (use blank sheet provided if space is not sufficient)

Mabharashtra State Board of Technical Education ‘K-Scheme’
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XII.

XIII.

XIV.

XV.

XVI.

Observations

Observe development board and list various components and write their
functions.

Table no. 1

Sr. No. Component Function

Result (Identification of various block of 8051 development board )

Interpretation of Results (Hardware and software features of 8051 development
board and Keil)

Conclusions and Recommendations (Actions/decisions to be taken based on the
interpretation of results).

------------------------------------------------------------------------------------------------------

Practical Related Questions

Note: Below given are few sample questions for reference. Teacher must design more such
questions so as to ensure the achievement of identified CO.

SR W=

Define bus. List different types of buses available in 8051 microcontroller
List any four features of Keil IDE.

State Program memory and Data memory capacity of 8051 microcontroller
Explain the selection criteria for selecting a microcontroller device.

State function of following pins of 8051 microcontroller:

i) ALE ii) RST iii) EA iv) PSEN

Mabharashtra State Board of Technical Education ‘K-Scheme’
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(Space for answers)

Mabharashtra State Board of Technical Education ‘K-Scheme’
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XVII. References / Suggestions for further Reading
1. https://www.ee.iitb.ac.in/fuma/~wel/well12/../ATMEL%?2089C51.pdf

2. https://ee.iust.ac.ir/files/ee/pages/az/mazidi.pdf
3. http://www keil.com
4. http://www.circuitstoday.com/getting-started-with-keil-uvision
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XVIII. Assessment Scheme

Performance indicators Weightage
Process related(15 Marks) 60% (15)
1 | Use of IDE tools for programming 30%
o . 20%
2 | Identifying components on developer kit
3 | Follow ethical practices. 10%
Product related (10 Marks) 40% (10)
4 | Observations and recording 20%
5 | Relevance of output of the problem definition. 15%
6 Timely Submission of report, Answer to sample 05%
questions.
TOTAL | 100% (25)

Marks Obtained Dated signature
of Teacher
Process | Product Related Total
Related (10) (25)
as)

Mabharashtra State Board of Technical Education ‘K-Scheme’
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Practical No.2: Assembly Language Program using various addressing

modes

II

I

I1I

VI

Practical Significance

The addressing modes specifies the way data can be moved or copied from source to
destination location thus providing various options and flexibility for data transfer.
This allows the programmer to write structured program which is essential to code
maintainability.

Industry/Employer Expected Outcome(s)

Maintain microcontroller based systems.
Course Level Learning Outcome(s)

Develop program in 8051 in assembly language for the given operation.
Laboratory Learning Outcome(s)

Develop an Assembly Language Program (ALP) for addition of two number bers
using various addressing modes and assembler directives.

Relevant Affective Domain related outcome(s)
Follow ethical practices.
Relevant Theoretical Background

Addressing Modes

A microcontroller provides various methods for accumulator essing data needed in the
execution of an instruction. The various methods of accumulator essing the data are
called addressing modes.

1. Immediate addressing mode:

The data is provided in instruction itself.

Ex: MOV A, #05H (The immediate data O5SH provided in instruction is moved into A
register).

Ex: ADD A, #05H (The immediate data O5H provided in instruction is added with
contents of A register and the result is stored in A register).

2. Register addressing mode:
The registers hold the data. The permitted registers are A, R7-R0 of each register bank.
Ex: MOV A, RO content of RO register is copied into Accumulator.
Ex: ADD A, RO content of RO register is added with content of Accumulator and
result is stored in Accumulator.

3. Direct addressing mode:
The data is in the RAM memory location and this address is given as part of

instruction.
Ex: MOV A, 30H Content of RAM address 30H is copied into Accumulator.

Mabharashtra State Board of Technical Education ‘K-Scheme’
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Ex: ADD A, 40H Content of RAM address 40H is added with content of
Accumulator and result is stored into Accumulator

4. Register Indirect addressing mode:
Here the address of memory location is indirectly provided by a register.
The '@’ sign indicates that the register holds the address of memory location
Ex: MOV A, @R0O Copy the content of memory location whose address is given

in RO register.

Ex: ADD A, @R0O Add content of Accumulator and content of memory location
whose address is given by register RO and store the result in Accumulator.
5. Register specific mode:

The operand is specified by certain specific registers such as accumulator or

DPTR

Ex: RRA Rotate the contents of accumulator to the right

. Indexed Addressing mode:

This addressing mode is basically used for accumulator addressing data from look
up table. Here the address of memory is indexed.

Ex: MOVC A, @A+DPTR The content of A register is added with content of
DPTR and the resultant is the address of memory location from where the data
is copied to A register.

Assembler Directives:

The assembler directives are instructions to the assembler to carry out certain

activity during the assembly process. The common assembler directives are:

% ORG: Indicates the beginning of the address.

DB: Used to define 8-bit data in decimal, binary, hexadecimal, ASCII formats.
EQU: Used to define a constant without occupying a memory location.

» END: Indicates end of the source file.

L)

X/ R/
L X X g

>

L)

L)

VII  Required Resources/apparatus/equipment with specifications
Sr. No. Instrument Specification Quantity
/Components
Desktop PC Loaded with open-source IDE, simulation and 1 No.
program downloading software.
VIII  Precautions to be followed

1) Check rules / syntax of assembly language programming.

IX  Procedure

Develop Program

1. Start Keil by double clicking on Keil icon.

Create a new project.

Select device for Target.

Double click on ATMEL or INTEL and select 80c51AH or AT89CS51.
Type the program in text editor and save as .asm or .a51.

Nk w

Compile the Program

Mabharashtra State Board of Technical Education ‘K-Scheme’
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6. Right click on source group and build the target.

7. Check for any errors in the output window and remove if any.
Run, Debug the Program

8. Click on Debug and start simulation and start/stop debug session.

9. Run the program step by step.

10. Observe the output on the project window. It will display all internal registers

of 8051 and their contents.
11. Note the contents of the registers in observation table

E-Waste Management

1

2.
3.
4.

Identify pin configuration of the ICs and test the ICs on the IC tester.

If the IC is faulty then keep it in the proper e-waste bin.

If the IC is in OK condition, then mount it on breadboard or the trainer kit.

Utilize software-based simulations for training, decreasing the reliance on physical
trainer kits and subsequently reducing e-waste

X Resources Used

S. No. [Instrument /Components Specification Quantity

1.

2.

SAMPLE PROGRAM 1: Write a program to add two 8-bit numbers using immediate and
direct addressing mode.
Step 1: Algorithm

1.

ISARNANE A

Start

Move the immediate data 02H into accumulator

Add the data in accumulator with immediate data 03H

Initialize R1 with memory address 30H

Move the result of addition from accumulator to the memory address pointed by R1.

Step 2-Flowchart

Stop

Load first number
in A register

)

Add 2nd number
with first number

l

Store the result in
internal RAM location

Fig 2.1 Flowchart to add data from accumulator with immediate data

Mabharashtra State Board of Technical Education ‘K-Scheme’
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Step 3: Assembly Language Program

Memor Hex Code .
emory Label Mnemonics Comments
Address
ORG 0000H
:Move the data 02H in
C:0x0000 | 7402 MOV A, #02H
accumulator
:Add the contents of
C:0x0002 2403 ADD A, #03H ’ )
accumulator with 03H
:Move the result in accumulator
C:0x0004 | F530 MOV 30H, A ’
to memory address 30H
END ;Stop
Output Window
File Edit View Projed Flash Debug Peripherals Tools SVCS Window Help
Eda a9 - o iEiE & Ae@Q- 00088 %
ZEO AP DRARELR-D2-3-0-0-08- 2
Registers 8 [ Disassembly a8
Em C:0x0000 MOV &, $0x02
T - o _- A0 A d0e03
'; ;é; s I’:‘:x‘\'w’ 0x30,A4
: - o
] Dt’u
Lo &=
" ——
b (x00
R
dptr x0000
PCS C:0x0006
slates 3 o
Command 1A
Memory 1
: no 'execute/read' permission Adress ‘L\].']H

D:0x30: 05

Fig 2.2 Output Window
SAMPLE PROGRAM 2: Write a program using ORG, DB and END directives

Step 1-Algorithm
1. Start.
2. Use ORG directive to set memory location at 0000H.
3. Initialize data pointer to memory location pointed by label MYDATA.

Mabharashtra State Board of Technical Education ‘K-Scheme’
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Clear Accumulator.

Move into accumulator a byte of data located at address pointed by DPTR.
Move data in accumulator to register 10

Increment data pointer

Clear Accumulator.

Move into accumulator a byte of data located at address pointed by DPTR.
10. Add data in accumulator with data in register RO

11. Initialize Data pointer to new memory location 2000H.

12. Move the contents of Accumulator to address pointed by DPTR.

13. Use data directive to write data 02H at memory location 0010H and data O3H at
memory location 001 1H

A

Step 2-Flowchart

| Use ORG duoective to set memory location at |

|

I Inttialize data pointer to memorv location pomnted bv label

I Clear Accumulator I
| Move mio accumulator a byvte of data located at address pomnted by |
I Move data i accummulator to register r I
-
| Increment data pomter |
-
| Clear Accumulator |
I Move mto accumulator a byvte of data located at address pomnted by
| Add data in accumulator with data in register |
| Initialize Data pointer to new memory locaton |
| Move the contenis of Accummulator to address pomied by |

Use data directive to write data 02H at memory locatron 0010H and data
03H at memory location 0011H

Fig 2.3 Flowchart for ORG, DB and END directives program

Mabharashtra State Board of Technical Education ‘K-Scheme’
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Step 3: Assembly Language Program

Memory
Address

Hex Code

Label

Mnemonics

Comments

ORG 0000H

:Use ORG
directive to set

memory location at
0000H

0000

900010

MOV DPTR, #MYDATA

:Initialize data
pointer to memory
Location pointed
by label MYDATA

0003

E4

CLR A

; Clear
Accumulator

0004

93

MOVC A, @A+DPTR

;Move code byte at
ACCUMULATOR
+DPTR to

ACCUMULATOR

0005

F8

MOV RO, A

:Move data in
accumulator to
register RO

0006

A3

INC DPTR

;Increment data
pointer byl

0007

E4

CLR A

; Clear
Accumulator

0008

93

MOVC A, @A+DPTR

;Move code byte at
accumulator
+DPTR to
accumulator

0009

28

ADD A, RO

;Add data in
accumulator with
data in Register RO

000A

902000

MOV DPTR, #2000H

;Initialize data
pointer to new data
memory location
2000H

000D

FO

MOVX @DPTR, A

Move the contents
of accumulator to
address pointed by
DPTR

000E

80FE

SIMP $§

0010

0203

MYDA
TA:

DB 02H,03H

;8-bit Data bytes to
be added

END

;Stop

Mabharashtra State Board of Technical Education ‘K-Scheme’
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Output Window

I8 074K MAA-EXP-MANUAL\MAA-EXP2.uvprj - pVisian - A ¥
Flie Edit View Project Flash Debug Penpheralt Tools SVCS Window Help
S al " = AN ] AeQ-ecda-|B- %
HLelnron DaREsR-0-3-0-0- 8- 2
Registers 8 [ 'Disassembly LR |
B - DETR |
0 00
il &0 R
2 00
a 500 B, BA+DETR
4 00 A
1] 000 b
] 00 s
; 500 DPTR, $0x2002
S —
a &00 @DPTR, A
b 00 o —
v e sa6 __coue
w7 020300 L3HE 10300
dotr 0000
PCS C0x0000 v X
states ]
sec 0:00000000
8 paw 00
B B Registers
mand 8 B Memary2 @
g with Co E —
I Dt \\TE4E-MAR- Address: [X-0x2002 i |
: 0 0
ASH ASSIGH BreakDisable BreakEnable BreakKill BreakList BreakSet Breakhccess COVERAGE COVIOFILE| Caf tack -1 ElMemory 2

Simulation 11; 4254,96725200 sec  L12C1 CAP HUM SR

Fig 2.4 Output Window

Problem statement #1 for student: Write a program to add two data bytes stored in internal
RAM locations using direct and indirect addressing Mode.

Mabharashtra State Board of Technical Education ‘K-Scheme’
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Step 1-Algorithm

Step 2-Flowchart

e Program

Step 3- Assembly Langua
Memory
Address Hex Code

Label

Mnemonics

Comments

Mabharashtra State Board of Technical Education ‘K-Scheme’
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Problem statement #2 for student: Write a program using EQU directive.

Step 1-Algorithm Step 2-Flowchart

Step 3- Assembly Language Program

Memory

Hex Code Label Mnemonics Comments
Address

Mabharashtra State Board of Technical Education ‘K-Scheme’
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X  Resources used

Sr. Name of Resource
No.

Specifications

Quantity

XI  Actual Procedure Followed (use blank sheet provided if space not sufficient)

[E—

A A T e B

XII Observation Table

After execution of sample program 1

After execution of sample program 2

XIIT Results (Output of the Program)

Accumulator Accumulator
Immediate data RO
30H memory 2000H memory
location location

Mabharashtra State Board of Technical Education ‘K-Scheme’
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XV Conclusions and Recommendation (Actions/decisions to be taken based on the

interpretation of results).

XVI Practical related questions

Note: Below given are few sample questions for reference. Teacher
must design more suchquestions so as to ensure the achievement of
identifies CO.

1. State significance of the symbol # used in addressing mode.

2. Develop a program to add two data bytes 25H and data 42H using immediate and
register addressing mode

3. Interpret output of following program
ORG 0000H
DATA1 EQU 05
DATA2 EQU 02
MOV A, #DATA1
MOV R2, #DATA2
ADD A, R2
END

[Space for Answers]

Mabharashtra State Board of Technical Education ‘K-Scheme’
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XVII References/Suggestions for further reading

1. The 8051 Microcontroller and Embedded system Using Assembly and C- Muhammad
Ali Mazidi, Janice Gillispie Mazidi, Rolin D. Mckinlay- Pearson /Prentice Hall, , 2nd
edition, Delhi,2008, ISBN 978-8177589030

2. https://nptel.ac.in/courses/Webcourse-contents/I1Sc-
BANG/Microprocessors%20and%20Microcontrollers/pdf/Teacher_Slides/mod2/M?2
L2.pdf

3. https://nptel.ac.in/courses/Webcourse-contents/II'T
KANPUR/microcontrollers/chap2.pdf

4. https://www.youtube.com/watch?v=nIT5SB3JEAak

XVIII Assessment Scheme

Performance indicators Weightage

Process related: 15 Marks 60% (15)

1 | Use of IDE tools for programming 20%

2 | Coding and Debugging ability 30%

3 | Follow ethical practices. 10%
Product related: 10 Marks 40% (10)

4 | Correctness of algorithm/ Flow chart 20%

5 | Relevance of output of the problem definition 15%

6 | Timely Submission of report, Answer to sample questions 05%

Total 100 % (25)

Mabharashtra State Board of Technical Education ‘K-Scheme’
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Marks Obtained Dated signature
of Teacher
Process | Product Related Total
Related (10) (25)
as)

Mabharashtra State Board of Technical Education ‘K-Scheme’

29



Microcontroller & Applications (314328)

Practical No. 3: ALP to perform arithmetic operations on 8- bit data

I Practical Significance

Applications of microcontroller often involve performing mathematical calculations.
8051 microcontroller provide arithmetic instructions for performing operations such
as addition, subtraction, multiplication, division etc. This practical will help the
students to develop skills to write assembly program for arithmetic operations.

v Industry/Employer Expected Outcome(s)

Maintain microcontroller-based systems.

111 Course Level Learning Outcome(s)
Develop program in 8051 in assembly language for the given operation.

A\ Laboratory Learning Outcome(s)
Develop an ALP to perform arithmetic operations: addition, subtraction,
multiplication and division on 8-bit data

A% Relevant Affective Domain related outcome(s)
Follow ethical practices.

VI Relevant Theoretical Background
Arithmetic operations of addition, subtraction, multiplication and division are

carried out by Register A. Register B is specifically used for multiplication and
division purpose. The 8051 microcontroller consists of four register banks, BankO,
Bank1, Bank2, Bank3. Each bank contains 8 registers (RO to R7).

Arithmetic operations affect flags in PSW register of 8051

Processor Status Word

(MSB) (LsB)

PSW.7 PSW.6 PSW.5 PSW.4 PSW.3 PSW.2 PSW.1 PSW.0

Direct Addressing DOH| cYy | AC | FO | RSll RSO | ov | - | P |
Bit Address D7 D6 DS D4 D3 D2 D1 Do

User Definable Flag
Overflow Flag
Register Bank Select Bit 0

Carry Flag —f T
Auxilary Carry Flag

General Purpose Status Flag
Register Bank Select Bit 1

‘ R

Fig 3.2 Program Status Word Register

Mabharashtra State Board of Technical Education ‘K-Scheme’
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Arithmetic Instructions:

Mnemonics

Operational description

ADD A, #number

Add the immediate number with accumulator and stores result in

accumulator
ADD A, Rn Add the data in Rn with accumulator and stores result in accumulator
ADD A, add Add the data in add with accumulator and stores result in accumulator
ADD A, @Rp Add the data at the address in Rp with accumulator and stores result in
accumulator
ADDC A, # number Add the immediate number with accumulator and carry, stores result in
accumulator
ADDC A, Rn Add the data in Rn with accumulator and carry, stores result in accumulator
ADDC A, add Add the data in add with accumulator and carry, stores result in accumulator
ADDC A, @Rp Add the data at the address in Rp with accumulator and carry, stores result

in accumulator

SUBB A, #number

Subtract immediate number and carry from accumulator; stores the result in

accumulator

SUBB A, add Subtract the content of add and carry from accumulator; stores the result in
accumulator

SUBB A, Rn Subtract the data in Rn and carry from accumulator; stores the result in
accumulator

SUBB A, @Rp Subtract the data at the address in Rp and carry from accumulator; stores the
result in accumulator

MUL AB Multiply accumulator and register B. store the lower byte of result in
accumulator and higher byte in B

DIV AB Divide accumulator by register B. store quotient in accumulator and
remainder in B

INC A Increments the accumulator by 1

INC Rn Increments the data in register Rn by 1

Mabharashtra State Board of Technical Education ‘K-Scheme’
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INC @Rp Increments the data at the address in Rp

DEC A Decrements the accumulator by 1

DEC Rn Decrements the data in register Rn by 1

DEC @Rp Decrements the data at the address in Rp

INC DPTR Increments data pointer by 1

XII

Required Resources/apparatus/equipment with specifications

Instrument

Sr. No. Specification

/Components

Quantity

I.

Desktop PC Loaded with open-source IDE, simulation and program
downloading software.

1 No.

XIII

X1V

Precautions to be followed

1) Check rules / syntax of assembly language programming.

Procedure

Develop Program

1. Start Keil by double clicking on Keil icon.

2. Create a new project.

3. Select device for Target.

4. Double click on ATMEL or INTEL and select 80c51AH or AT89CS51.
5. Type the program in text editor and save as .asm or .a51.
Compile the Program

6. Right click on source group and build the target.

7. Check for any errors in the output window and remove if any.
Run, Debug the Program

8. Click on Debug and start simulation and start/stop debug session.
9. Run the program step by step.

10. Observe the output on the project window. It will display all internal registers

of 8051 and their contents.
11. Note the contents of the registers in observation table

E-Waste Management

el NS

Identify pin configuration of the ICs and test the ICs on the IC tester.

If the IC is faulty then keep it in the proper e-waste bin.

If the IC is in OK condition, then mount it on breadboard or the trainer kit.
Utilize software-based simulations for training, decreasing the reliance on physical

trainer kits and subsequently reducing e-waste

Mabharashtra State Board of Technical Education ‘K-Scheme’
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SAMPLE PROGRAM 1: Write a program to add, subtract, multiply and divide two 8 bit
numbers.

Step 1: Algorithm

Move data 04H in Accumulator.

Add data 03H to the number stored in accumulator (04 H).
Store result of addition operation in register R1

Clear Carry flag

Move data O8H in accumulator.

Subtract data 02H from number stored in accumulator (08 H).
Store result of subtraction operation in register R2

Move data O5H in accumulator and data O3H in register B.
Multiply the two number.

10. Store lower byte of product in R3 and higher byte of product R4.
11. Move data 10 H in Accumulator and 06 H in register B.

12. Divide the two number.

13. Store quotient in register RS and remainder in register R6
14. Stop

WO R WD =

Mabharashtra State Board of Technical Education ‘K-Scheme’
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Step 2-Flowchart

Mvlow e the data O4EFL am accurmulatos

|

A dd the comtents of accunmulator with O3

X

Ldd the contents of accwurmulator with O3 EL

1

Store thhe result 1 R 1 register

|

Clear Carrs Flas

1

vIow e thhe data OEBEL in accurmualator

1

Subtract data O2FE from data in  accurmulator
wwrith borrowmay

1

Store the result i R2 remister

l

vIow e thhe data O5SEL i accurmualator

1

MMowe the data O3 in register B

L

DvIultiply the contents of % and B

!

Store the Lower by te result am R 3

]

Store the hizher byte result in R4

1

lowe the dara 10FT in accurmulatos

1

lovwve the data O6 in register B

L

IDiwridle the contents of S and B

i

Store the quoticnt in B4 register
Store the Remainder in RS register

Fig 3.3 Flowchart for arithmetic operations
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Step 3: Assembly Language Program

Memory Hex .
Address Code Label Mnemonics Comments
ORG 0000H
C:0x0000 7404 MOV A, #04H ; Move the data 04H in accumulator
C-0x0002 2403 ADD A, #03H ; Add the contents of accumulator
with 03H
C:0x0004 F9 MOV R1, A ; Store the result in R1 register
C:0x0005 C3 CLR C ;Clear the carry flag
C:0x0006 7408 MOV A, #08H :Move the data O8H in accumulator
C-0x0008 9402 SUBB A, #02H ;Subtract the 02H from data in
accumulator with borrow(cy)
C:0x000A FA MOV R2, A ;Store the result in R2 register
C:0x000B 7405 MOV A, #05H :Move the data O5SH in accumulator
C:0x000D 75F003 MOV B, #03H ;Move the data 03H in register B
C:0x0010 A4 MUL AB ;Multiply the contents of A and B
C:0x0011 FB MOV R3, A ;Store the lower byte result in R3
C:0x0012 ACFO MOV R4, B ;Store the higher byte result in R4
C:0x0014 7410 MOV A, #10H :Move the data 10H in accumulator
C:0x0016 75F006 MOV B, #06H ;Move the data 06 in register B
C:0x0019 84 DIV AB ;Divide the contents of A and B
C:0x001A FD MOV R4, A ;Store the quotient in R4 register
C:0x001B AEF0 MOV R5, B ;Store the Remainder in R5 register
END ;Stop

Output Window

File ;\t'ﬂ\ﬁ: ‘ Prfjje{t IF\:;s‘h -qDEbugl <P:ripherls Tools SVCSl \'\;Hd-l-;\ﬂ Help ‘ Lg g j w | @ . | . (5) qﬁ - | ﬂ . | k)\

&’;l | ® oo ;|¢\§isfﬂfgﬂzvjvavurilvﬁv\:w -

Regster [ value | aoaTE 2

- e S
ey b
Fig 3.4 Output Window
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Problem statement for student: Write a program to perform multiplication and division of
two 8 bit numbers taken from external memory locations and store the result in Registers RO
to R3.

Step 1-Algorithm Step 2-Flowchart

Step 3- Assembly Language Program

Memory

Hex Code Label Mnemonics Comments
Address

Mabharashtra State Board of Technical Education ‘K-Scheme’
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XV  Resources used

No.

Sr. Name of Resource

Specifications

Quantity

XVI  Actual Procedure Followed (use blank sheet provided if space not sufficient)

XITI Observations for sample program (use blank sheet provided if space not sufficient)

Arithmetic DATA BYTEI1 DATA BYTE 2 Result after execution
operation
Addition R1=
Subtraction R2 =
Multiplication R3 = R4 =
Division R5 = R6 =

XIII  Results (Output of the Program)

Mabharashtra State Board of Technical Education ‘K-Scheme’

37




Microcontroller & Applications (314328)

XV Conclusions and Recommendation (Actions/decisions to be taken based on the

XVI

W=

interpretation of results).

Practical related questions
Note: Below given are few sample questions for reference. Teacher must
design more suchquestions so as to ensure the achievement of identifies
CO.

Write an ALP to subtract series of 5 numbers.

State the flags affected by DIV AB instruction.

Interpret the output of following program

MOV A, # 255

INC A

END

Give the status of CY, AC, P flag after execution of following program:

MOV A, # 78H

ADD A, # 55H

END

[Space for Answers]
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XVII References/Suggestions for further reading

1. https://www.tutorialspoint.com/arithmetic-group-in-8051

2. https://technobyte.org/arithmetic-instructions-8051/
3. https://technobyte.org/arithmetic-instructions-8051/

XVIII Assessment Scheme

Performance indicators Weightage

Process related: 15 Marks 60% (15)

1 | Use of IDE tools for programming 20%

2 | Coding and Debugging ability 30%

3 | Follow ethical practices. 10%
Product related: 10 Marks 40% (10)

4 | Correctness of algorithm/ Flow chart 20%

5 | Relevance of output of the problem definition 15%

6 | Timely Submission of report, Answer to sample questions 05%

Total 100 % (25)

Marks Obtained Dated signature
of Teacher
Process | Product Related Total
Related 10) (25)
as)
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Practical No. 4: ALP to perform arithmetic operations on 16-bit data.

I Practical Significance

8051 microcontrollers have single instruction arithmetic operations. Applications such as BCD
and ASCII conversions and checksum byte testing require arithmetic operations. This practical
will help the students to develop skills to write assembly program for arithmetic operations.

IT Industry/Employer expected outcome(s)
Maintain microcontroller-based systems.

III Course Level Learning Outcome(s)

Develop program in 8051in assembly language for the given operation.

IV Laboratory Learning Outcome(s)
Develop an ALP to perform arithmetic operations: addition, subtraction on 16-bit data.

V Relevant Affective domain related Outcome(s)

Follow ethical practices.

VI Relevant Theoretical Background
When performing 16-bit addition on an 8051 microcontroller, you typically use a combination
of registers to store the intermediate values, operands, and results. The registers used for 16-

bit arithmetic operations are:

1.  Accumulator (A): Used for arithmetic and logical operations.

2. Data Pointer (DPTR): A 16-bit register used to point to memory locations. Often used to
point to the locations of the operands in memory.

3. General-Purpose Registers (RO - R7): Used to store data temporarily.

Register bank and their RAM address

7 R7 F RT 17 RT 1F RT
6 R6 E R6 16 R6 1E R
5 RS D R35 15 R3 1D R3
4 R4 cl R4 14| R4 1C| R4
3 R3 B R3 13 R3 1B R3
2 R2 A R2 12 R2 14 R2
1 R1 | R1 1 R1 19 R1
0 RO 8 RO 10 RO 18 RO
Bank 0 Bank 1 Bank 2 Bank 3
Fig 4.1 Register Banks
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8051 uses DPTR, a 16 bit register to access the 16-bit data from external memory. It is used in
MOVX, MOVC command
Arithmetic operations affect flags in PSW register of 8051

Processor Status Word

(MSB) (LsB)
PSW.7 PSW.6 PSW.5 PSW.4 PSW.3 PSW.2 PSW.1 PSW.0
Direct Addressing DOH| CY AC FO RS1 | RSO ov - P
Bit Address D7 1

Carry Flag Panty Flag
Auxilary Carry Flag User Definable Flag
General Purpose Status Flag Overﬂow Flag

Register Bank Select Bit 1 Register Bank Select Bit 0

Fig 4.2 Program Status Word Register

The 8051 microcontroller supports various arithmetic operations using specific instructions.
Here's an overview of the key instructions used for arithmetic operations:

Addition Instructions

ADD A, source: Adds the source operand to the accumulator (A). Source can be a register
(RO-R7), a direct address, or an immediate value.

Example: ADD A, R1: Adds the value in register R1 to the accumulator

ADDC A, source: Adds the source operand to the accumulator along with the carry bit. Used
for multi-byte (e.g., 16-bit) addition where carry needs to be considered.
Example: ADDC A, R2: Adds the value in register R2 and the carry bit to the accumulator

Subtraction Instructions

SUBB A, source: Subtracts the source operand and the carry bit from the accumulator. Source
can be a register, a direct address, or an immediate value.

Example: SUBB A, #10H: Subtracts the immediate value 10H and the carry bit from the
accumulator

VII  Resources Required

;:;' Instrument /Components Specification Quantity
1 Desktop PC Loaded with open-source IDE, 1 No.
simulation and program downloading
software

VIII Precautions to be Followed
1. Check rules / syntax of assembly programming.
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IX

M S

a

8.

9.

Procedure

Write Program

Start Keil by double clicking on Keil icon.

Create a new project.

Select device for Target.

Double click on ATMEL and select AT89C51.

Type the program in text editor and save as filename.asm extension.
Compile the Program

Right click on source group and build the target.

Check for any errors in the output window and remove if any.
Run, Debug the Program

Click on Debug and start simulation and start/stop debug session.
Run the program step by step.

10. Observe the output on the project window.
11. Note the values of the result of various operations in the observation table.

E-Waste Management

Sl o e

Identify pin configuration of the ICs and test the ICs on the IC tester.

If the IC is faulty then keep it in the proper e-waste bin.

If the IC is in OK condition, then mount it on breadboard or the trainer kit.

Utilize software-based simulations for training, decreasing the reliance on physical
trainer kits and subsequently reducing e-waste

SAMPLE PROGRAM 1: To perform following: arithmetic operations: 16-bit addition

Step 1-Algorithm

1.

Yo N R WD

p—
e

11.
12.

Select register bank 2.

Initialize Carry Counter to get result > 16 bit.

Load LSB of first number in Accumulator.

Add LSB of Second number with LSB of first number.
Store LSB of result.

Load MSB of first number in Accumulator.

Add MSB of second number with MSB of first Number.
If Carry is not 1, then go to step 10.

Increment Carry Counter by 1.

Store MSB of result.

Store Carry of result.

Stop.
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Step 2-Flow Chart

START >

Load the lower 8 bits of first number of
Accumulator

hJ

Lower the lower 8-bits of second number in B
register

ADD the contents of A register with B register

!

Store the result in memory location

b

Load the higher 8-bits of first number in A
register

v

Load the higher 8-bits of second number in B
register

v

Add the contents of reg A and B along with
previous carry

b 4

Store the result in memory location.

R
SD

Fig 4.3 Flowchart for arithmetic operations

Step 3- Assembly Language Sample Program: 16-bit Addition

lxlggigg g) e;i(e Label Mnemonics Comments
ORG 0000H
Load the contents of memory
C:0x0000 E540 MOV A, 40H location 40H in A register (Lower
8-bits of first number)
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Memory Hex .
Address Code Label Mnemonics Comments
Load the contents of memory
C:0x0002 8542F0 MOV B, 42H location 42H in B register (Lower 8
bits of second number)
C:0x0005 25F0 ADD A, B Add the contents of A and B
C-0x0007 F544 MOV 44H, A ASVt&;e the result in memory location

. Load the content of 41H in register
C:0x0009 | E541 MOV A, 41H A (Higher 8 bits of first number)

. Load the contents of 43H in register
C:0x000B 8543F0 MOV B, 43H B (Higher 8 bits of second number)
C-0x000E 35E0 ADDC A.B ADI? the contents of A and B with

previous carry
C:0x0010 F545 MOV 45H, A Store the result at location 45H
END
Output Window
I 16 bt sddbition - gisiond g
D [t Yew Bt Py Drioy Pughent Jooh JVC5 Wese be
dd@ san 9pr wo P L ) ir @ e 4 4

A3 ASSIGE Break{dsable Breadizable Breakiill Ereaklist Breakier Breakiocess | i {TERS ] ﬂ

DrOelhiki OO0 00 00 00 OO 00 €8 00 00 00 &0 OO 00 00 00 00 G5 00 00 DO 0O 00 w

Fig 4.4 Output Window

SO0 s L2 O Cap
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Problem statement 1 for student: Write a program to perform 16-bit subtraction

Step 1-Algorithm

Step 2-Flowchart

Step 3- Assembly Language Program

Memory
Address

Hex
Code

Label

Mnemonics

Comments
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Memory Hex .
Address Code Label Mnemonics Comments
X Resources Used
S.No. | Instrument /Components Specification Quantity

XI Actual Procedure Followed (use blank sheet provided if space not sufficient)

XII Observations for sample program (use blank sheet provided if space not sufficient)

Sr.
No.

Registers/Memory
Locations used in the
code

Contents / Result
after execution

1

2

3
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Sr. Registers/Memory Contents / Result
No. Locations used in the | after execution
code
4
5
6

XIII Results (Output of the Program)

XYV Conclusions and Recommendation (Actions/decisions to be taken based on the
interpretation of results).

XVI Practical Related Questions

Note: Below given are few sample questions for reference. Teacher must design more
such questions so as to ensure the achievement of identified CO
1. Write the status of the CY, AC and P flag after the addition of 1239CH and AC64H.
2. Write instructions to perform subtraction without borrow.
3. Write instructions to perform the following operations:

a. Set the carry flag.

b. Select Bank 2 of RAM memory.

[Space for Answers]
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XVII References / Suggestions for further reading
1. https://www.pantechsolutions.net/...tutorials/subtraction-of-two-numbers-using-8051

2. https://electronicsforyou.in/8051-program-for-addition-of-two-16-bit-numbers/
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XVIII Assessment Scheme
The given performance indicators should serve as a guideline for assessment regarding process
and product related marks:

Performance indicators Weightage
Process related: 15 Marks 60% (15)
1 | Use of IDE tools for programming 20%
2 | Coding and Debugging ability 30%
3 | Follow ethical practices. 10%
Product related: 10 Marks 40% (10)
4 | Correctness of algorithm/ Flow chart 20%
5 | Relevance of output of the problem definition 15%
6 | Timely Submission of report, Answer to sample questions 05%
Total 100 %(25)

Marks Obtained

Dated signature
of Teacher

Process | Product Related Total
Related (10) (25)
aas)
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Practical No. 5: ALP to perform addition of BCD data.

I Practical Significance

8051 microcontrollers have single instruction arithmetic operations. Applications such as BCD
and ASCII conversions and checksum byte testing require arithmetic operations. This practical
will help the students to develop skills to write assembly program for arithmetic operations.

II Industry/Employer expected outcome(s)

Maintain microcontroller-based systems.

IIT Course Level Learning Outcome(s)

Develop program in 8051in assembly language for the given operation.

IV Laboratory Learning Outcome(s)

Develop an ALP to perform addition of BCD data stored at external and store result in internal
memory.

V Relevant Affective domain related Outcome(s)

Follow ethical practices.

VI Relevant Theoretical Background

Binary-Coded Decimal (BCD) is a method of representing decimal numbers where each digit
is encoded as a separate 4-bit binary number. This allows for easier manipulation and display
of decimal numbers in digital systems, such as microcontrollers and computers. The numbers
from O to 9 are valid BCD whereas the numbers from A to F are invalid BCDs. Binary-Coded
Decimal (BCD) addition in the 8051 microcontroller involves adding two BCD numbers and
adjusting the result to ensure it remains in BCD format. If the result of addition results in an
invalid BCD then suitable modification of addition of six is done to convert the number from
invalid to valid BCD. For this in 8051 DAA instruction is used.

DAA Instruction:

The DAA (Decimal Adjust Accumulator) instruction is used in the 8051 microcontrollers to
correct the result of a binary-coded decimal (BCD) addition operation. After adding two BCD
numbers, the result might not be a valid BCD number. The DAA instruction adjusts the
accumulator to ensure the result is a valid BCD number.

Conditions for Adjustment:

1. If the lower 4 bits (nibble) of the accumulator are greater than 9, or if the auxiliary
carry (AC) flag is set, 6 is added to the lower nibble.

2. If the upper 4 bits (nibble) of the accumulator are greater than 9, or if the carry (C)
flag is set, 6 is added to the upper nibble.
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Ex: If the result of the addition is 0x3C (which is not a valid BCD), DA A will correct it to
0x42 (which is a valid BCD for the number 42).

VII  Resources Required
;l(;'. Instrument /Components Specification Qu;ntlt
1 Desktop PC Loaded with open-source IDE, 1 No.
simulation and program downloading
software
VIII Precautions to be Followed
1. Check rules / syntax of assembly programming.
IX Procedure
Write Program
1. Start Keil by double clicking on Keil icon.
2. Create a new project.
3. Select device for Target.
4. Double click on ATMEL and select AT89CS51.
5. Type the program in text editor and save as filename.asm extension.
Compile the Program
6. Right click on source group and build the target.
7. Check for any errors in the output window and remove if any.
Run, Debug the Program
8. Click on Debug and start simulation and start/stop debug session.
9. Run the program step by step.

10. Observe the output on the project window.
11. Note the values of the result of various operations in the observation table.

E-Waste Management

1

2.
3.
4.

Identify pin configuration of the ICs and test the ICs on the IC tester.

If the IC is faulty then keep it in the proper e-waste bin.

If the IC is in OK condition, then mount it on breadboard or the trainer kit.

Utilize software-based simulations for training, decreasing the reliance on physical
trainer kits and subsequently reducing e-waste

SAMPLE PROGRAM 1: To perform addition of BCD data stored at external and store the
result in internal memory.
Step 1-Algorithm

1.

A

Initialize Data pointer [DPTR] with memory location 2000H

Load the contents of memory location pointed by DPTR to Accumulator
Transfer the contents of A register to RO.

Increment DPTR

Load the contents of memory location pointed by DPTR to Accumulator
Perform the addition of contents of A register with RO register.

Maharashtra State Board of Technical Education ‘K Scheme’ 52




Microcontroller & Applications (314340)

7. Perform BCD adjustment on the result by using DA A instruction.
8.  Move the contents of Accumulator (result) to internal memory location
9. Stop.

Step 2-Flow Chart:

Initizlize DPTE with memeory location 2000H

!

Load the contents of memory location pointed by DPTE. to Accumulator

'

Transfer the contents of A register to RO,

. Increment DFTE

[ Load the contents of memory location pointed by DPTR to Accumulator

.

Perform the addition of contents of A register with R0 register.

Perform BCD adjustment

Transfer the contents of A register to internal location 30H

STOPF

Fig 5.1 Flowchart for BCD addition

Step 3- Assembly Language Sample Program

Memory Hex

Address Code Label Mnemonics Comments
ORG 00H
C:0x0000 902000 MOV DPTR, #2000H Initialize Data pointer [DPTR]

with memory location 2000H

Load the contents of memory

C:0x0003 EO MOVX A, @DPTR location pointed by DPTR to
Accumulator
C-0x0004 F8 MOV RO, A Transfer the contents of A

register to RO.

C:0x0005 A3 INC DPTR Increment DPTR
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Hex
Code

Memory

Address Label

Mnemonics

Comments

C:0x0006 EO

MOVX A ,@DPTR

Load the contents of memory
location pointed by DPTR to
Accumulator

C:0x0007 28

ADD A, RO

Perform the addition of
contents of A register with RO
register

C:0x0008 D4 DA A

Perform BCD adjustment on
the result by using DA A
instruction.

C:0x0009 F530

MOV 30H, A

Transfer the result to internal
memory location 30H.

END

Input and Output Window:
Eile Edit Miew Project Flash Debug Peripherats Tools SVCS  Window Help
3 L S BBl L i o ]

. ..E_‘].."- .“ ”. 93:”_@ _é”g;‘bu “; 2 - __:|. ﬁ.' ;.C' .;1._.

& T3

! -
| i Froject |ﬁuemstm |

|| Regster Value = :gi
He )2 HpR
1 [50) HCP
2 B0 HoR
(2] 00 HCP
i 00 HOP
5 w0 HCP
© w00 HOP
7 w00 ::Eg v
=a- ]
.
b [ * [2] BeD agaitionasm | - x
» 7 5 1Nc DPTR j
. il 06 MOVX A, EDPTR
67 ADD A, RO
PCS C:x0008 08 Da A |
i 12w e mov som, A e

@ Memor 1

Running with Code Size Limit: 2K
Load "C:\\Useza\\Admins \\Deskeop\\EJ K Schems Documents\\MAR lab manuas

** grror €5: access violation at C:0x000B : no 'execute/read' permission

< >
5

ASM A33IGH BreakDisable BreakEnskle BreakKill BreakList BreakSet Breakd

L [%:0x00207E :

| [Eacan stack [ @Losais [ wisten 1 | Demory 1 [[Miemory2 [ @ symbois

PO 00 00 00 00 00 00 00 00 00 00 00 00 OO0 00 OO0 00 00 0O
. W0 00 00 00 00 00 00 00 Q0 00 00 00 Q0 00 00 00 Q0 00 00 00

: 00 00 00 00 00 00 00 00 00 OO0 00 00 00 Q0 00 OO0 00 00 00 0O 0O
z T 00 00 00 00 Q0 00 00 00 Q0 Q0 00 00 Q0 Q0 00 00 00 Q0 00 Q0 QO
X:0x002054: 00 00 00 00 00 00 00 00 00 00 00 00 Q0 Q0 00 Q0 00 00 00 QO 0O
X:0x002065: 00 00 00 00 Q0 00 00 00 Q0 Q0 00 00 Q0 Q0 00 Q0 00 Q0 00 QO QO
00 00 00 00 00 00 OO OO OO0 OO0 OO0 00 00 OO0 00 00 00 OO0 00 OO OO0

X:0x002053: 00 00 00 00 00 00 00 00 Q0 00 00 00 00 00 00 Q0 00 Q0 00 00 QO v

Simulation

11 00000600 sec CAP MUM SCRU OVR RAW

Fig 5.2 Input Window
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0
L
] i
" >
L] %X =0
5 "
™ wio ’v
o= |
» Bl 4] w0 ssemenmm | - x
- ol N oFTe
e 5 25 7
1 ASC A, W
30 CONCE | DA A
Py, |
- ISRT N v, A z
.
Running wath Code Jiae Limisi 2K R A
1oed =C:\\Users\\Administrator\\Desktcp\\EJ X Scleme Oocumestis\\MAA lad sasua | Adboen § X B
"o aTESE €51 #TCeRs VASIATION oT CIORDOIE 1 RO "eXeCUTE/TeAd’ FAIRIERIcH oo»oaob'oowwo:oooooomoooooooo'mwoooo
' S¥00 00 00 00 00 00 00 00 00 00 00 00 OO O 00 00 00 O 09 00 O
12e0mSCICe 00 00 00 00 00 00 00 40 OO 00 00 00 40 OO0 00 00 00 00 0O 00 00 O
13:0x72:22 00 00 00 00 00 00 00 00 OF 00 00 00 G0 OO 00 00 00 G0 0 00 00 00
T10uBE181 00 00 40 00 00 00 00 40 00 00 00 00 G0 00 00 00 00 G0 U0 00 00 0
- 5 (TOXEIE: 00 00 00 05 00 00 00 60 03 00 00 00 90 9 09 00 00 90 2 09 00 00
it . Ta0uBAI4r 00 00 20 00 00 00 00 0 40 00 00 00 OO 00 00 00 00 OO OO 00 00 00
> TeomCArh: 00 00 00 00 00 00 00 00 OO 00 00 00 00 00 00 00 00 OO &0 00 00 00
ASM ASSIGN BeeakDisable Breadfnable Breakkill Steaklisy Breaklet BeeakAccess I ey 1 l:m!ﬁmj
. o ' ' Cmsation 520N e AP ML UR OV W

Fig 5.2 Output Window

Problem statement 1 for student: Write a program to perform BCD subtraction

Step 1-Algorithm

Step 2-Flowchart
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Step 3- Assembly Language Program

Memory Hex ]
Address Code Label Mnemonics Comments
X Resources Used:
S. No [nstrument Specification Quantit
T /Components p y

XI Actual Procedure Followed (use blank sheet provided if space not sufficient)

Maharashtra State Board of Technical Education ‘K Scheme’




Microcontroller & Applications (314340)

XIV Observations for sample program (use blank sheet provided if space not sufficient)

Sr. No.

Memory Location
used in the code

Contents after
execution

1

2

3

XV  Results (Output of the Program)

XVII Conclusions and Recommendation (Actions/decisions to be taken based on the

Interpretation of results).
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XVIII Practical Related Questions
Note: Below given are few sample questions for reference. Teacher must design more
such questions so as to ensure the achievement of identified CO

1. Give the significance of Auxiliary carry and Carry flag while performing BCD
operations.

2. Give the types of BCD number system.

List the applications of BCD number systems.

het

[Space for Answers]
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XIX References / Suggestions for further reading
https://www.refreshnotes.com/2016/04/8051-program-addition-8bit-2digit-bcd.html

https://www.tutorialspoint.com/binary-coded-decimal-bcd-addition
https://www.vlsifacts.com/bcd-addition/

1.
2.
3.

XX Assessment Scheme
The given performance indicators should serve as a guideline for assessment regarding process
and product related marks:

Performance indicators Weightage
Process related: 15 Marks 60% (15)
1 | Use of IDE tools for programming 20%
2 | Coding and Debugging ability 30%
3 | Follow ethical practices. 10%
Product related: 10 Marks 40% (10)
4 | Correctness of algorithm/ Flow chart 20%
5 | Relevance of output of the problem definition 15%
6 | Timely Submission of report, Answer to sample questions 05%
Total 100 % (25)

Marks Obtained Dated signature
of Teacher
Process | Product Related Total
Related (10) (25)
as)
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Practical No. 6: ALP to perform series addition.

I Practical Significance

The series addition in the 8051 microcontroller is a fundamental aspect of its programming and
functionality. Series addition is a basic arithmetic operation that is used extensively in various
programming tasks within the microcontroller. It is often employed in loop mechanisms where
iterative addition of values is required, essential for tasks like averaging or cumulative sums.

II Industry/Employer expected outcome(s)

Maintain microcontroller-based systems.

IIT Course Level Learning Outcome(s)

Develop program in 8051in assembly language for the given operation.

IV Laboratory Learning Outcome(s)

Develop an ALP for sum of series stored in RAM locations 40 to 49H. Find the sum of the values at
the end of program the lower byte stored in 30H and the high byte in 31H.

V Relevant Affective domain related Outcome(s)

Follow ethical practices.

VI Relevant Theoretical Background

The 8051 microcontrollers for performing series addition uses INC and DEC instructions for
efficient byte increment and decrement operations, along with loop instructions and several
iterations to get the final result.

INC (Increment Instruction): The INC instruction increases the value of a byte by one.

Syntax: INC operand

Operands: Can be an accumulator (A), a register (R0O-R7), a direct address, a data pointer (DPTR),
or an indirectly addressed memory location (@Ri).

Example: INC A: Increments the accumulator and result stored in accumulator.

DEC (Decrement Instruction): The DEC instruction decreases the value of a byte by one.

Syntax: DEC operand

Operands: Similar to INC, it can target the accumulator, a register, a direct address, or an indirectly
addressed memory location.

Example: DEC A: Decrements the accumulator and result stored in accumulator.
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Branching Instructions:

Operation Mnemonics Description
ACALL Address11 Calls a subroutine in the maximum address range of
Call 2K bytes
LCALL Address16 Calls a subroutine in the maximum address range of
64K bytes
RET Returns the control from subroutine
Return RETI Returns the control from an interrupt subroutine
AJMP Addressl11 Jumps to an address in a 2KB range
LIMP Address16 Jumps to an address in a 64KB range

SIMP Relative address Jumps to an address in a 256-byte range (0 to 127
(0-7FH) range and -1 to -128 (FFH-80H).

JMP @A+DPTR [DPTR]<-[DPTR+A]

JZ Relative address Jumps to address when accumulator=0

JNZ Relative address Jumps to address when accumulator =0

Jump CINE A, Direct address, Jumps to relgtive address when accumulator=data

Relative address stored at a direct address

CINE A, #Data, Relative | Jumps to relative address when accumulator=data
address given by the programmer

CINE @Rn, #Data, Jumps to relative address when data at memory
Relative address location stored in register=data given by the

programmer

DJNZ Rn, Relative Decrements value in Rn and jump to relative
address address till Rn =0

DIJINZ Direct address, Decrements value at memory location stored in a
Relative address register and jump to relative address till memory

location stored in register =0

VII  Resources Required

;l(;' Instrument /Components Specification Quantity
1 Desktop PC Loaded with open-source IDE, 1 No.
simulation and program downloading
software

VIII Precautions to be Followed
1. Check rules / syntax of assembly programming.

IX  Procedure
Write Program
1. Start Keil by double clicking on Keil icon.
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2.
3.
4.
5. Type the program in text editor and save as filename.asm extension.

=

7.

8.

9.

Create a new project.
Select device for Target.
Double click on ATMEL and select AT89C51.

Compile the Program

Right click on source group and build the target.

Check for any errors in the output window and remove if any.
Run, Debug the Program

Click on Debug and start simulation and start/stop debug session.
Run the program step by step.

10. Observe the output on the project window.
11. Note the values of the result of various operations in the observation table.

E-Waste Management

1.

Identify pin configuration of the ICs and test the ICs on the IC tester.

2. If the IC is faulty then keep it in the proper e-waste bin.
3.
4. Utilize software-based simulations for training, decreasing the reliance on physical trainer kits

If the IC is in OK condition, then mount it on breadboard or the trainer kit.

and subsequently reducing e-waste

SAMPLE PROGRAM 1: Develop an ALP for sum of series stored in RAM locations 40 to 49H.
Find the sum of the values at the end of program the lower byte stored in 30H and the high byte in

31H.

Step 1-Algorithm

I.

00N oUW

Initialize Register RO with the starting memory address.

Initialize Register R1 as counter to count the number of data values.

Initially clear register R2 and Accumulator.

Add the contents of Register A and contents of memory location pointed by RO.

Check whether carry flag is set or not. If carry flag is set then Increment register R2
Increment Register RO to point to next number.

Decrement register R1 to check whether all additions are performed or not

If zero flag is not set then go to step 4 and repeat the process till all numbers are added
Move the contents of Accumulator (result) and Register R2 to memory location 30H and 31H.

10 Stop.
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Step 2-Flow Chart:

Initialise memory pointer RO at the starting memory location

i )

Intialise register R1 as counter to count the data values |

]

Initialhy Cl:ear the Register R2 and A |

!

T

Add the contents of Accumulator and contents of first memory location

Increment Memory pointer R2

|

=4 |Increment Memory pointer RO

l

Decrement Memory pointer R1

Store the result in Accumulator and Register R2 to memory location

Fig 6.1 Flowchart for Series addition

Step 3- Assembly Language Sample Program

Memory Hex .
Address Code Label Mnemonics Comments
ORG 00H
C:0x0000 | 7840 MOV RO, #40H Initialize Register RO with
memory location 40H

) Initialize Register R1 with
C:0x0002 790A MOV R1, #0AH count value of 10 [0AH]
C:0x0004 7A00 MOV R2, #00H Clear Register R2
C:0x0006 E4 CLR A Clear Accumulator
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Memory Hex .
Address Code Label Mnemonics Comments
Add the contents of register A
C:0x0007 26 RPT | ADD A, @RO and the contents of memory
location pointed by RO.
C:0x0008 | 5001 JNC DOWN Check the carry flag if it is not
set then jump to label down
C-0x000A 0A INC R2 Incrfement the contents of
Register R2
C-0x000B 08 DOWN | INC RO Incrfement the contents of
Register RO
Decrement R1 and check if
C:0x000C D9F9 DINZ R1, RPT the contents are zero or non-
ZET0.
Move the contents of
C:0X000E F530 MOV 30H, A accumulator to memory
location 30H
C-0X0010 3A31 MOV 31H, R2 Move the contents qf Register
R2 to memory location 31H
END
Input and Output Window:
Input
File Edt Wiew Project Fiash Debug FPerpherals Tools 3VCS  Window Help
EFL) AL YA Lar @008 F]A
B0 N |2 -\3- M -0 - b S
';'Re“g::;%—J Ll : ;bc:-:xa;-;-:- T840 MOV Idua::,;J;:J 1
C: -JXJ;-;Z TO0R Mo i R-:: ,_ ;3;3:‘
i ] ) f__ ) MOV B2, _#-J-E-:'!
i w00 C+0x0004 TROD MOV R2, p0x00
¢ B0 51 CLR A
5 00 C:O%0006 E4 CLR A
& B0 g RPT: ADD A, @Rg
= B0 C:0%0007 26 ADD A,4R0 I
SR 7 T TM™ TWRIET ;
b w00 vl serles adaition.asm x|
» b7 10 DINE R1, RET j
poy B i MOV 30H, A
dpir b0 — MOV 3lH, R2
ik L0012 13 HERE: SIMP HERE
-t IS =0 4
(] Projent EQFEEEETEJ 1 )
Running with Code Size Limie: 2‘!( I

Lead "Cii\Usersh\Admi

aeracor\\Deskeep\\EJ K Schems Documznta\\MAR lab manua

1
1T
I:0n58:8:
I
I
I

0l 02 03 04

05 0@ 07 08

05 02330 00 00 00 00 00 00 00 00 00 ¢
L0000 o0 00 00 00 00 90 00 00 G0 00 00 00 00
D0 DO 0O 0O BB B0 O 0D DO DO OO G0 00 00 0O 00 00 00 0O ¢

0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

p g OxAE:E: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 GO 00 00 00 OC
| T:0xC4:4 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 ¢
> :0xDAzA: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 G0 00 00
ASH ASSIGN BreakDisable EreakEnable BreakRill Breaklist Break3ec Breakhccess || Gcallstad I{J;.om I,@mm:- ]_":Mmm [ju.-.;.:--,. 2 l_a§1r.lJu.\|
Simulation t1: 5364, 70910650 5 AP NUM SCRAL OVR RAW
Fig 6.2 Input Window
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Output Window

Hle [dit View Project Flash Debug Peripherali Tools SVCS  Window Help

a2 @l 00 [FTIA

Rageer Vaoe ) ! ”
5 Fom e)cion0000 7840 MoV
i Dida J A
7 00 C:0w0002  T80A MOV
b 0 & .
a P CiO#0004  TAOO MOV B2, #0800
4 00 5 CIR &
& b Ci0%000E B4 oL L
P i 8t RET: ADD &, RO
: P Ci0x0007 26 ADD A, 8R0 0
T TRIT TWEIN
B < >
- = —
b [ 7 8] series addition.asm v X
ki b7 ] DINE R1, RET j
e B0 i il MOV 304, A
dptr D000 — R MOV 318, R2
FL s Lo 13 HERE: SOMP HERE
o s |y = 4

| roect | 2 regstes | [ 3

[Running with Code Size Limit: 2K  a— o~
[Load "C:\\Usezs\\Administracor\\Desktop\\EJ K Scheme Documents\\MAR lab manua J: 5 u
{ Q00 00 00 00 00 90 Q0 00 00 00 0D 00 00 01 02 03 04 05 0¢
Q0 00 00 00 Q0 00 00 00 Q0 00 OO0 00 Q0 00 Q0 00 Q0 00 00
4] 00 00 00 00 00 90 00 00 00 00 00 00 00 00 00 00 00 00 OO
(Tr0x722: 00 00 00 00 OO 00 Q0 00 OO0 00 00 00 00 00 Q0 00 00 Q0 QO 00 0§ 00
|T:0x88:8: 00 00 90 00 OO 00 00 00 OO0 00 00 G0 00 00 00 00 90 Q0 0O 00 20 00
|T;0%9E:E2 00 00 00 00 €0 00 00 00 Q0 90 00 00 00 DO 00 0O 00 00 00 00 GO 00

1< £}

o ,|Ts0xB4:4: 00 00 00 00 00 00 00 00 0O Q0 00 00 00 Q0 0O 00 00 Q0 0O 00 00 OO
> |T:0xCA:A: 00 00 00 00 00 00 00 00 0O VO 00 €0 00 00 00 00 00 00 00 00 00 00 ¥
ASM ASSIGN BreakDisable BreakEnable BreakMill Breaklist Break3et Breakhccess “;"'JEMI itngk |,Qlu;a:: |,'Qw.aun'.i:!M=mqm Jjuemmz i_'asrmuuu|

Simulation 11 G662 E7E3FH50 5 CAP HUM SCRL QVRI AW
—

Fig 6.3 Output Window

Problem statement 1 for student: Write a program to perform Series addition of five numbers taken
from external memory locations and store the result in registers RO and R1 respectively.

Step 1-Algorithm Step 2-Flowchart
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Step 3- Assembly Language Program

Memory Hex .
Address Code Label Mnemonics Comments
X Resources Used:
S. No. Instrument /Components Specification Quantity
1.

XI Actual Procedure Followed (use blank sheet provided if space not sufficient)
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XI Observations for sample program (use blank sheet provided if space not sufficient)

Sr. No. Memory Location Contents
used in the code
1
2
3
4
5
6
7
8
9
10
Sr. No. Memory Location Contents of
used in the code execution
1
2

XV  Results (Output of the Program)
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XVII Conclusions and Recommendation (Actions/decisions to be taken based on the
interpretation of results).

XVIII Practical Related Questions
Note: Below given are few sample questions for reference. Teacher must design more such
questions so as to ensure the achievement of identified CO

1. MOV A, # 55H
RLCA

Give the Contents of accumulator and status of carry flag after execution of the above two
instructions.

2. Give the instructions used to set and clear the carry flag.
3. Give the sequence of instructions used to perform subtraction without borrow.

[Space for Answers]
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XIX References / Suggestions for further reading
1. https://electronicsforyou.in/8051-program-to-add-an-array-of-numbers/

2. https://www.tutorialspoint.com/program-branch-group-in-8051

3. https://www.refreshnotes.com/2016/04/8051-program-sum-of-set-of-numbers-in.html

XX A

ssessment Scheme

The given performance indicators should serve as a guideline for assessment regarding process and

product related marks:
Performance indicators Weightage
Process related: 15 Marks 60% (15)
1 | Use of IDE tools for programming 20%
2 | Coding and Debugging ability 30%

3 | Follow ethical practices. 10%
Product related: 10 Marks 40% (10)
4 | Correctness of algorithm/ Flow chart 20%

5 | Relevance of output of the problem definition 15%

6 | Timely Submission of report, Answer to sample questions 05%

Total 100 % (25)

Dated signature
of Teacher

Marks Obtained
Process | Product Related
Related 10)
aas)

Total
(25)
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Practical No. 7: Array data transfer from source locations to destination
locations

I Practical Significance

Understanding 8051 microcontroller memory organization helps in making optimal use of
internal RAM and ROM. For applications which require additional memory, the external
memory can be accessed. This practical will help the students to develop skills to transfer
data from source to destination location.

VI Industry/Employer Expected Outcome(s)

Maintain microcontroller based systems.

111 Course Level Learning Outcome(s)
Develop program in 8051 in assembly language for the given operation.

IV Laboratory Learning Outcome(s)
Develop an ALP to transfer data from source to destination locations of internal/ external
data memory.

A% Relevant Affective Domain related outcome(s)
Follow ethical practices.

VI Relevant Theoretical Background
Microcontroller 8051 has two types of memory, Program Memory and Data Memory.
Program Memory (ROM) is used to permanently save the program being executed, while
Data Memory (RAM) is used for temporarily storing data and intermediate results created
and used during the operation of the microcontroller.

FFFE FFFFJ upto J, FFFF
upto 60 KB of external
64 KB 1’ ROM T upto
of external
ROM 771000 00FS 64 KB
o - & Special function of external
EPROM — ooso | Registers RAM
J/ 4 KB of internal J/
EA=0 ,( ROM { 007F | 128 bytes
0000 FA =1 RAM
0000 0000 0000
s /
— /
N ~
Program Memory Data Memory

Fig. 7.1 8051 memory organization
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The 8051 microcontroller uses data transfer instructions to move data between internal RAM
locations, as well as between internal and external RAM.

Internal RAM data transfer instructions:

Table 7.1 : Data Transfer Instruction

Mnemonics

Description

MOV A, direct

Move direct byte to Accumulator

MOV A, @Ri

Move indirect RAM to Accumulator

MOV Rn, direct

Move direct byte to Register

MOV direct, A

Move Accumulator to direct byte

MOV direct, Rn

Move register to direct byte

MOV direct, direct

Move direct byte to direct byte

PUSH direct Push direct byte onto stack

POP direct Pop direct byte from stack

XCH A, direct Exchange direct byte with Accumulator
XCH A, @Ri Exchange indirect RAM with Accumulator

XCHD A, @Ri Exchange low-order nibble indirect RAM with Accumulator

Instructions to Access External Data Memory:

Table 7.2: External Data Access Instructions

Mnemonic Description

MOVX A, @Rp Copy the contents of the external memory address in Rp to A.

MOVX A. @DPTR | Copy the contents of the external memory address in DPTR to A.

MOVX @Rp. A Copy data from A to the external memory address in Rp

MOVX @DPTR, A | Copy data from A to the external memory address in DPTR.
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XVII  Required Resources/apparatus/equipment with specifications

downloading software.

Instrument . . .
Sr. No. /Components Specification Quantity
1. Desktop PC Loaded with open-source IDE, simulation and program 1 No.

XVIII Precautions to be followed

1) Check rules / syntax of assembly language programming.

XIX Procedure

Develop Program

SNk D=

Start Keil by double clicking on Keil icon.

Create a new project.

Select device for Target.

Double click on ATMEL or INTEL and select 80c51AH or AT89C51.
Type the program in text editor and save as .asm or .a51.

Compile the Program

6. Right click on source group and build the target.

7. Check for any errors in the output window and remove if any.
Run, Debug the Program

8. Click on Debug and start simulation and start/stop debug session.
9. Run the program step by step.

10. Observe the output on the project window. It will display all internal registers of 8051

and their contents.

11. Observe the contents of internal and external data memory.

E-Waste Management

i

Identify pin configuration of the ICs and test the ICs on the IC tester.
If the IC is faulty then keep it in the proper e-waste bin.

If the IC is in OK condition, then mount it on breadboard or the trainer kit.

Utilize software-based simulations for training, decreasing the reliance on physical

trainer kits and subsequently reducing e-waste

SAMPLE PROGRAM 1: Write a program to transfer a block of 5 data bytes from internal source
data memory locations 40H onwards to destination memory locations SOH onwards.

Step 1: Algorithm

SNhA B =

Set program starting address.

Initialize source memory pointer RO to 40H.
Initialize destination memory pointer R1 to SOH.
Initialize iteration count R2 to O5H.

Move content of first location into accumulator.
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6. Move the content of accumulator to first destination location.

7. Increment source memory pointer.
8. Increment destination memory pointer.

9. Decrement iteration count, and jump to step 5, if not zero.

10. Stop

Step 2-Flowchart

Start

v

Initialize memory pointer as
a s50ource

!

Initialize memaory pointer as
a destination

'

Initialize iteration counter

N

Fig. 7.2 Flowchart to transfer a block of data

Move the content of first
location into accumulator

¥

Maove the content of
accumulator to first
destination location

Increment source location

¥

Increment destination
location

¢

Decrement iteration count

'

Yes

o)
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Step 3: Assembly Language Program

Memory Hex

Address Code Label Mnemonics Comments
C:0x0000 ORG 0000H
C:0x0000 7840 MOV RO, #40H ill(r)lﬁlahze source memory pointer RO to
C:0x0002 7950 MOV RI, #50H ;Initialize destination memory pointer
R1 to 50H
C:0x0004 TAO05 MOV R2, #05H ;Initialize iteration count to 05H
C:0x0006 ) ;Move the contents of source memory
E6 UP: MOV A, @RO pointed by RO to Accumulator
C:0x0007 F7 MOV @RI, A ;Moye the contents of Accumulator to
destination memory pointed by R1
C:0x0008 08 INC RO :Increment the contents of RO
C:0x0009 09 INCR1 ;Increment the contents of R1
C:0x000A DAFA DINZ R2, UP ; Decrement counter by one, Is it zero?
No ,jump to UP
END
Output Window
File judv:: Projedt :m qDebug :nphua\;‘ Tools  SVCS tnm:v Help = i e
& 8 BRI RELR-0-3-8-3- 8- %
Registers 2 [ Disassembly g
Lo r ' |
;
B Memon1 g
B..SH ASSIGN BreakDisable BreakEnable BreakKill BreakList BreakSet BreakAccess COVERAGE C.[}'JTGFI'_Zl .—‘4‘ al al jh‘!maly\ : I
Fig 7.3 Output Window
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Problem statement for student: Write a program to transfer a block of 05 bytes from internal data
memory location 20H onwards to external data memory location 2000H onwards

Step 1-Algorithm Step 2-Flowchart
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Step 3- Assembly Language Program

Memory

Hex Code Label Mnemonics Comments
Address

XX Resources used

Sr. Name of Resource Specifications Quantity
No.

XXI  Actual Procedure Followed (use blank sheet provided if space not sufficient)

Maharashtra State Board of Technical Education ‘K-Scheme’



Microcontroller & Applications (314304)

XII Observations for problem statement 1 (use blank sheet provided if space not sufficient)

Before execution After execution

Memory location Data Memory location Data

XIII  Results (Output of the Program)

XYV Conclusions and Recommendation (Actions/decisions to be taken based on the interpretation
of results).

XVI Practical related questions
Note: Below given are few sample questions for reference. Teacher must design
more suchquestions so as to ensure the achievement of identifies CO.
State any two instructions used to access external memory in 8051.
2. State registers used as memory pointers in 8051.
3. Explain the operation of following instructions:
a) XCHD A, @R1 b) PUSH 30H

—

[Space for Answers]
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XVII References/Suggestions for further reading

1. https://www.silabs.com/documents/public/presentations/8051_Instruction_Set.pdf
https://www.daenotes.com/electronics/digital-electronics/8051-microcontroller-instruction-

types
3. https://www.electronicshub.org/8051-microcontroller-memory-organization/

XVIII Assessment Scheme

Performance indicators Weightage
Process related: 15 Marks 60% (15)
1 | Use of IDE tools for programming 20%
2 | Coding and Debugging ability 30%
3 | Follow ethical practices. 10%
Product related: 10 Marks 40% (10)
4 | Correctness of algorithm/ Flow chart 20%
5 | Relevance of output of the problem definition 15%
6 | Timely Submission of report, Answer to sample questions 05%
Total 100 %(25)

Marks Obtained Dated signature
of Teacher
Process | Product Related Total
Related (10) (25)
as)
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Practical No. 8: Block exchange of data from source locations to destination
locations.

I Practical Significance

Data transfer is a process of moving or copying information from one location to other location
within internal or external data memory. To save the results of certain operations, to create
lookup tables etc. these data transfer programs are required. Block data transfer is more
efficient than byte-by-byte operations, especially when dealing with large data sets.
It minimizes overhead by reducing the number of instruction cycles required for data
movement.

II Industry/Employer expected outcome(s)

Maintain microcontroller-based systems.

IIT Course Level Learning Outcome(s)

Develop program in 8051 in assembly language for the given operation.

IV Laboratory Learning Outcome(s)

Develop an ALP to exchange data from source to destination locations of internal/external
memory locations.

V Relevant Affective domain related Outcome(s)

Follow ethical practices.

VI Relevant Theoretical Background

The 8051 microcontroller memory is divided into Program Memory and Data Memory.
Program Memory (ROM) is used for permanent saving program being executed, while Data
Memory (RAM) is used for temporarily storing and keeping intermediate results and variables.
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7FH
30H

Scratch Pad RAM

2FH

20H
1FH

18H
17H

10H
OFH
08H
07H
00H

1FH

08

09

00

01

02

03 04 05 06 07

R7
HO

Bank 3

R7
Ao

Bank 2

R7
Ro

Bank 1

R7
RO

Bank 0

Fig 8.1 RAM Organization in 8051

FFFFH
External ROM

OFFFH
Internal ROM

0000H

Fig 8.2 ROM Organization in 8051

N\

[

Bit addressable
RAM

\

Stack

N

SP = 07 (initially)

The 8051 microcontroller includes 128 bytes of internal RAM and up to 4 KB of internal

ROM:

1.

RAM (128 bytes): Divided into working registers, bit-addressable area, and general

storage.

ROM (4 KB): Stores the microcontroller's firmware, typically used for storing the
program that the 8051 executes. Locations from 0000H to OFFFH are internal
locations and that exceeds OFFFH are external locations.

These memory components are integral for the operation and flexibility of the 8051 in

various applications.
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VII  Resources Required
;:;' Instrument /Components Specification
1 Desktop PC Loaded with open-source IDE, 1 No.
simulation and program
downloading software
VIII Precautions to be Followed
1. Check rules / syntax of assembly programming.

IX Procedure

Nk w =

oo

8.
9.

Write Program

Start Keil by double clicking on Keil icon.

Create a new project.

Select device for Target.

Double click on ATMEL and select AT89C51.

Type the program in text editor and save as filename.asm extension.
Compile the Program

Right click on source group and build the target.

Check for any errors in the output window and remove if any.
Run, Debug the Program

Click on Debug and start simulation and start/stop debug session.
Run the program step by step.

10. Observe the output on the project window.

11. Note the values of the result of various operations in the observation table.

E-Waste Management

1

2.
3.
4.

SAMPLE PROGRAM 1: Write and execute a program to exchange five data bytes of

Identify pin configuration of the ICs and test the ICs on the IC tester.
If the IC is faulty then keep it in the proper e-waste bin.

If the IC is in OK condition, then mount it on breadboard or the trainer kit.

Utilize software-based simulations for training, decreasing the reliance on physical

trainer kits and subsequently reducing e-waste

internal memory location from S0H to 60H onwards.

Step 1-Algorithm

1.

© NNk W

Start

Initialize memory pointer as a source.

Initialize memory pointer as a destination.

Initialize counter.

Move the content of first location into accumulator.

Move the content of accumulator to first destination location.
Increment source location.

Increment destination location.

Move the contents of Accumulator to source locations
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10. If zero flag is not set then go to step 4 and repeat the process till all numbers are added
11. Decrement iteration count and if not zero jump to step 5.
12. Stop.

Step 2-Flow Chart:

/ Initialize R0 as pointer for source memory location 30H /{
¥
/ Initialise R4 as pointer for destination memory location S0H /
¥
/ Initialise R7 as connter for 5 times /

Y

Move the first nomber from source locations pointed by Bo to A register

¥
Idove the first momber from souree locations pointed by Bo to A register

¥
Exchangs the contents of Fegister A with the memory location pointed by B4 registar

¥
Increment ragister Bo and Ba to point to next memory location

i

Diectement Counter B register

Fig 8.3 Flowchart for Block Exchange
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Step 3- Assembly Language Sample Program

Memory Hex .
Address Code Label Mnemonics Comments
ORG 00H
Initialize memory pointer RO
C:0x0000 7850 MOV RO.#50H
as a source
C:0x0002 | 7960 MOV R1, #60H Initialize memory pointer R1
as a destination
C:0x0004 7F05 MOV R7, #05H Initialize counter.
Move the content of first
C:0x0006 E6 UP MOV A, @RO location in to
accumulator.
C-0x0007 C7 XCH A, @R1 Exchange with destination
memory
Move the contents of
C:0x0008 Fé6 MOV @RO,A Accumulator to source
locations
C:0x0009 08 INC RO Increment source location
C:0x0009 09 INCR1 Increment destination location
Decrement iteration count and
C:0x000A DFF9 DIJNZ R7, UP if not zero
jump to step 3.
END
Input and Output Window:
[ [a1 Jes Perl PR Dted  Pewenes Dl DTl e
= o = [a]r N A @]
- (S HT; @ ! s -
B e ;_ = RN BT S - A
— i e 18
. -.':T | ST r=-:-:l OV Bl Bi=E
:: ! w00 _ -r_s HOY 27, 10w
. _:I. ! CaTmbid i P T
F ;:i | ; b= o
:dn- e |
» >z ) e i it
gl | i i
:. 1 OO0 L :? &m K1 I il

BEM RSATEN HosabDimahls Bpeakfpanls Erssniill Braagliss SrsabdSsc Byeallocsss

Fig 8.4 Before Execution Window
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Eile Edit View Project Flash Debug  Peripherals Tools SVCS  Window  Help

Gk B L0, N — | R S

3 a0 c: o0 HOP

5 o0 cr 00 HOP

s 00 o 00 HOP

oo a0 : 00 NOP

" 00 e o9 HOP ;
-5y et an fo— .

b 00 " [%] Block excahnge.asm - W

b el 07 MOV BRO,A E‘

B by 08 1NC RO

b G000 —| Moy mic R1

PC § L0000 10 Dawz R, UE 1]

il B o =11 @ c
(i) Project ] ES Registers i | r | »

Running with Code Size Limic: 2K
Losd "C:h\\Usars\\Adminiseracor\\Deskeop\\Block Exchange®
&&& srror 65: access viclation ac C:0x000D : no 'execute/read' permission

0 q q
00 00 00 00 00 OO0 00 OO =
00 00 00 0000 00 OO0 00° 0D 00 00 0000 Q0 Q0 00 00 00 Q0 00 0O
00 00 00 OO 00 00 00 OO 00 00 00 OO0 00 00 OO0 OO 00 00 QO QO 00
00 00 00 Q0 00 00 OO0 Q0 00 OO0 00 90 00 0O OO Q0 00 OO0 QO Q0 00
00 00 00 00 00 00 00 00 00 00 00 00 00 ©O0 00 00 00 OO 00 00 00
It 00 00 00 Q0 00 00 00 Q0 00 0O 00 90 00 0O OO Q0 00 00 QO Q0 00
> 00 00 00 OO 00 00 OO OO 00 ©0 00 00 Q0 00 00 Q0 OO0 OO0 00 Q0 00 w

ASM ASSIGH BreakDisable BreakEnsble EreakKill BreakList BreakSet BreakAccess |[$_‘,c.n|su;k|;=@muh I,E'.\m:h‘ Iﬂugmam lmsﬂ“"“"|

Simulation 11: 0.00001500 sec AP NUM! SCRL OVR =_'\1.'I
Fig 8.5 After Execution Window

Problem statement 1 for student: Write a program to perform Block Exchange from source
to destination using external memory locations.

Step 1-Algorithm Step 2-Flowchart
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Step 3- Assembly Language Program

Memory Hex .
Address Code Label Mnemonics Comments
X Resources Used:
S.No. | Instrument /Components Specification Quantity
1.

XI Actual Procedure Followed (use blank sheet provided if space not sufficient)
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XI Observations for sample program (use blank sheet provided if space not sufficient)

Before execution After execution

Memory |Contents| Memory | Contents | Memory |Contents| Memory | Contents
Address Address Address Address

XV  Results (Output of the Program)

XVII Conclusions and Recommendation (Actions/decisions to be taken based on the
interpretation of results).
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XVIII Practical Related Questions
Note: Below given are few sample questions for reference. Teacher must design more
such questions so as to ensure the achievement of identified CO

1. Write program to perform block transfer from source to destination memory locations.
2. Give the significance of DPTR in using external memory locations.
3. Give the importance of EA pin in 8051

[Space for Answers]
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XIX References / Suggestions for further reading

1.
2.
3.

XX Assessment Scheme
The given performance indicators should serve as a guideline for assessment regarding process
and product related marks:

https://www.refreshnotes.com/2016/04/8051-program-exchange-block-of-data.html
https://www.tutorialspoint.com/program-branch-group-in-8051
https://www.codesexplorer.com/2016/12/8051-alp-to-move-data-from-internal-to-external.html

Performance indicators Weightage
Process related: 15 Marks 60% (15)
1 | Use of IDE tools for programming 20%
2 | Coding and Debugging ability 30%

3 | Follow ethical practices. 10%
Product related: 10 Marks 40% (10)
4 | Correctness of algorithm/ Flow chart 20%

5 | Relevance of output of the problem definition 15%

6 | Timely Submission of report, Answer to sample questions 05%

Total 100 % (25)

Marks Obtained Dated signature
of Teacher
Process | Product Related Total
Related (10) (25)
(s)
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Practical No. 9: Finding the smallest number from the given data bytes

I Practical Significance

Microcontrollers use compare operation to test or compare register values. The results of
these operations can update flag bits, which can then be used to change program flow
through conditional execution. This practical will help the students to develop skills to use
the compare and loop instructions to find smallest number from a block of data bytes.

I Industry/Employer Expected Outcome(s)
Maintain microcontroller based systems.

111 Course Level Learning Outcome(s)
Develop program in 8051 in assembly language for the given operation.

IV Laboratory Learning Outcome(s)
Develop an ALP for identifying smallest number from the given data bytes stored in internal/

external data memory

A% Relevant Affective Domain related outcome(s)
Follow ethical practices.

V1 Relevant Theoretical Background
In 8051 microcontroller, instructions CINE and DJNZ can be used in combination for finding
smallest number from a block of data bytes.
CJNE : Compare and Jump If Not Equal -
CINE compares the value of two operands and branches to the indicated relative address if
operands are not equal. If the two operands are equal program flow continues with the instruction
following the CJNE instruction. CY flag is affected. CY flag is set if the first operand is smaller
than second operand else it is reset.

Mnemonic Description

CJNE A direct,rel Compares direct byte to the accumulator and jumps if not equal.
CJNE A #data,rel Compares immediate data to the accumulator and jumps if not equal
CJNE Rn,#data,rel Compares immediate data to the register and jumps if not equal.
CINE @Ri,#data,rel Compares immediate data to indirect register and jumps if not equal.

DJNZ Rn, relative

This instruction decrements the contents of register by 1 and jump to the relative address if not zero.
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VII  Required Resources/apparatus/equipment with specifications

Instrument

Sr. No. /Components Specification Quantity
1. Desktop PC Loaded with open-source IDE, simulation and program 1 No.
downloading software.

VIII  Precautions to be followed
1) Check rules / syntax of assembly language programming.

IX Procedure

Develop Program

SNk =

Start Keil by double clicking on Keil icon.

Create a new project.

Select device for Target.

Double click on ATMEL or INTEL and select 80c51AH or AT89C51.
Type the program in text editor and save as .asm or .a51.

Compile the Program

6.

Right click on source group and build the target.

7. Check for any errors in the output window and remove if any.
Run, Debug the Program
8. Click on Debug and start simulation and start/stop debug session.

9.

Run the program step by step.

10. Observe the output on the project window. It will display all internal registers of 8051

and their contents.

11. Note down the readings in observation table

E-Waste Management

b=

Identify pin configuration of the ICs and test the ICs on the IC tester.
If the IC is faulty then keep it in the proper e-waste bin.

If the IC is in OK condition, then mount it on breadboard or the trainer kit.

Utilize software-based simulations for training, decreasing the reliance on physical

trainer kits and subsequently reducing e-waste

SAMPLE PROGRAM 1: Write a program to find smallest number from the given array of 05 data
bytes stored in internal RAM locations 30H onwards and store the smallest number in location 40H.

Step 1: Algorithm

NNk »w =

Initialize the comparison count to 04H which is number of data bytes minus one.
Initialize source memory pointer RO to 30H.

Move the contents of source location pointed by RO to Accumulator

Increment source memory pointer

Move the contents of source location to register B

Compare the two numbers.

If number in A is less than number in B, then go to step 9.
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8. Move smallest number from register B to register A
9. Decrement comparison count by 1.

10. If count is not zero go to step 4.
11. Store the smallest number from register A location 40H

Step 2- Flow Chart

Step 3: Assembly Language Program

=

Ingialize Comparson count: R2={(4H

\

Initialize Sowrce memory pointer RO=30H

1

Move firsst mumber 1o register A

r

*

Increment memory pomter RO

'

Move next munber o register B

:

Compare tao mumbers

;.\'n

Move smaller mumber to register A

-
-

Decrement comparson cound

Store smalest number m 40H

T

Fig 5.1 Flowchart to find smallest number

Memory Hex .
Address Code Label Mnemonics Comments
ORG 0000H
C:0x0000 TA04 MOV R2.#04H ;Initialize Comparison count
C:0x0002 7830 MOV RO.#30H ;Initialize Source memory pointer

RO=30H
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Memory Hex .

Address Code Label Mnemonics Comments
C:0x0004 E6 MOV A,@RO ;Move first number to register A
C:0x0005 | 08 UP: INC RO ;Jncrement memory pointer
C:0x0006 86F0 MOV B,@R0 ;Move next number to register B
C:0x0008 B5F0000 CINE A,B, DOWN | ;Compare two numbers
C:0x000B ) ;If number in register A is Smaller than

4002 DOWN: 1€ SMALL number in register B, jump DOWN
C:0x000D | ESFO MOV AB ;Move smaller number in register B to A
C:0x000F DAF4 SMALL DINZ R2.UP ;Dec'rement comparison count, if count
# 0, jump UP
C:0x0011 F540 MOV 40H, A :Move smallest number to location 40h
END

Output Window

File Edit View

Project Flash

Debug

Peripherals Tools

Window Help

== - N B9 @@ == M| Re|Q-le o a&-|B- A
FlEe vt » DB Ea&A-0-2-82-3- 8- %
Registers o B Disassembly
il | valuo | [V o;‘:o R2, $0x04
= Regs : Ox "u , #0x
- .
= 00 C:0x0002 RO, #0x30
2 <00 . -
3 ™00 A, QRO
4 x00 -
5 000 Ro
3 <00
7 00 B (0xF0), @RO
=l Sys E— - -
s natis 8 A, B (0xF0) , DOWN (C: 000B)
b 03 DOWN:JC SMALL
sp x07 C:0x000B 4002 JC SMALL (C:000F)
07 o 10V A, -
C:0x000D A,B(0xF0)
R2,UP (C:0005)
0x40,A
Memory 1
[D:30H
D:0
D:
D:0
D:
D:0
D:0O
D:
D:
D:
;-'J Ca
] Project | == Registers |
Simulation
Fig 5.2 Output Window
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Problem statement for student: Write a program to find smallest number from the given array of

05 data bytes stored in External RAM locations 3000H onwards and store the smallest number in

location 4000H.

Step 1-Algorithm

Step 2-Flowchart
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Step 3- Assembly Language Program

Memory

Hex Code Label Mnemonics Comments
Address

X  Resources used

Sr. Name of Resource Specifications Quantity
No.

XI  Actual Procedure Followed (use blank sheet provided if space not sufficient)

e T AT R B
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XII Observations for problem statement (use blank sheet provided if space not sufficient)

Before execution After execution

Memory location Data Memory location Data

3000H
3001H
3003H
3004H

XIII  Results (Output of the Program)

XYV Conclusions and Recommendation (Actions/decisions to be taken based on the interpretation
of results).

XVI Practical related questions
Note: Below given are few sample questions for reference. Teacher must design
more suchquestions so as to ensure the achievement of identifies CO.
1. State the significance of counter in finding smallest number from series of numbers.
2. Explain the internal operation performed by CPU while executing CJNE instruction. Also
state the effect on CY flag
3. Give the status of CY Flag when following instructions are executed:
MOV A, #05H
GO: CINE A, #05H, GO
END
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[Space for Answers]
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XVII References/Suggestions for further reading

1. https://josephscollege.ac.in/lms/Uploads/pdf/material/Instruction_set_of_Microcontroller_8

051.pdf
2. https://www.refreshnotes.com/2016/04/8051-program-smallest-element-in-array.html
3. https://www.daenotes.com/electronics/digital-electronics/805 1-microcontroller-instruction-

types

4. https://www .keil.com/support/man/docs/a51/a51_cjne.htm

XVIII Assessment Scheme

Performance indicators Weightage
Process related: 15 Marks 60% (15)
1 | Use of IDE tools for programming 20%
2 | Coding and Debugging ability 30%
3 | Follow ethical practices. 10%
Product related: 10 Marks 40% (10)
4 | Correctness of algorithm/ Flow chart 20%
5 | Relevance of output of the problem definition 15%
6 | Timely Submission of report, Answer to sample questions 05%
Total 100 %(25)

Marks Obtained Dated signature
of Teacher
Process | Product Related Total
Related 10) (25)
as)
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Practical No. 10: Finding the Largest number from the given data bytes

I Practical Significance

Microcontrollers use compare operation to test or compare register values. The results of
these operations can update flag bits, which can then be used to change program flow
through conditional execution. This practical will help the students to develop skills to use
the compare and loop instructions to find largest number from a block of data bytes.

I Industry/Employer Expected Outcome(s)
Maintain microcontroller-based systems.

111 Course Level Learning Outcome(s)
Develop program in 8051 in assembly language for the given operation.

IV Laboratory Learning Outcome(s)
Develop an ALP for identifying largest number from the given data bytes stored in internal/
external data memory

A% Relevant Affective Domain related outcome(s)
Follow ethical practices.

V1 Relevant Theoretical Background
In 8051 microcontroller, instructions CINE and DJNZ can be used in combination for finding
smallest number from a block of data bytes.

CJNE : Compare and Jump If Not Equal -

CJNE compares the value of two operands and branches to the indicated relative address if
operands are not equal. If the two operands are equal program flow continues with the instruction
following the CJNE instruction. CY flag is affected. CY flag is reset if the first operand is Larger
than second operand. Carry flag status can be checked using instructions JC and JNC.

JC: Jump if Carry Set
Syntax: JC relative aaddress

This instruction will branch to the address indicated by relative address if the Carry flag is set. If
the Carry flag is not set program execution continues with the instruction following the JC
instruction.

JNC: Jump if Carry is not Set

Syntax: JNC relative address

This instruction will branch to the address indicated by relative address if the Carry flag is not
set.

If the Carry flag is set program execution continues with the instruction following the JC
instruction.
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VII  Required Resources/apparatus/equipment with specifications

Instrument . . .
Sr. No. /Components Specification Quantity
1. Desktop PC Loaded with open-source IDE, simulation and program 1 No.
downloading software.

VIII  Precautions to be followed

1y

Check rules / syntax of assembly language programming.

IX  Procedure

Develop Program

ARl

Start Keil by double clicking on Keil icon.

Create a new project.

Select device for Target.

Double click on ATMEL or INTEL and select 80c51AH or AT89C51.
Type the program in text editor and save as .asm or .a51.

Compile the Program

6. Right click on source group and build the target.

7. Check for any errors in the output window and remove if any.
Run, Debug the Program

8. Click on Debug and start simulation and start/stop debug session.

0.

Run the program step by step.

10. Observe the output on the project window. It will display all internal registers of 8051

and their contents.

11. Note down the readings in observation table

E-Waste Management

el

Identify pin configuration of the ICs and test the ICs on the IC tester.
If the IC is faulty then keep it in the proper e-waste bin.
If the IC is in OK condition, then mount it on breadboard or the trainer kit.

Utilize software-based simulations for training, decreasing the reliance on physical

trainer kits and subsequently reducing e-waste

SAMPLE PROGRAM 1: Write a program to find Largest number from the given array of 05 data
bytes stored in external RAM locations 3000H onwards and store the Largest number in location

3010H.

Step 1: Algorithm

PN R W=

Initialize the comparison count to 04H which is number of data bytes minus one.
Initialize external source memory pointer DPTR to 3000H.

Move the contents of external source location pointed by DPTR to Accumulator
Move data in register A to register B

Increment source memory pointer

Move the contents of source location to register A

Compare the two numbers.

If number in A is larger than number in B, then go to step 10.
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9. Move largest number from register B to register A
10. Decrement comparison count by 1.

11. If count is not zero go to step 4.

12. Store the smallest number from register A location 3010H

Step 2: Flowchart Step 1: Algorithm

I Intmlizz Comparson count R2=04H |

I Incalizz Source memory pointer DPTR=3000H ]

| Move first number to regsster A |

I Increment memory ponter DPTR |

| Move next number 1o regater B |

:

l

Compare two numbers

YES

A>B

NO

Move larger number to regster A

™

s

Decrement comparson count

N

I Store Largest number n 30100

|

Fig 10.1 Flowchart to find Largest number

Step 3: Assembly Language Program

Memory Hex .
Address Code Label Mnemonics Comments
ORG 0000H

C:0x0000 TA04 MOV R2 #04H ;Initialize Comparison count
C:0x0002 903000 MOV DPTR #3000H iir(l)l_tga(l)l}zle Source memory pointer
C:0x0005 EO MOVX A,@DPTR ;Move first number to register B
C:0x0006 F5F0 UP: MOV B,A
C:0x0008 | A3 INC DPTR ;Increment memory pointer
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Memory Hex

Address Code Label Mnemonics Comments
C:0x0009 EO MOVX A,@DPTR ;Move next number to register A
C:0x000A | BSFO00 CINE A,B, DOWN ;Compare two numbers

C:0x000D | 5002 DOWN: | JNC LARGE

;If number in register A is Smaller than
number in register B, jump DOWN

C:0x000F | ES5FO MOV A,B

;Move larger number in register B to A

C:0x0011 | DAF3 LARGE: | DINZ R2,UP

;Decrement comparison count, if count
# 0, jump UP

C:0x0013 903010 MOV DPTR,#3010H
C:0x0016 FO MOVX @DPTR, A :Move smallest number to location
3010H
C:0x00017 | 80FE HERE: SIMP HERE ;Stop
END
Output Window
File j\tuwj‘ Project Fl;sh qDebug ::ltnheral; Tools  SVCS \\:-‘-.17:., Help » e Q' . s e Bl
= Q| } } dldEEasaA-0-2-0-32-8-| 2-
Registers B Bl Disassembly
.HW:' R2, #0x04
5"5"- Z,F:zPTR
| = Registers

Fig 10.2 Output Window
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Problem statement for student: Write a program to find Largest number from the given array of

10 data bytes stored in internal RAM location SOH onwards and store the Largest number in location
60H.

Step 1-Algorithm Step 2-Flowchart

Maharashtra State Board of Technical Education ¢ K-Scheme’ 103



Microcontroller & Applications (314304)

Step 3- Assembly Language Program

Memory
Address

Hex Code

Label

Mnemonics

Comments

X

Resources used

Sr.
No.

Name of Resource

Specifications

Quantity

XI

e T AT R B

Actual Procedure Followed (use blank sheet provided if space not sufficient)
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XIT Observations for problem statement (use blank sheet provided if space not sufficient)

Before execution After execution

Memory location Data Memory location Data
S50H
51H
52H
53H
54H
55H
56H
5STH
58H
59H

60H

XIII  Results (Output of the Program)

XV Conclusions and Recommendation (Actions/decisions to be taken based on the interpretation
of results).

XVI Practical related questions
Note: Below given are few sample questions for reference. Teacher must design
more suchquestions so as to ensure the achievement of identifies CO.

1. State the function of DPTR register.
2. Explain operation of instruction MOVX @DPTR, A

[Space for Answers]
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XVII References/Suggestions for further reading

1. https://electronicsforyou.in/8051-program-to-find-the-largest-number-in-an-array/
2. https://josephscollege.ac.in/lms/Uploads/pdf/material/Instruction_set_of Microcontroller_8
051.pdf

»

https://www.refreshnotes.com/2016/04/8051-program-smallest-element-in-array.html

4. https://www.daenotes.com/electronics/digital-electronics/8051-microcontroller-instruction-
types

XVIII Assessment Scheme

Performance indicators Weightage
Process related: 15 Marks 60% (15)
1 | Use of IDE tools for programming 20%
2 | Coding and Debugging ability 30%
3 | Follow ethical practices. 10%
Product related: 10 Marks 40% (10)
4 | Correctness of algorithm/ Flow chart 20%
5 | Relevance of output of the problem definition 15%
6 | Timely Submission of report, Answer to sample questions 05%
Total 100 %(25)

Marks Obtained Dated signature
of Teacher
Process | Product Related Total
Related 10) (25)
as)
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Practical No. 11: Arranging numbers in Ascending order

I Practical Significance

Sorting is any process of arranging information systematically in ascending or descending order.
This allows us to write better programs like indexing to fetch the information faster, allows faster
search techniques, removes duplicate information and has many uses in statistical applications.
Arranging numbers in ascending order is critical for highlighting significant values, optimizing
processes, and enhancing the effectiveness of data analysis and presentation. This practical will
help the students to develop skills to understand how to access data from external memory, use of
branch instructions and arranging numbers in ascending order.

II Industry/Employer expected outcome(s)

Maintain microcontroller-based systems.

III Course Level Learning Outcome(s)
Develop program in 8051 in assembly language for the given operation.

IV Laboratory Learning Outcome(s)
Develop an ALP for arranging numbers in ascending order stored in internal/external data
memory.

V Relevant Affective domain related QOutcome(s)
Follow ethical practices.

VI Relevant Theoretical Background
Ascending order/Descending order
The block of data consists of numbers in random order, to arrange these numbers in ascending or
descending order bubble sort method is used.
If the given block of data has to be sorted in ascending order, then bubble sort will start by
comparing the first element of the block with the second element, if the first element is greater
than the second element, it will swap both the elements, and then move on to compare the second
and the third element, and so on.
The different types of counters used in this process:

1. Byte counter —to access data from block of data

2. Pass counter —to repeat this comparison are required to arrange the numbers in ascending

or descending order.

Branch instructions like
JNC—Jump if no carry
CINE—Compare and jump if not equal to are used to sort the numbers.
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VII  Resources Required
Sr. . . .
No Instrument /Components Specification Quantity
1 Desktop PC Loaded with open-source IDE, 1 No.

simulation and program downloading

software

VIII Precautions to be Followed

1.

IX Procedure
Write Program

Sk =

=N

8.
9.

Compile the Program

Run, Debug the Program

Check rules / syntax of assembly programming.

Start Keil by double clicking on Keil icon.
Create a new project.
Select device for Target.
Double click on ATMEL and select AT89CS51.

Type the program in text editor and save as filename.asm extension.

10. Observe the output on the project window.

11. Note the values of the result of various operations in the observation table.

E-Waste Management

1.

2
3.
4

kits and subsequently reducing e-waste

Right click on source group and build the target.
Check for any errors in the output window and remove if any.

Click on Debug and start simulation and start/stop debug session.
Run the program step by step.

Identify pin configuration of the ICs and test the ICs on the IC tester.
. If the IC is faulty then keep it in the proper e-waste bin.
If the IC is in OK condition, then mount it on breadboard or the trainer kit.

. Utilize software-based simulations for training, decreasing the reliance on physical trainer

SAMPLE PROGRAM 1: Write and execute a program to arrange the ten data values in

external memory in descending order

Step 1-Algorithm
Step 1: Initialize a counter for comparison (Pass counter).
Step2: Initialize memory pointer to read number from the array.
Step3: Initialize byte counter.
Step 4: Read numbers from array.
Step 5: Compare two numbers.
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Step 6: If number less than or equal to next number, then go to step 8.
Step 7: Replace number with next number which is largest.

Step 8: Increment memory pointer to read next number in the array.
Step 9: Decrement byte counter by 1.

Step 10: If byte counter is not equal to zero then go to step 4.

Step 11: Decrement pass counter by 1.

Step 12: If pass counter is not equal to zero then go to step 2.

Step 13: Stop.

Step 2-Flow Chart:

I—Inlllallsc pass counter with count ]

l,.-, S

Ilnmause memory pointer to read byte Irom the mmy]

Fnlllallse byte counter with counlJ
T

- y

I'Store lower byte of the addressJ

Fead number from the armﬂ

[Store number to B reolsterl

Fncrement memory pointer by 1J

Iiead next number from the arrayl

rSwa.p number with next numboq

e
| Decrement byte counter by 1]

. ((Stor )
Fig 11.1: Flowchart for Descending order
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Step 3- Assembly Language Sample Program

lrg(lﬁzg g) ‘:;(e Label Mnemonics Comments
ORG 0000h
C:0x0000 | 7805 MOV RO, #0AH ;Initialize pass counter
MOV DPTR, ;Initialize memory pointer
C0x0002 1 904000 REP1: | #4000H P
C:0x0005 | 7904 MOV R1, #09H ;Initialize byte counter
C:0x0007 | AAR2 REPEAT | MOV R2, DPL ;Save the lower byte address
C:0x0009 | EO MOVX A, @DPTR ;Read number from array
C:0x000A | F5F0 MOV OFOH, A ;Transfer the number to B register
C:0x000C | A3 INC DPTR ;Increment memory pointer
C:0x000D | EO MOVX A, @DPTR | ;Read next number from array
C:0x000E CINE A, OFOH, ;Compare number with next number
B5F002 NEXT
C:0x0011 | 011C AJMP SKIP
C:0x0013 ;If number>next number then go to
5007 NEXT: JNC SKIP SKIP
C:0x0015 ;Else exchange the number with next
8A82 MOV DPL, R2 number
C:0x0017 | FO MOVX @DPTR, A
C:0x0018 | A3 INC DPTR
C:0x0019 | E5FO0 MOV A, OFOH
C:0x001B | FO MOVX @DPTR, A
C:0x001C ;Decrement byte and if count byte is
D9E7 SKIP: DIJNZ R1, REPEAT | not zero go to Up
C:0x001E ;Decrement pass counter and if not
DSEO DJNZ RO, REP1 zero go to UP1
END

Maharashtra State Board of Technical Education® K-Scheme’

111




Microcontroller & Applications (314340)

O Ay — AR

K Aacvecing crder - ipkond - 8 X
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20A v O, oniA
21 BEFPLT MOV DPTR, S4000M 1 InitiAlise peamoxy posnser

. .
z m Cx0002 304000 MOV SOTR, $024000
P o S1 MOV Ri, 105% : Initialire Dyte Oounles
0 X s
< posd 2509 oV R, 00x09
“ >0 t REPEAT: MOV B2, DPL ; Save t2e lower byte addcess
; :: 10N000T A2 ww R, DPL(0x03) >
o L ATOTD « Daes sha mombasr From arran
= >
] [ l
» e |
w [
L o
e w0000 -—
PCs € OwI000
o B S I R
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n 4 3 00 00 00 00 00 29 00 00 @9 00 00
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Fig 11.2 Input Window
I Ascending order - pVisiont a8 x f

3: REPl: MOV DPTR,
4z

C:0x0002 Q4000 Hov DETH, $0x4000

5: MOV R1, #00H ; Initialize byte counter

RO, #0u
$3000H ; Initialize memory pointes il

2 ]

a o0 E. o

4 00 +0%0005 708 MoV RL, §Ox00

5 w00 7: REFEAT: MOV R2, DPL ; Save the lower byte address

k3 000 25

= 500 C:0x0007 ARE2 MOV R2,DPL(0x52) o

as ANDTE + Dasd rha momkas Eram aweant

Running with Code Size Limie: 2K
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Fig 11.3 Output Window
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Problem statement 1 for student: Write a program to arrange the numbers in ascending order.
Assume internal memory locations.

Step 1-Algorithm

Step 2-Flowchart

Step 3- Assembly Language Program

Memory
Address

Hex
Code

Label

Mnemonics

Comments
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Memory Hex .
Address Code Label Mnemonics Comments

X Resources Used:
S. No. Instrument /Components Specification Quantity

XI Actual Procedure Followed (use blank sheet provided if space not sufficient)
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XI Observations for sample program (use blank sheet provided if space not sufficient)

Before execution

After execution

Memory location Data

Memory location

Data

XV  Results (Output of the Program)

XVII Conclusions and Recommendation (Actions/decisions to be taken based on the

interpretation of results).
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XVIII Practical Related Questions
Note: Below given are few sample questions for reference. Teacher must design more
such questions so as to ensure the achievement of identified CO

1. Explain the difference between CALL and JUMP instructions.
2. Give the difference between Long range jump and Absolute range.

[Space for Answers]
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XIX References / Suggestions for further reading
1.  https://electronicsforyou.in/8051-program-to-arrange-numbers-in-ascending-order/
2. https://technobyte.org/branching-instructions-8051/
3. https://instrumentationforindustry.com/programming-805 I -microcontroller-sorting-arrays-
algorithm/

XX Assessment Scheme
The given performance indicators should serve as a guideline for assessment regarding process
and product related marks:

Performance indicators Weightage
Process related: 15 Marks 60% (15)
1 | Use of IDE tools for programming 20%
2 | Coding and Debugging ability 30%
3 | Follow ethical practices. 10%
Product related: 10 Marks 40% (10)
4 | Correctness of algorithm/ Flow chart 20%
5 | Relevance of output of the problem definition 15%
6 | Timely Submission of report, Answer to sample questions 05%
Total 100 % (25)
Marks Obtained Dated signature
of Teacher
Process | Product Related Total
Related (10) (25)
as
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Practical No. 12: Arranging numbers in Descending order

I Practical Significance

Sorting is any process of arranging information systematically in ascending or descending order.
Helps in decision-making processes where resources are to be allocated based on priority, with the
most critical or valuable cases handled first. Arranging numbers in descending order is critical for
highlighting significant values, optimizing processes, and enhancing the effectiveness of data
analysis and presentation. This practical will help the students to develop skills to understand how
to access data from external memory and use of branch instructions.

II Industry/Employer expected outcome(s)
Maintain microcontroller-based systems.

III Course Level Learning Outcome(s)
Develop program in 8051 in assembly language for the given operation.

IV Laboratory Learning Outcome(s)
Develop an ALP for arranging numbers in descending order stored in internal/external data
memory.

V Relevant Affective domain related Outcome(s)
Follow ethical practices.

VI Relevant Theoretical Background
Ascending order/Descending order
The block of data consists of numbers in random order, to arrange these numbers in ascending or
descending order bubble sort method is used.
If the given block of data has to be sorted in descending order, then bubble sort will start by
comparing the first element of the block with the second element, if the first element is smaller
than the second element, it will swap both the elements, and then move on to compare the second
and the third element, and so on.
The different types of counters used in this process:

1. Byte counter —to access data from block of data

2. Pass counter —to repeat this comparison are required to arrange the numbers in ascending

or descending order.

Branch instructions like
JNC—Jump if no carry
CINE—Compare and jump if not equal to are used to sort the numbers.
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VII  Resources Required
Sr. . . .
No Instrument /Components Specification Quantity
1 Desktop PC Loaded with open-source IDE, 1 No.

simulation and program downloading

software

VIII Precautions to be Followed

1.

IX Procedure
Write Program

Sk =

=N

8.
9.

Compile the Program

Run, Debug the Program

Check rules / syntax of assembly programming.

Start Keil by double clicking on Keil icon.
Create a new project.
Select device for Target.
Double click on ATMEL and select AT89CS51.

Type the program in text editor and save as filename.asm extension.

10. Observe the output on the project window.

11. Note the values of the result of various operations in the observation table.

E-Waste Management

1

2.
3.
4.

kits and subsequently reducing e-waste

Right click on source group and build the target.
Check for any errors in the output window and remove if any.

Click on Debug and start simulation and start/stop debug session.
Run the program step by step.

Identify pin configuration of the ICs and test the ICs on the IC tester.
If the IC is faulty then keep it in the proper e-waste bin.
If the IC is in OK condition, then mount it on breadboard or the trainer kit.

Utilize software-based simulations for training, decreasing the reliance on physical trainer

SAMPLE PROGRAM 1: Write and execute a program to arrange the ten data values in

external memory in descending order

Step 1-Algorithm

Algorithm:
Step 1: Initialize a counter for comparison (Pass counter).
Step2: Initialize memory pointer to read number from the array.
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Step3: Initialize byte counter.

Step 4: Read numbers from array.

Step 5: Compare two numbers.

Step 6: If number greater than or equal to next number, then go to step 8.
Step 7: Replace number with next number which is smaller.

Step 8: Increment memory pointer to read next number in the array.
Step 9: Decrement byte counter by 1.

Step 10: If byte counter is not equal to zero then go to step 4.

Step 11: Decrement pass counter by 1.

Step 12: If pass counter is not equal to zero then go to step 2.

Step 13: Stop.

Step 2-Flow Chart:

] Initialise pass counler with count |

e

e
[Inmallss memary painter to read byte from the armay

I Initialise byte counter with ceunt |

I Store lower byle of the addreﬁj

‘ FAead number from the array I

[Smre number io B regr_—,leri

| Increment mermary pointar by 1 I

l Read next number fram the amay l

s number = next numbar 7.
N

r Swap number with next number 1
1

>
I Dacrement byte counter by 1- 1

Fig 12.1: Flowchart for Descending order
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Step 3- Assembly Language Sample Program

Memory Hex .
Address Code Label Mnemonics Comments
ORG 00H
C:0X0000 780A MOV RO, #0AH Initialize pass counter.
C:0X0002 904000 REP1 MOV DPTR, #4000H Initialize memory pointer
C:0X0005 7909 MOV R1, #09H Initialize byte counter
C:0X0007 AAS82 REPEAT | MOV R2, DPL Save the lower byte address
C:0X0009 EO MOVX A, @DPTR Read the number from array
C:0X000A | F5FO MOV 0OFOH, A Store the number in register B
C:0X000C | A3 INC DPTR Increment memory pointer
C:0X000D | EO MOVX A, @DPTR :rjl;i the next number from
C:0X000E | BSF002 CINE A, OFOH, NEXT | omPare number with next
C:0X0011 AJMP SKIP Jump to SKIP unconditionally
C:0X0013 | 4007 | NEXT: |ICSKIP I number < next number then
go to skip
C:0X0015 | 8A82 MOV DPL, R2 Else exchange the number
with next number
C:0X0017 | FO MOVX@DPTR, A Copy greater number to
memory locations
C:0X0018 A3 INC DPTR Increment memory pointer
C:0X0019 ESF0 MOV A, OFOH
C:0X001B | FO MOVX @DPTR, A
SKIP: DINZ R1, REPEAT Decrement byte counter by 1,
_ if byte counter# 0 then go to
C:0X001C | D9E9 REPEAT.
DJNZ RO, REP1 Decrement pass counter if not
C:0X001E | D8E2 zero then go to REP1
C:0X0020 0120 STOP: AJMP STOP STOP
END
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& L 12 Arranging mumbers in- Descending crler - yYisiond £ g s
File Edit Miew Project Flash  Debug Peripherals Tools SVCS  Window  Help
e L [l g .

1 0x0002 L04000 b (=i DPTR, $0x4000 b

o 00 3 MOV R1,$00H
s el C:0%0005 7809 MOV R1, §0x08
2 00 43 REPEAT: MOV R2,DPL
a 500 Ciox0007 ARz MOV B2, DPL (0%82)
it 00 MOVH A, @DDTR
5 ey E0 MOV I, QDPTE
MOV OFO0H, A
B Sw
a OG0
b 00
® 7 REFL: WOV DPTR, #4000H
0_ma ul7 MOV R1, #0594 =
dotr D000 REFEAT: MOV R2,DPL
PC u MOVX A, EDETR

MOV OFOH, A

T

Running with Code Size Limit: 2K 7
Load "C:\\Users\\Adminiscratez\\Deskeop\\EJ K Scheme Documenca\\MAR lab manua

0x004000: 11 12 13 15 15 16 17 18 1% 20 00 00 Q0 00 OO 00 QO OO 00 0O Q0
0x00401%: GO OO0 OO OC OO OO0 OO OO OO0 OO OO OC 00 00 OO OC OO0 OO OO OO OO
Ox00402A: 00 00 OC 00 OO0 OO0 OO OO0 00 OO 0O 00 QO 00 OO 00 OO0 00 00 00 00
Ox00403F: 00 00 G0 00 OO0 OO0 OO OO OO0 00 OO0 00 00 00 OO 00 OO0 OO0 OO 00 OO0
Ox004054: 00 00 00 00 OO0 OO0 OO OO0 OO0 QO OO 00 00 OO0 OC 00 OO OO 00 00 00
K:0x0040€5: 00 00 Q0 00 Q0 OO0 Q0 Q0 00 00 Q0D 00 00 00 00 00 00 00 Q0 00 00
X:0x00407E: 00 00 OC 00 00 OO O OO OO0 OO OO 0O 00 0O OO OO 0O OO OQ 0O 00
> X:0x004053: 00 GO 00 OO0 00 OO0 OO OO OO0 OO0 0D 00 00 00 0D 00 00 00 00D 00 00 ~

ASM ASSIGN BreakDisable BreakEnable BreakKill BreakList BreakSet Breakhccess I ra

EE

<1 3 >

Simulation 11: 0.00000000 5ec L:E C:95 CAP. NUM. SCRL OVR AW

Fig 12.2 Input Window

E‘LLD‘I2 Arranging mu'nb‘as in Dasc@ndir;g D!.ﬂE‘T - pVisiond = a X.
Eile Eat Miew Project Figsh Debug Periphenals Jooks  SVCS  Window  Help

REPL: MGV DETR, #2000H B

S04000 MOV DPTR, #4000
MOV R, §09E
Jooe MOV R1, #0%0%
REPEAT: MOV R2,DPL
AREZ MoV B2, DPL {0xE2)
MOVX A, @DPTR
EO MOV A, BDPTR
MOV OF0H, A &
==en o e >
a
b [5] pescending ordecasm | - X
02 FEFL: MOV DPTR, $4000H E’
fix] MOV R1,505H =
4 BEEEAT: MOV R2, DEL
05 MOVE A, EDETR
06 MOV 0E0H, A | =

.

*

Yax
Running with Code Size Limiv: 2K - r“_—_
Load "C:\\Users\\Administracor\\Deskeop\\EJ K Scheme Documencs\\MAR 1ab menua | f00ssijX 054000

[%:0004000; 20 19 18 17 16 16 14 13 12 11 60 00 00 00 60 00 00 00 00 00 00
X:0x004015: 00 00 00 00 00 00 00 0O 00 00 00 00 00 00 GO 00 00 00 00 00 00
[X:0%00402A: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0C 00 00 00 00 00 00
[%:0x00409F: 00 00 00 0O 00 0O 00 0O 00 00 00 00 60 00 6O 00 00 00 00 00 00
[X:0x004054: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
[%:0x004068: 00 00 0O 0O 60 0O 00 0O 60 00 00 00 60 00 60 00 00 00 00 00 00

: EE— Lo |X:0x00407E: 00 00 00 00 00 00 00 00 00 00 0O 00 00 00 0O 00 00 00 00 0O 00

> R:0x004083: 00 00 OO0 Q0 00 Q0 00 OO 00 00 OO0 0D 0D 00 OO OO0 00 00 00 00 00 e

=

s

ASM ASSIGN BreakDisable BreakEnable BreakHill BreaklList BreakSet BreakRcceas

Simuiation 11: 000000150 sec L6 C85 CAP NUM SCRL OVR AW

Fig 12.3 Output Window
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Problem statement 1 for student: Write a program to arrange the numbers in descending order.
Assume internal memory locations.

Step 1-Algorithm

Step 2-Flowchart

Step 3- Assembly Language Program

Memory
Address

Hex
Code

Label

Mnemonics

Comments
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Memory Hex .
Address Code Label Mnemonics Comments
X Resources Used:
S. No. Instrument /Components Specification Quantity
1.

XI Actual Procedure Followed (use blank sheet provided if space not sufficient)
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XI Observations for sample program (use blank sheet provided if space not sufficient)

Before execution

After execution

Memory location Data

Memory location

Data

XV  Results (Output of the Program)

XVII Conclusions and Recommendation (Actions/decisions to be taken based on the

interpretation of results).
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XVIII Practical Related Questions
Note: Below given are few sample questions for reference. Teacher must design more
such questions so as to ensure the achievement of identified CO

1. Give the significance of CINE and DJNZ instructions.
2. Explain the different branch ranges used in 8051.
3. Give the difference between Long range jump and Short range jump.

[Space for Answers]
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XIX References / Suggestions for further reading
1.  https://electronicsforyou.in/8051-program-to-arrange-numbers-in-descending-order/
2. https://technobyte.org/branching-instructions-8051/
3. https://instrumentationforindustry.com/programming-805 I -microcontroller-sorting-arrays-
algorithm/

XX Assessment Scheme
The given performance indicators should serve as a guideline for assessment regarding process
and product related marks:

Performance indicators Weightage
Process related: 15 Marks 60% (15)
1 | Use of IDE tools for programming 20%
2 | Coding and Debugging ability 30%
3 | Follow ethical practices. 10%
Product related: 10 Marks 40% (10)
4 | Correctness of algorithm/ Flow chart 20%
5 | Relevance of output of the problem definition 15%
6 | Timely Submission of report, Answer to sample questions 05%
Total 100 % (25)
Marks Obtained Dated signature
of Teacher
Process | Product Related Total
Related (10) (25)
as
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Practical No. 13: Generate delay using timer register

I Practical Significance

Generation of time delay is most important concept in embedded systems. The purpose of the
delay program is to introduce a pause or delay in program execution for a specified amount
of time. Most of the times, precise time delay needs to be generated between two actions in
microcontroller applications, like blinking of LED, Pulse generation, monitoring switch etc.
We can generate the time delay using the Loop technique. Precise time delay can be generated
using inbuilt timers in microcontroller. This practical will help the students to develop skills
to create the time delay by using timer registers and microcontroller crystal frequency.

I Industry/Employer Expected Outcome(s)
Maintain microcontroller based systems.

111 Course Level Learning Outcome(s)
Develop program using timers and interrupts

IV  Laboratory Learning Outcome(s)
Write an ALP to generate delay using timer register

\% Relevant Affective Domain related outcome(s)

Follow ethical practices.

VI Relevant Theoretical Background
The 8051 microcontroller has two 16-bit timers/counters called Timer O and Timerl.
They can be used either as timers to generate a time delay or as counters to count the events.
Since the microcontroller 8051 has an 8-bit architecture, each 16-bit timer is accessed as two

separate registers THx and TLx

D15 | D14) D13 ) D12y D11)D10

09

D8

D7) DG D5 | D4

S— 0

p3 | o2 | o1} oo | Timer 0

D15 | D14] D13§ D12) D11)D10

D9

D7) D&Y D5 | D4

| H1

D8
]
[

p3f o2fo1] oo | Timer 1

Fig 13.1 Timer 0 / Timer 1
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TMOD Register:
TMOD register is used to select various timer operation modes for Timer 0 and Timer 1
GATE C/T M1 MO GATE | CIT M1 MO
— o e o _,x
Timer 1 Timer 0
Fig 13.2 TMOD Register

GATE : When TRX (in TCON) is set and GATE=1 , TIMER/COUNTER will run only while
INTX pin is high( hardware control), when GATE=0 , TIMER/COUNTER will run only while
TRX=1 regardless of state of INTX pin (software control)

C/T: Timer or Counter Selector
1 = counter — external timing signal , input from TO/T1 pin

0 = timer — internal timing signal , input from internal system clock

M1 MO : These two bits selects the Time / Counter operating mode.

MODE DESCRIPTION

0 13-bit timer/counter

1 16 bit timer/counter

2 8 bit auto-reload

3 Split mode:
(Timer 0) TLO is an 8-bit timer/counter controlled by the
standard timer O Control bits.
THO is an8-bit timer and is controlled by timer 1 control bits.
Timerl / counterl is stopped

M1 MO

el el =] =)
— O = O

TCON Register:
TCON is 8 bit SFR used to control the Timer/Counter operations

TF1 TR1 TFO TRO IE1 Im1 IED ITO

Fig 13.3 TCON Register

Bit || Symbol TCON Bit Function

7 || TF11 Timer 1 Overflow flag. Set when timer rolls from all 1's to 0. Cleared
when processor vectors to execute interrupt service routine located at

program address 001Bh.

6 | TRI11 Timer 1 run control bit. Set to 1 by program to enable timer to count;

cleared to 0 by program to halt timer.

5 | TFO1 Timer 0 Overflow flag. Set when timer rolls from all 1's to 0. Cleared
when processor vectors to execute interrupt service routine located at

program address 000Bh.
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Bit | Symbol TCON Bit Function

4 | TRO1 Timer O run control bit. Set to 1 by program to enable timer to count;
cleared to 0 by program to halt timer.

3 |IET1 External interrupt 1 Edge flag. Set to 1 when a high-to-low edge signal is
received on port 3.3 (INT1’). Cleared when processor vectors to interrupt
service routine at program address 0013h. Not related to timer operations.

2 |IT11 External interrupt 1 signal type control bit. Set to 1 by program to enable
external interrupt 1 to be triggered by a falling edge signal. Set to 0 by
program to enable a low-level signal on external interrupt 1 to generate an
interrupt.

1 |IEO1 External interrupt 0 Edge flag. Set to 1 when a high-to-low edge signal is
received on port 3.2 (INTO’). Cleared when processor vectors to interrupt
service routine at program address 0003h. Not related to timer operations.

0 (ITO1 External interrupt O signal type control bit. Set to 1 by program to enable
external interrupt 1 to be triggered by a falling edge signal. Set to 0 by
program to enable a low-level signal on external interrupt O to generate an
interrupt.

TIMER/COUNTER CONTROL LOGIC:

Osc. = X —‘

=
o
3
n
[=]

1

[

Control

L -
o
3

T1 Pin

i
-

Gate D(

NTT Pin

Fig 13.4 Timer/Counter Logic

TIME DELAY GENERATION USING TIMER REGISTERS:

J L\

Bl | D)—{mw —{m
TF goes high overflow

C/T=0 L when FFFE—»0  flag

Fig 13.5 Timer mode 1 diagram

The Timer count increments by 1 at rate Fosc. / 12
So time for one increment is 12 / Fosc.
Therefore, if crystal frequency = 11.0592 MHz
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1
Counter frequency = 12 11.0592 MHZ = 921.6 kHz

Time for one increment = 12/ Fosc. = (12/11.0592MHz) = 1.085 pus
Time delay = Time for one increment X number of increments till overflow (N)
Time delay = (12/Fosc) x number of increments (N)
Number of increments N till overflow = (2" — Initial count)

Timer Mode Value of n
Mode 0 13
Mode 1 16
Mode 2 8
Mode 3 8

10 ms Delay generation:
Required time delay = 10 ms
Oscillator frequency is Fosc. = 11.0592MHz

Time delay = (12 / Fosc) x number of increments (N)
10 ms =(12/11.0592MHz) x number of increments (N)
10 ms =1.085 pusec. x N
N = (10 x 10 ® psec. / (1.085) usec.
N =9217

INITIAL COUNT CALCULATION:
Initial count = 2" - N
Using TIMER MODEI (n= 16)
Initial count = 2 - N
=65536 —-9217 = 56319 decimal = DBFF H
THx = DBH ,
TLx = FFH

VII  Required Resources/apparatus/equipment with specifications

Sr. Instrument Specification pantity
No. /Components
1. | Desktop PC Loaded with open source IDE, simulation and 1 No.
program downloading software.

VIII Precautions to be followed
1) Check rules / syntax of assembly language programming.

IX Procedure

1. Write algorithm for given problem.

2. Draw flowchart for the same.

3. Develop assembly program using Integrated Development Environment (Keil IDE) or any
other relevant software tool.

4. Debug program on IDE.

5. Execute program on IDE.

6. Create hex file for the program.
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7. Download hex code in EPROM/Flash memory of microcontroller.
8. Connect CRO probe to port pin and observe waveform.
9. Measure ON time and OFF time on CRO and draw the same in observation Table.

E-Waste Management

1.

2.
3.
4

Identify pin configuration of the ICs and test the ICs on the IC tester.

If the IC is faulty then keep it in the proper e-waste bin.

If the IC is in OK condition, then mount it on breadboard or the trainer kit.

Utilize software-based simulations for training, decreasing the reliance on physical trainer kits
and subsequently reducing e-waste

SAMPLE PROGRAM : To toggle Port Pin P1.5 with 10ms delay using Timer

Step 1: Algorithm

1.

Sl el

®© N oW

Load the TMOD value register indicating which timer (Timer O or Timer 1) is to be used and
which timer mode(0 or 1) is selected.

Load registers TL and TH with initial count values.

Start the timer.

Keep monitoring the timer flag (TF) with the “JNB TFx, target” instruction to see if it is
raised. Get out of the loop when TF becomes high.

Stop the timer.

Toggle Port pin high and low

Clear the TF flag for the next round.

Go back to Step 2 to load TH and TL again.
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Step 2: Flowchart

-

(

\
;e

—

Load TMOD to select timer and its mode

START

>l
4 i
‘ Count value is loaded into THO-TLO ‘
Start timer
Monitor overflow flag
N
£ 4
NO =l TS
- Is overflow \'\\\
. :
) flag=0? -
“’l’ YES
Stop timer 1
g
Port pin toggle for the high and low portions of the pulse
T
Clear overflow flag
*>— For repeat operation

Fig 13.8 Flowchart for toggling port pin

Step 3: Assembly Language Program

IXI:;E:-Z:Z Hex Code Label Mnemonics Comments
ORG 0000H
C:0x0000 758901 MOV TMOD ,#01H ;Timer 0, mode 1
C:0x0003 | 758AFF REPEAT: | MOV TLO,#0FFH ; TLO=FFH
C:0x0006 | 758CDB MOV THO,#0DBH ;THO=DBH
C:0x0009 D28C SETB TRO ;start Timer O
C:0x000B | 308DFD AGAIN: JNB TF0, AGAIN ;monitor Timer O overflow
flag until it rolls over
C:0x000E C28C CLR TRO ;stop Timer O
C:0x0010 B295 CPL P1.5 ;toggle P1.5

Maharashtra State Board of Technical Board ‘ K-Scheme’

133



Microcontroller & Applications (314304)

Memory
Address

C:0x0012 C28D CLR TFO ;clear Timer O flag
C:0x0014 80ED SIMP REPEAT ;Reload TH, TL again

Hex Code Label Mnemonics Comments

Output Window

File Edit View Projedt Flash Debug Peripherals Tools SVCS Window Help

Nl s ad == pRBAR|EELEL D car|l@-le oo @B N
FlEOlvroru» DR Ea@d-2-3-8-2- 8- 2
|Registers ® B ] TIMERDELAY.aS1
Fegister Value 1 ORG 000GH
= 2 MOV TMOD, #01E
0 00 3 REPEAT MOV TLO, $OFFH
a 00 4 MOV THO, $0DBH
2 w00 5 SETE TRO
a 00 6 AGAIN : JNB TFO, AGAIN
" 00 L CLR TRO
= 00 8 CEL P1.5
5 00 H) CLR TFO
7 500 10 SOMP REPEAT
= Sy 11
E] 00
b 00 = - Parallel Port 1 x
© 00 2: | MOV THOD, 01 e
- 07 :0x0000 758301 MOV THOD (0x85) , $#0x01 | Bs 0|
doir 20000 . 3: REPEAT :MOV TLO, #0FFH P o WFWWW
WiC:020003  758AFF MOV TLO (0xEA) , $0xFF
i S L OV THO, $0DBH it i W!
i) 0.000000_ Nlc:ox0006  758CDB MOV . THO (0x8C) , $0xDB e —
- paw 500 8 5 SETB TRO
Mic:oxo009  D28C SETB TRO (0%88. 4)
&: RGRIN : JNB TFO, AGAIN
iC:0x000B 308DFD  JNB TFO (0x88.5) , AGAIN (C:000B)
7 CLR TRO
lic: 0x000E c28c CLR TRO (0%88.4)
8: CBL Bl.5
Wic:ox0010 B285 CPL 0x%0.5
ER CLR TEFD
Wi :0x0012 c28p CLR TFO (0x88.5)
10: SJMP REFEAT
ic: ox0014 HO0ED STMP REPERT (C:0003)
Elrroject  EERegisters

' Call Stack - Locals
I

Fig: 13.9 Output Window

MinTme  MaxTme Gnd Zoom | Min/Max _|Update Screen| Transtion | Jumpto | Signalinfo [~ Ampltude [~ Timestarps Ernable
0s J127224ss | Sms |[h[m||N]||Mo]-[[Sm IIOex]‘[F’m][Nex!]\- rsrmcmwmu

P1

2 Pt 1 L e
—l 127.1055s 127.1655 s 1127.1857s, d: 0.33]
‘4

@stassembly - Logic Analyzer

Fig 13.10: Waveform Output
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Problem statement for student: Write a program to toggle Port 2 Pins with 25ms delay using

Timer 1 Mode 1. Assume XTAL = 11.0592MHz

Step 1-Algorithm

Step 2-Flowchart
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135




Microcontroller & Applications (314304)

Step 3- Assembly Language Program

Memory
Address

Hex Code

Label

Mnemonics

Comments

X

Resources used

Sr.

No.

Name of Resource

Specifications

Quantity

e T AT R B

Actual Procedure Followed (use blank sheet provided if space not sufficient)
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XIT Observations for problem statement (use blank sheet provided if space not sufficient)
Draw Square wave and show TON and TOFF time

XIIT Results (Output of the Program)

XV Conclusions and Recommendation (Actions/decisions to be taken based on the interpretation
of results).

XVI Practical related questions
Note: Below given are few sample questions for reference. Teacher must design
more suchquestions so as to ensure the achievement of identifies CO.
1.To get a 5 ms delay, what number should be loaded into TH, TL using mode 1. Assume
XTAL=11.0592MHz.
2. Explain Timer Mode 2 Operation.

[Space for Answers]

Maharashtra State Board of Technical Board ‘ K-Scheme’ 137



Microcontroller & Applications (314304)

Maharashtra State Board of Technical Board ‘ K-Scheme’ 138



Microcontroller & Applications (314304)

XVII References/Suggestions for further reading

1. http://nptel.ac.in/courses/Webcourse-contents/IIT-

KANPUR/microcontrollers/micro/ui/Course_home2_8.htm

2. http://www.circuitstoday.com/805 1-timers-counters.
3. The 8051 Microcontroller and Embedded system Using Assembly and C- Muhammad Ali
Mazidi, Janice Gillispie Mazidi, Rolin D. Mckinlay- Pearson /Prentice Hall, , 2" edition,
Delhi,2008, ISBN 978-8177589030.

XVIII Assessment Scheme

Performance indicators Weightage
Process related: 15 Marks 60% (15)
1 | Use of IDE tools for programming 20%
2 | Coding and Debugging ability 30%
3 | Follow ethical practices. 10%
Product related: 10 Marks 40% (10)
4 | Correctness of algorithm/ Flow chart 20%
5 | Relevance of output of the problem definition 15%
6 | Timely Submission of report, Answer to sample questions 05%
Total 100 %(25)

Marks Obtained Dated signature
of Teacher
Process | Product Related Total
Related 10) (25)
(s)
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Practical No. 14: Serial 8-bit data transfer on serial port

I

I1I

Practical Significance

Many applications require microcontrollers to either accept the data in serial form or output
the data in serial form. Serial communication is commonly used in applications such as
industrial automation systems, scientific analysis and certain consumer products. This
practical will help the students to develop skills to understand the concepts of serial port
and serial 8 bit data transfer.

Industry/Employer Expected Outcome(s)
Maintain microcontroller-based systems.

Course Level Learning Outcome(s)
Develop program using timers and interrupts

IV Laboratory Learning Outcome(s)

\%

VI

Develop an ALP to transfer 8-bit data serially on serial port.

Relevant Affective Domain related outcome(s)
Follow ethical practices.

Relevant Theoretical Background

Serial communication is the process of sending data one bit at a time, sequentially, over
a communication channel. There are two methods of serial communication:

1) Synchronous: Transfer of block of data at a time

2) Asynchronous: Transfer of one byte (character) at a time

One of the major differences is that in Synchronous Transmission, the sender and receiver
should have synchronized clocks before data transmission. Whereas Asynchronous
Transmission does not require a clock, but it adds a parity bit to the data before
transmission.

1. Synchronous data transfer.

[ Ciock |
Sync [syne| | L 1
Transmitter — Receiver
Data
Start Time —————

Fig. 14.1 Synchronous data transfer
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2. Asynchronous data transfer.

Transmitter

Marking
t
&1Po[D1|D2| D3| D4| D5 | Dg | D7 Sbtl?g Receiver
ASCII |
characters OLK
Time

Fig. 14.2 Asynchronous data transfer

Baud Rate

In serial communication the rate at which data bits are transmitted generates a term baud rate, the
baud rate is defined as bits/seconds or the changes in voltage levels/second.
Standard baud rates are 1200, 2400, 4800, 9600, 14400, 19200 bits per second(bps)

Serial Port of 8051:

8051 has a built-in full duplex 8-bit UART(Universal Asynchronous Transmitter Receiver)

SCON REGISTER:

Serial control (SCON) is an 8-bit register used to control the 8051 Microcontroller's Serial Port.

B, B B,

B, B, B, B, B,

|$M'I] ] SM1 Ismzl RENJTBSI nssl I I RI [ .

——

- Mode-
- Mode-1
- Mode-2
- Mode-3

——
—_— o — O

- Receive Interrupt Flag

L—————> Transmit Interrupt Flag
‘———————> Received 9" bit(i.e., bit B, of received data}

—> Transmitted 9* bit(i.e.,bit B, of transmitted data)

—» Receive Enable

—> Serial mode bit-2

SBUF Register

Fig. 14.3 SCON register format

SBUF is a 8 bit register used in serial communication of 8051. Serial data is sent by writing to the
register SBUF while data is received by reading the same register. SBUF has physically two
registers, one write only and other is read only. Both registers use one address 99H

Baud Rate Generation:
11.0592 MHz

XTAL

oscillator

SMOD =1 H 57600 Hz
To timer

Machine cycle freq

1 To set

=12
921.6 kHz

28800 Hz  the Baud
rate
SMOD =0 H

Fig. 14.4 Baud Rate generation
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Timer 1, in mode 2 (8-bit, auto-reload) to generate baud rate

Baud Rate = 2MP X (Timer 1 Overflow Rate)

32

Baud Rate = 25M°P X Qscillator Frequency

32

12 X [256 -

(THL) ]

Table No: 14.1 Values of Timer 1 Register for various Baud Rates

Baud Rate TH1(Decimal) TH1(Hex)
SMOD=0 SMOD=1
9600 19200 -3 FDH
4800 9600 -6 FAH
2400 4800 -12 F4H
1200 2400 -24 ESH
Note: XTAL = 11.0592 MHZ.
3 CONNECTOR
Fig. 14.5 8051 Connection to the RS232 using MAX 232
VII  Required Resources/apparatus/equipment with specifications
Sr. Instrument . . .
No. /Components Specification pantity
Single board systems with 8K RAM, ROM memory
with battery back up,16X4,16 X2, LCD display, PC
1 Microcontroller kit keyboard interfacing facility, Hex keypad facility, [l No.
single wuser cross c-compiler, RS-232, USB,
interfacing facility with built in power supply.
2. Desktop PC Loaded with open source IDE, simulation and 1 No.
program downloading software.
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VIII Precautions to be followed
1) Check rules / syntax of assembly language programming.

IX Procedure
Write Program

Start Keil by double clicking on Keil icon.
Create a new project.
Select device for Target.
Double click on ATMEL or INTEL and select 80c51AH Or AT89C51.
Type the program in text editor and save as .asm or .a51.
Compile the Program
Right click on source group and build the target.
Check for any errors in the output window and remove if any.
Run, Debug the Program
8. Click on Debug and start simulation and start/stop debug session.

9. Run the program step by step.

M.

e

10. Observe the output on the project window. It will display all internal registers of 8051 and
their contents. The output can be observed in UART1 window.

11. Hyper Terminal, a Windows XP application, can be used to receive or transmit serial data
through RS232. To open Hyper Terminal, go to Start Menu, select all programs, go to
Accessories, click on Communications and select Hyper Terminal.

12. To start a new connection, go to File menu and click on new connection. The connection
window opens up. Give a name to your connection and select 1% icon and click on OK.
Connection property window opens here. Select Bit rate as 9600bps, Data bits 8, Parity as
none, stop bit 1, Flow control none and click OK. Now the serial data can be read on hyper
terminal.

13. In program, Timerl is used with auto reload setting. The baud rate is fixed to 9600bps by
loading TH1 to OxFD. The value 0x50 is loaded in the SCON register. This will initialize the
serial port in Model. The program continuously transmits a character (say ‘A’) from 805 1serial
port to Serial port of the computer.

E-Waste Management

Identify pin configuration of the ICs and test the ICs on the IC tester.
If the IC is faulty then keep it in the proper e-waste bin.
If the IC is in OK condition, then mount it on breadboard or the trainer kit.

Sl e

Utilize software-based simulations for training, decreasing the reliance on physical trainer kits
and subsequently reducing e-waste

SAMPLE PROGRAM: Write an ALP to transfer 8-bit data serially on serial port.
Step 1: Algorithm

Initialize TMOD register for Timer1, Mode?2 and its mode.

Load the value in the timer register corresponding to the 9600 baud rate.
Load SCON with S0H value indicating mode 1, 1 stop and start bit.

Set the timer run bit to start Timer 1

el N
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5. Load the character ‘A’ in SBUF.

6. Check TI to determine whether the transmission process is completed.
7. Clear TI flag for the next character.
8

Stop

Step 2: Flowchart

Step 3: Assembly Language Program

ot

Initialize TMOD register with
respective timer and its mode

L 4

Load TH1 with FDH for9600 Baud
rate

Y

Load SCON with S50H

v

Set Timerrunbitto 1

[ ]

Load SBUF with ‘A’

N T
=]

" Y
r

Reset Tl
L 4

.

/’_'_'.._ _‘1‘__“""\_\

Fig 14.6 Flowchart for 8-bit data serial data transfer

Memory | Hex Code | Label Mnemonics Comments

Address

C:0x0000 758920 MOV TMOD, #20H | ;Timer 1,mode 2

C:0x0003 758DFD MOV THI1, # -3 ;9600 baud rate

C:0x0006 759850 MOV SCON, #50H | ;8 bit,1 stop Bit, REN enabled
C:0x0009 D28E SETB TR1 ;Start Timer 1

C:0x000B 759941 HERE: | MOV SBUF, # A’ ;Character ‘A’ to be transferred
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Memory
Address

Hex Code | Label Mnemonics

Comments

C:0x000E

3099FD WAIT: | INB TI, WAIT

;Wait for the last bit

C:0x0011

C299 CLR TI

;:Clear TI for next character

C:0x0013

80F6 SIMP HERE

;Wait

END

Output Window

File Edit View Project Figsh Debug Peripherals Tools SVCS Window Help

B IR - R T PP = = fn B @@ e oo @
g Be aee ol e B EEEEEEEL E =R R =
Register [ Value || Mc:oxoo007sesza  mov THOD (0x89) , $0x20
T Rogs 2: MOV TH1,#-3
i o0 c:ox0003 TEEDFD MOV TH1 (0x8D) , $0xFD
s s 3: MOV SCON, $502
5 by c:oxoo0s 758350 MOV SCON (0x98) , $0x50
g 00 4: SETB TR1
e rd 00 C:0x0009 D28E SETB TR1(0xB8.6)
5 500 7 5: HERE:MOV SEUF,#'A’
= e cioxo00B 758341 MOV SBUF (0x99) , #0x41
g 00 &: WAIT : JNB TI,WAIT
B 5 C:ox000E  3089FD  JNB TI(0x98.1),WALT (C: 000E)
- i 7: CIR TI
ly 000 C:0x0011 c288 CLR TI(OxS8.1)
& 07 8: SJMP HERE
i 007 ciox0013 s saup HERE (C:000B)
- dptr 0000 —
~PC § C:OxD00E
states 1069151277 ‘ il ]
sec 53459663850 7 MOV THOD,$20H
E-psw 0x00 2 MOV THL,$-3
3 Mov sCON,#508
4 SETB TR1
5 HERE:MOV SBUF,$#'A'
5 WAIT : JNE TI,WAIT
7 CLR TI
8 SJME HERE
3 END -
UART #1 x| | Serial Channel ¥ | | Timer/Counter 1 x|
| ~Timer/Courter 1
Mode: [8¢ var Bacdrate 7] || || [ Mede
2:8 Bt autoreload 5
SCON: [050 SBUF: [Gea
I I sm2 ¥ REN Tarer =
I 188 I” Reg TeoN: [BC8 . Tmoo: [B20
Baudrate 1Ra—
remon ||mm TH: [0 TLI: [&FD
= ¥ T1Pin W TR
5 _ _ _ B Baudrate: [20833 R -
q_hca\lita.‘.lLuca\s FAwatcn 1 |DMEmur”.|Symhuls |ECumma.‘.|UART m’— )
Status: [Run
 TR1 [T GATE ¥ INT1#
[iE] Project |EReg\stus [+] |

Fig 14.7 Output Window

Simulation

Problem statement for student: Write a program to transfer message “MAA” at baud rate 4800 bps
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Step 1-Algorithm

Step 2-Flowchart

Step 3- Assembly Language Program
Memory Hex Code Label Mnemonics Comments
Address
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Memory
Address

Hex Code

Label

Mnemonics

Comments

X

Resources used

Sr.

No.

Name of Resource

Specifications

Quantity

XI

® N Nk LD =

Actual Procedure Followed (use blank sheet provided if space not sufficient)

XII Observations for problem statement (use blank sheet provided if space not sufficient)

(UART window)
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XIII Results (Output of the Program)

XYV Conclusions and Recommendation (Actions/decisions to be taken based on the interpretation
of results).

XVI Practical related questions
Note: Below given are few sample questions for reference. Teacher must design
more suchquestions so as to ensure the achievement of identifies CO.
1. State serial communication modes of 8051 along with their baud rate.
2. State SFRs used for Serial communication in 8051.
3. State significance of TT and RI flag in Serial communication

[Space for Answers]
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XVII References/Suggestions for further reading

1. https://embetronicx.com/tutorials/tech_devices/serial-communication-basics-tutorial-for-
beginners/

2. https://ebooks.inflibnet.ac.in/csp13/chapter/serial-port-communication/

3. https://www.codrey.com/embedded-systems/serial-communication-basics/
4. https://www.electronicwings.com/8051/8051-uart

XVIII Assessment Scheme

Performance indicators Weightage
Process related: 15 Marks 60% (15)
1 | Use of IDE tools for programming 20%
2 | Coding and Debugging ability 30%
3 | Follow ethical practices. 10%
Product related: 10 Marks 40% (10)
4 | Correctness of algorithm/ Flow chart 20%
5 | Relevance of output of the problem definition 15%
6 | Timely Submission of report, Answer to sample questions 05%
Total 100 %(25)

Marks Obtained Dated signature
of Teacher
Process | Product Related Total
Related 10) (25)
as)
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Practical No. 15: LED interfacing to 8051

I Practical Significance

LED is most common semiconductor device used in many electronic system as visual indicator
or signal transmission / power indication purposes. The LEDs are also used for design message
display boards and traffic control signal lights etc. Interrupts are most important feature of
Microcontroller. This practical will help the students to develop skills to understand the
fundamental interfacing concept for 8051 microcontrollers and significance of Interrupts.

II Industry/Employer expected Outcome(s)

Maintain microcontroller- based systems

III Course Level Learning Outcome(s)

Interface memory and I/O peripherals to 8051 microcontroller.

IV Laboratory Learning Outcome

Interface LED with microcontroller and turn it “ON” with microcontroller interrupt.

V Relevant Affective domain related Outcome(s)

Follow ethical practices.

VI Relevant Theoretical Background
The 8051 microcontroller features four bidirectional I/O ports, each consisting of 8 bits,
which can be used either as input or output. Here’s a brief overview of each port:

1.

Port 0 (P0): This port can serve as both an input or an output port. When used as an output
port, it provides open-drain outputs and requires pull-up resistors to operate as high (logic
1). Port O is also multiplexed with the lower order address and data bus during accesses to
external memory.

Port 1 (P1): Unlike Port O, Port 1 does not need pull-up resistors because it has internal
pull-ups. When the pins are used as inputs, they are held high by these internal pull-ups and
can easily be interfaced with switches.

Port 2 (P2): Similar to Port 1, this port also features internal pull-ups and serves dual
purposes: it acts as a simple I/O port or, during external memory operations, it outputs the
high-order address byte.

Port 3 (P3): Port 3 has multiple functions besides serving as a general I/O port. Each pin on
Port 3 can also be used for special functions like interrupts, serial communication, timer
inputs, and read/write operations for external memory.

Interrupt is a subroutine call that interrupts microcontrollers main operations or work and
causes it to execute any other program, which is more important at the time of operation. The
feature of Interrupt is very useful as it helps in case of emergency operations. An Interrupts
gives us a mechanism to put on hold the ongoing operations, execute a subroutine and then
again resume its original task.

1.

Generally five interrupt sources are there in 8051 Microcontroller. Out of these, INTO and
INT1 are external interrupts that could be negative edge triggered or low level triggered.
They are located on pins P3.2 and P3.30f port 3 respectively. They are enabled or disabled
using the IE register when the external interrupt flag is edge triggered, the CPU clears
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interrupt flag in response to the interrupt call. When it is level triggered then the interrupt
flag is cleared at high level of the interrupt signal.
2. The table shows the vector addresses for the interrupts:

Interrupt Flag Vector
System reset RST 0000H
External interrupt O 1EO 0003H
Timer 0 TFO 000BH
External interrupt 1 IE1 0013H
Timer 1 TF1 001BH
Serial port RIor TT |0023H

Light emitting diodes: LEDs are the most commonly used components in many
applications. It has two terminals positive and negative as shown in the figure:

Fig 15.1 LED diagram

Commonly used LEDs will have voltage drop of 1.9v to 2.1v and current of 15mA (Typically)
or 20mA (high brightness) to glow at full intensity. This is applied through the output pin of the
microcontroller.

VII Actual Circuit diagram used in laboratory with related equipment rating
a) Sample Circuit diagram

c2
AT89c51
U1
22pF b XTALY Po.ADD [—22
= Xt PO.1/AD] [—22
—_— . PO.2/AD2 2L
L c1 XTAL2 POADS [—32
Po.4ADS [
ot sawos -8
PO.GIADS
2F 110502 MHz RST PO.7IADT [—2
3 P2oas 2L
P2.1AD |22
100 R P22A10 |22
1 2 | 5sEn P23All 22
10k 2 ue P24A12 2
(7] P2siA13 22
P2eiA14 [—2L
L P27iA15 [—28
< ri0 P3ORXD [—2 Switch
2 pit PamxD 1 i
2pi2 P3.2NTO e
5V T PIIINTI 2 |
21 pia P3.4TO [—2
£lns P3STI |13 =
R2 A PIEWR [—%
10k . P3TRD [~

LED

Fig 15.2 8051 connection to LED and switch
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b) Practical setup

Fig 15.3 Practical Setup

¢) Simulation diagram

U1
18 Lyrats PooaDo (222
PO.ADA e
i PO2IAD2 |22
S xmaLz PO.3ADS | S5
PO4/ADS =
PO.SIADS | =2
- POSIADS |
= geT PO.7IADT
L4
PROIAS |2
P21IA0 |22
s P22/a10 |22
| FEEN P2AAN |55=
S ALE F2aat2 | ==
EA P2SIA1E o=
P2OiA14 |22
P27T/ALS
P10 FI.0RXD [
P11 P31/TXD iz = _I:_q
Fi2 P20 |5~ o0
F13 PRBANTT |50
Fla P3ATO0 [
P15 Pasml e —
P18 PAAWR (= E
PIT PATRD

ATESCST

Fig 15. 4 Simulation diagram
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d) Actual circuit used in Laboratory

e) Actual Experimental set up used in laboratory
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VIII

Resources Required

Sr. Instrument
No. | /Components

1. | Microcontroller | Single board system with 8K RAM, ROM memory with 1 No.

kit battery backup,16X4,16X2L.CD display, PC keyboard
interfacing facility, Hex keypad facility, single user cross
c-compiler, RS-232, USB, interfacing facility with built in
power supply.

2. | Desktop PC Loaded with open-source IDE, simulation and program 1 No.

downloading software.

IX

W=

A

E-Wa
1.
2.
3.
4.

Precautions to be followed
Use always current limiting resistor before LED connected to microcontroller

Procedure

Write algorithm for given problem.

Draw flowchart for the same.

Develop assembly program using Integrated Development Environment (Keil IDE) or
any other relevant software tool.

Debug program on IDE.

Execute program on IDE.

Create hex file for the program.

Download hex code in EPROM/Flash memory of microcontroller.
Interface LED to microcontroller as per circuit diagram shown in fig.
Observe the LED to glow when external interrupt occurs on P3.2.

ste Management
Identify pin configuration of the ICs and test the ICs on the IC tester.
If the IC is faulty then keep it in the proper e-waste bin.
If the IC is in OK condition, then mount it on breadboard or the trainer kit.
Utilize software-based simulations for training, decreasing the reliance on physical
trainer kits and subsequently reducing e-waste

SAMPLE PROGRAM 1: Interface LED with microcontroller and turn it ON with
microcontroller interrupt.

bk w =

Step 1: Algorithm

Main Program

Initialize port P1 as output.
Initialize port P3 as input.
Clear pin P1.1

Enable interrupt INTO.
Wait for Interrupt.

INTO ISR

Set pin P1.1
Return from ISR
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Step 2: Flowchart

Set Port P1 as outport port

.
Set Port P3 as input port

:

Clear P1.1, LED will be off
'

Enable Interrupt Int0
.
Wait in a loop

'

Set P1.1, LED will turn ON

'

RETI

Fig 15 .6 Flowchart to turn LED ON with microcontroller interrupt.

Step 3: Assembly Language Program

Z/Iggzz Hex Code Label Mnemonics Comments
ORG 0000H
C:0x0000 020006 LIMP START
ORG 0003H Interrupt service routine for INTo
C:0x0003 D291 SETB P1.1
C:0x0005 32 RETI
C:0x0006 759000 START: | MOV P1, #00H Main program for initialization
C:0x0009 75BOFF MOV P3, #OFFH
C:0x000C 75A881 MOV IE, #81H Enable hardware interrupt INTO
C:0x000F 80FE HERE: | SJMP HERE
END
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Problem statement for student Interface two LEDs with microcontroller and turn them ON
with microcontroller interrupts.

Step 1: Algorithm

Step 2: Flowchart

Step 3- Assembly Language Program

Memory
Address

Hex
Code

Label

Mnemonics

Comments
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XI Resources Used

S. No. | Instrument /Components Specification Quantity

1.

XII Actual Procedure Followed (use blank sheet provided if space not sufficient)

XIII Observations (use blank sheet provided if space not sufficient)

LED will become (ON/OFF) after occurrence of (INTO/INT1)
Interrupt

XIV Result (Output of the Program)

XVI Conclusions and Recommendation (Actions/decisions to be taken based on the
interpretation of results)
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XVII Practical Related Questions
Note: Below given are few sample questions for reference. Teacher must design
more such questions so as to ensure the achievement of identified CO

1. Give the alternative functions of port 3.

2. Enlist the functions of Buffer, Tristate buffer.

3. Write a program to make all pins of Port 1 as input port and transfer its contents
to Port 2.

[Space for Answers]
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XVIII References / Suggestions for further reading
1. https://vision-pi.net/common-cathode-vs-common-anode-led/

2. https://www .fypsolutions.com/assembly-language/8051-8052/led-blink-8051-
assembly/

3. https://www.elprocus.com/led-interfacing-with-8051-microcontroller/

XIX Assessment Scheme

The given performance indicators should serve as a guideline for assessment regarding process
and product related marks:

Performance indicators Weightage
Process related (15 Marks) 60% (15)
7 | Coding and Debugging ability 30%
8 | Making connections of hardware 20%
9 | Follow ethical practices. 10%
Product related (10 Marks) 40% (10)
10 | Correctness of algorithm/ Flow chart 20%
11 | Relevance of output of the problem definition. 15%
12 | Timely Submission of report, Answer to sample questions. 05%
TOTAL | 100% (25)

Marks Obtained Dated signature of
Teacher
Process Product Total
Related (15) Related (25)
(10)
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Practical No. 16: Generating Pulse and Square wave using timer delay

I Practical Significance

The input/output (I/O) ports allow the microcontroller to connect to external devices and
peripherals. In 8051 timers are used to generate delays or as counters to count events
happening outside the microcontroller. In time required applications two available 16-bit
timers are operated in different modes to generate specific delay. This practical will help
the students to develop skills to program timers and generate delays for generating square
wave on I/O port pin.

I Industry/Employer Expected Outcome(s)
Maintain microcontroller based systems.

111 Course Level Learning Outcome(s)
Interface the memory and I/O peripherals to 8051 microcontroller

IV Laboratory Learning Outcome(s)
Develop an ALP to generate pulse and square wave by using timer delay.

A% Relevant Affective Domain related outcome(s)
Follow ethical practices.

VI Relevant Theoretical Background
Square wave of any frequency (limited by the controller specifications) can be generated
using the 8051 timer. Square wave generation requires a port pin to output logic high (‘1’)
and logic low (‘0’) level alternately with delay in between. The delay time is equal to half

of time period of square wave.

Polse

L widen !

L’
i 1
~___1ms " 1 ms !
Amplitnde
1ms 1 ms
Low Low H Low ! Low

Time Period

Time Period = {1+1)ms = 2ms

Duty Cycle = _Pualse width %X 100

Time Pertod

= 1 X 100

2
= 50%%

Fig 16.1 Square Wave calculation

Frequency = 1/ Time Period = 1/2ms = 0.5KHZ = 500HZ

Port pin can be toggled by using instruction CPL bit-address and /or by setting and resetting the
port pin by using instruction SETB bit-address and CLR bit address respectively.
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Square wave can be generated on port pin of microcontroller 8051 with precise TON and TOFF
time by using Timers to generate delay. The frequency of the square wave generated depends
on the count value loaded in timer registers and frequency of oscillator. 8051 has two timers,
Timer 0 and Timer 1. Both are 16 bit up-counter. Timers operate in four modes. Timer count Increments
at the rate of (Fosc./12) ,which is 1 machine cycle. After roll-over timer overflow flag is set

To generate a Pulse / square wave of a particular pulse width , the delay time equal to pulse
width has to be generated using Timer.

Generation of Pulse width delay using Timer Mode 1:

Required time delay = ( 12/Fosc ) x number of increments (N)
1 ms =(12/11.0592MHZ ) x number of increments (N)
1 ms=1.085usec. x N
N = 1ms /1.085usec.
N =921.65 =922
Using Timer MODE 1,
COUNT =2'°-N
COUNT = 65536 — 922
COUNT = (64614),0 = FC66H
Therefore THx = FCH
TLx = 66H

Generation of 2 KHZ Square wave of 50 % duty cycle

0.5ms 0.5ms

Tox TOFF

Pericd, (T)

Fig 16.2 : 50% Duty cycle Square wave

Frequency = 2 KHZ
Time period T= 1/2 KHZ = 0.5 ms
Required time delay = TON =TOFF =T /2=0.5ms /2 = 0.25ms
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VII Practical Circuit diagram:

a) Sample Circuit diagram
+5V

| 3 40
EA Voo
+ ca
53 'lx T 1ouFrov
9 psr
R3
82K
1 .
ATESSE1  P1O Oscilloscope
Output
= Square wave
c1
3 | xraLt
33pF X1
1
C2 [ 11.0882MHz
XTALZ
33pF GHD

20

Fig 16.3 : 8051 connection to CRO

b) Simulation diagram
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1 Digatal Oscilloscope
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Fig 16.4 Simulation diagram
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¢) Actual circuit used in laboratory

VIII Required Resources/ap

aratus/equipment with specifications

Sr. Instrument . . .
No. /Components Specification Quantity
1. |Microcontroller kit Single board system with 8K RAM,ROM memory with 1 No.
battery backup,16X4,16X2LCD display, PC keyboard
interfacing facility, Hex keypad facility, single user cross
C-compiler,RS-232,USB, interfacing facility with built
in power supply.
2. | Desktop PC Loaded with open source IDE, simulation and program 1 No.
downloading software.
3.1 CRO Bandwidth AC 10Hz ~ 20MHz (-3dB). DC ~ 20MHz (- 1 No.
3dB), X10 Probe
IX Precautions to be followed
1) Check rules / syntax of assembly language programming.
X Procedure
1. Write algorithm for given problem.
2. Draw flowchart for the same.

3. Develop assembly program using Integrated Development Environment (Keil IDE) or
any other relevant software tool.
4. Debug program on IDE.

hd

Execute program on IDE.
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6. Create hex file for the program.

7. Download hex code in EPROM/Flash memory of microcontroller.

8. Connect CRO probe to port pin and observe waveform.

9. Measure ON time and OFF time on CRO and draw the same in observation Table.

E-Waste Management

Identify pin configuration of the ICs and test the ICs on the IC tester.

If the IC is faulty then keep it in the proper e-waste bin.

If the IC is in OK condition, then mount it on breadboard or the trainer kit.

Utilize software-based simulations for training, decreasing the reliance on physical trainer
kits and subsequently reducing e-waste

Sl e

SAMPLE PROGRAM: To generate Pulse with pulse width of 1ms on P1.0 using Timer 0 Model.
Assume XTAL = 11.0592MHz

Step 1: Algorithm

Load the TMOD register with value 01H, indicating Timer 0, Model
Clear Port pin P1.0

Call 1ms delay subroutine

Load registers TLO and THO with initial count values for 1ms delay
Start the Timer 0.

Keep monitoring the timer flag (TF0) with the “JNB TFO0, target” instruction to see if it is
raised. Get out of the loop when TFO becomes high.

Stop Timer(O

Clear the TFO flag for the next round.

. Set Port pin P1.0

0. Go back to Step 3.

S e

=100

Step 2: Flowchart

I Load TRMOD 1o select timer and its meode |

T
1
| Count value is loaded into THO — TLO |

1

| Start timer I
| Monitor overflow fag ]
T

l Swop tmer I

s

| Port pin togele for the high and low portions of the pulse |

I Clear overflow Aag I

L_ 3
g I For repeat operation |

Fig 16.3 Flowchart for Pulse generation
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Step 3: Assembly Language Program

lj\fggizg Hex Code | Label Mnemonics Comments
ORG 0000H
C:0X0000 758901 MOV TMOD ,#01H ;Timer 0, mode 1
C:0X0003 C290 UP: | CLRP1.0 ; Clear port pin P1.0
C:0X0005 110D ACALL DELAY ; call 1ms delay subroutine
C:0X0007 D290 SETB P1.0 ; Set port pin P1.0
C:0X0009 110D ACALL DELAY ; call 1ms delay subroutine
C:0X000B 80F6 SJMP UP ; Repeat
C:0X000D | 758A66 DELAY: | MOV TLO,#66H ;TLO=66H
C:0X0010 | 758CFC MOV THO,#0FCH ;THO=FCH
C:0X0013 D28C SETB TRO ;start Timer O
C:0X0015 | 308DFD WAIT: | JNB TFO, WAIT ;monitor Timer O overflow
flag until it rolls over
C.0X0018 C28C CLR TRO ;stop Timer 0
C:.0X001A C28D CLR TFO ;clear Timer O overflow flag
C:0X001C 22 RET ;:Return to main program
END

Problem statement for student: Write a program to generate square wave of frequency 2KHZ on
port pin P2.5 Using Timer 1, Mode 1. Assume XTAL = 11.0592MHz

Step 1-Algorithm

Step 2-Flowchart
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Step 3- Assembly Langua

ge Program

Memory
Address

Hex Code

Label

Mnemonics

Comments

X1

Resources used

Sr.
No.

Name of Resource

Specifications

Quantity
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XII  Actual Procedure Followed (use blank sheet provided if space not sufficient)

®© 4 Nk LD =

XIII Observations for problem statement (use blank sheet provided if space not sufficient)
Draw Square wave and show TON and TOFF time

XIV  Results (Output of the Program)

XVI Conclusions and Recommendation (Actions/decisions to be taken based on the
interpretation of results).
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XVII Practical related questions
Note: Below given are few sample questions for reference. Teacher must design
more suchquestions so as to ensure the achievement of identifies CO.
1.Write ALP to generate square wave of pulse width 10 ms using Timer 1 Mode?2.
2. Find value of TH and TL to generate square wave of frequency 1KHZ with 75% duty cycle

Use Mode 1
[Space for Answers]
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XVII References/Suggestions for further reading

1. https://www.nbcafe.in/ports-in-805 1-microcontroller/#google_vignette
2. https://econtent.msbte.edu.in/econtent/econtent_home.php
3. https://www.circuitstoday.com/delay-using-8051-timer

XVIII Assessment Scheme

Performance indicators Weightage
Process related: 15 Marks 60% (15)
1 | Use of IDE tools for programming 20%
2 | Coding and Debugging ability 30%
3 | Follow ethical practices. 10%
Product related: 10 Marks 40% (10)
4 | Correctness of algorithm/ Flow chart 20%
5 | Relevance of output of the problem definition 15%
6 | Timely Submission of report, Answer to sample questions 05%
Total 100 %(25)

Marks Obtained Dated signature of
Teacher
Process Related Product Total
(15) Related (10) (25)
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Practical No. 17: LED matrix interfacing to 8051

I Practical Significance

An LED matrix keyboard is a specialized input device that incorporates an LED matrix to enhance
visual feedback and aesthetic appeal. LED matrix displays are used as stadium displays, decorative
displays and as visual signals to human eye, to convey a message or meaning. LED matrix displays
are interfaced with microcontroller I/O port to display characters and different patterns. This practical
will help the students to develop skills to interface LED matrix display to microcontroller and display
various pattern.

II Industry/Employer expected outcome(s)

Maintain microcontroller-based systems.

III Course Level Learning Outcome(s)
Interface memory and I/O peripherals to 8051 microcontroller.

IV Laboratory Learning Outcome(s)
Interface 4x4 matrix with 8051 to display various patterns.

V Relevant Affective domain related Outcome(s)

Follow ethical practices.

VI Relevant Theoretical Background

In LED dot matrix display the LEDs are connected at the column and row intersections of the
matrix. LEDs in the same row are connected together and LEDs in the column are connected
together. Transistors are act as switches and used to control LEDs in the matrix

LED (Light Emitting Diode)

W e beoral
";‘:- Rl i Ty
- o ..-I-""". =l e gt el g
.r = x L i -
Anode MFI Cathode ot ; Laactrems
— Fiad s
Il
Arode ] Catheda

Fig 17.1 LED Symbol and Construction
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Specifications: LED

1. Current: 20 mA

2. Voltage drop: 1.9t0 2.1V
3. Power dissipation: 40 mW
4. Color: RED

Operation: Voltage +5V to anode with respect to cathode ground LED will turn ON.

Accessing individual LEDs :User can turn ON an individual LED by setting its row and column pins
to the proper logic 1.

For example, referring to figure 17.2 LED matrix the switch in column 2 is closed which ties the
anodes of all of the LEDs in that column to positive voltage and on the left the switch in row 1 is
closed causing a ground level to be applied to the cathode of all of the LEDs in that row. The LED at

the intersection of column 2 and row 1 is forward biased and turns on.
+V

: Q
Y 3
A %* A

A XA

—o”0-

Vol
|
| %

e/l

GND

Fig 17.2 Addressing individual LED: 2" column and 1% row
VII Actual Circuit Diagram used in laboratory

a) Sample Circuit Diagram

sV sV SV
i—" ‘u |4o
st ‘ +| Ca EA Vee
Reset T 10uF 10V
2| st
o P20
R3 Ic P21
= ATSSY 53
AT 1 Prs
P25
c1 ' P26
. XTALY 7
NpF X1
)
Cc2 | 11.0592unz
i 3 i 18] xraL2

GNO
20
-~

Fig 17.3 Sample Circuit Diagram
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b) Actual Circuit Diagram used:

VIII Resources Required

gl(;'. /gz)srg:)l:lll‘:l:s Specification Quantity
1 | Microcontroller | Single board system with 8K RAM,ROM memory with | 1 No.
kit battery backup,16X4,16X2LCD display, PC keyboard

interfacing facility, Hex keypad facility, single user
cross c-compiler,RS-232,USB, interfacing facility with
built in power supply.

2 | Desktop PC Loaded with open source IDE, simulation and program | 1 No.
downloading software.

3 |4X4 LED | Suitable to interface with 8051 trainer kit 1 No

matrix

IX Precautions to be Followed
1. Check rules / syntax of assembly programming.

X Procedure

Write Program

Start Keil by double clicking on Keil icon.

Create a new project.

Select device for Target.

Double click on ATMEL and select AT89CS51.

Type the program in text editor and save as filename.asm extension.

Al S

Compile the Program
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6. Right click on source group and build the target.
7. Check for any errors in the output window and remove if any.
Run, Debug the Program
8. Click on Debug and start simulation and start/stop debug session.
9. Run the program step by step.
10. Observe the output on the project window.
11. Note the values of the result of various operations in the observation table.

E-Waste Management
1. Identify pin configuration of the ICs and test the ICs on the IC tester.
2. If the IC is faulty then keep it in the proper e-waste bin.
3. If the IC is in OK condition, then mount it on breadboard or the trainer kit.
4. Utilize software-based simulations for training, decreasing the reliance on physical trainer kits
and subsequently reducing e-waste

SAMPLE PROGRAM 1: Write program to display various patterns on 4x4 LED matrix.
Step 1: Algorithm
1. Make port P2 used to interface 4x4 LED matrix as an output port.
Send F1H value to the port to turn ON first column all LED.
Add delay.
Send 1FH value to the port to display first row all LED.
Add delay.
Send 11H value to the port to display first column first row LED.
Add delay.
Send 88H value to the port to display fourth column fourth row LED.
. Add delay.
10. For repeat operation go to step 2.

D N Al
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Step 2: Flowchart

Step 3: Assembly Language Program

Make port as an output port

¥

Send F1H valve to the port (First pattern) ‘

!

Addd delay

!

Send 1FH value to the port (Second pattern) ‘

i

Add delay

!

Send 11H value to the port ( Third pattern) ‘

.

Add delay

I

Send 58H value to the port (Fourth pattern) ‘

b

Add delay

'

For repeal operation

Fig . 11.2 Flowchart for 4x4 LED matrix

Memory Hex Code Label Mnemonics Comments
Address

ORG 0000H
C:0x0000 | 75A000 MOV P2, #00H Make port as output
C:0x0003 | 75A0F1 MOV P2, #0F1H Send value to LED matrix
C:0x0006 1119 RPT: | ACALL DELAY Add delay
C:0x0008 | 75A01F MOV P2, #1FH Send value to LED matrix
C:0x000B 1119 ACALL DELAY Add delay
C:0x000D | 75A011 MOV P2, #11H Send value to LED matrix
C:0x0010 1119 ACALL DELAY Add delay
C:0x0012 75A088 MOV P2, #88H Send value to LED matrix
C:0x0015 1119 ACALL DELAY Add delay
C:0x0017 80EA SJMP RPT
C:0x0019 7AO0A MOV R2, #10 Delay subroutine
C:0x001B 7B64 DELAY: | MOV R3, #100
C:0x001D 7CC8 HERE2: | MOV R4, #200
C:0x001F DCFE HEREI: | DJNZ R4, HERE
C:0x0021 BDFA HERE: | DINZ R3, HEREI1
C:0x0023 DAF6 DJNZ R2, HERE2
C:0x0025 22 RET

END
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Problem statement for student: Develop assembly program to turn ON and OFF all LEDs connected

to port 2 with 30 msec delay.

Step 1-Algorithm

Step 2-Flowchart

Step 3- Assembly Language Program

Memory
Address

Hex
Code

Label

Mnemonics

Comments
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XTI Resources Used:

S. No. Instrument /Components Specification Quantity
1.

XII  Actual Procedure Followed (use blank sheet provided if space not sufficient)

XIII Observations for sample program (use blank sheet provided if space not sufficient)

HEX Value LED status (ON/OFF)
Column Row
F5H
2FH
17H
90H

XTIV Results (Output of the Program)
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XVlInterpretation of Results (Give meaning of the above obtained results)

XVI Conclusions and Recommendation (Actions/decisions to be taken based on the
interpretation of results).

XVII Practical Related Questions
Note: Below given are few sample questions for reference. Teacher must design more such
questions so as to ensure the achievement of identified CO

1. Give the difference between Common Anode and Common Cathode Display.
2. Specify the power requirement for 4x4 LED Matrix.
3. List the applications of 4 x 4 matrix keyboard.

[Space for Answers]
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XVIII References / Suggestions for further reading
1. https://www.refreshnotes.com/2016/04/8051-program-exchange-block-of-data.html

2. h

ttps://www.tutorialspoint.com/program-branch-group-in-8051

3. https://www.codesexplorer.com/2016/12/8051-alp-to-move-data-from-internal-to-
external.html

XIX Assessment Scheme
The given performance indicators should serve as a guideline for assessment regarding process and

product related marks:
Performance indicators Weightage
Process related: 15 Marks 60% (15)
1 | Use of IDE tools for programming 20%
2 | Coding and Debugging ability 30%

3 | Follow ethical practices. 10%
Product related: 10 Marks 40% (10)
4 | Correctness of algorithm/ Flow chart 20%

5 | Relevance of output of the problem definition 15%

6 | Timely Submission of report, Answer to sample questions 05%

Total 100 % (25)

5)

Marks Obtained Dated signature
of Teacher
Process | Product Related Total
Related (10) (25)
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Practical No. 18: Seven Segment Display interface for displaying decimal
numbers

I Practical Significance

Seven segment display is a output display device used to display information in the form of
decimal numbers from 0 to 9 and in some cases, basic characters also. It is widely used in
digital clocks, basic calculators, electronic meters, and other electronic devices that display

numerical information. This practical will help the students to develop skills to interface
7-segment display to microcontroller and display decimal numbers.

I Industry/Employer Expected Outcome(s)
Maintain microcontroller based systems.

111 Course Level Learning Outcome(s)
Interface the memory and I/O peripherals to 8051 microcontroller

IV  Laboratory Learning Outcome(s)
Interface 7-segment display to display the decimal number from O to 9.

A% Relevant Affective Domain related outcome(s)
1. Follow safe practices.

2. Maintain tools and equipment.
3. Follow ethical practices.

V1 Relevant Theoretical Background

Seven segment displays are of two types, i) Common Cathode Display ii)) Common Anode Display

+\L//CE:1:1—" *
a .iH—
b el
c o“:\{-q !
d e~}a—1
e ok‘—RH—
f o‘*k\{-d 1
g '“‘—“\H—

Fig 18.1 Seven segment display types

Common Cathode: In common cathode type, the cathodes of all LEDs are tied together to a
single terminal which is usually labeled as ‘com’ and the anode of all LEDs are left alone as
individual pins labeled as a, b, c, d, e, f, g and h (or dot). To glow Common Cathode Segment
LED, common terminal is grounded and Logic 1 is applied on segment pin.

Common Anode: In common anode type, the anode of all LEDs are tied together as a single
terminal and cathodes are left alone as individual pins. Common Anode is tied to logic 1 and to
glow segment Led logic 0 is applied on segment Pin
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=

e dcomc dot

Fig 18.2 Seven segment display and pin configuration

a a a a 2 a a 2
= =— == = =
£ £ g £ £ £ E
Eom— e
4 d 4 d d d

Fig 18.3 Seven segment display number pattern

Driving Pattern for Digit: Digit drive pattern of a seven segment LED display is simply the different
logic combinations of its terminals ‘a’ to ‘h’ in order to display different digits and characters. The
common digit drive patterns (0 to 9) of a seven-segment display are shown in the table below.

Common Cathode Pattern:
Table 18.1: Common Cathode Pattern Table

Digit Dp g f e d c b a HEX
CODE

Port P2.7 P2.6 P2.5 P24 P2.3 P2.2 P2.1 P2.0
0 0 0 1 1 1 1 1 1 3FH
1 0 0 0 0 0 1 1 0 06H
2 0 1 0 1 1 0 1 1 5BH
3 0 1 0 0 1 1 1 1 4FH
4 0 1 1 0 0 1 1 0 66H
5 0 1 1 0 1 1 0 1 6DH
6 0 1 1 1 1 1 0 1 7DH
7 0 0 0 0 0 1 1 1 07H
8 0 1 1 1 1 1 1 1 7FH
9 0 1 1 0 1 1 1 1 6FH
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Common Anode Pattern:

Table 18.2: Common Anode Pattern Table

Digit Dp g f e d c b a HEX
CODE
Port P2.7 P2.6 P2.5 P24 P2.3 P2.2 P2.1 P2.0
0 1 1 0 0 0 0 0 0 COH
1 1 1 1 1 1 0 0 1 FOH
2 1 0 1 0 0 1 0 0 A4H
3 1 0 1 1 0 0 0 0 BOH
4 1 0 0 1 1 0 0 1 99H
5 1 0 0 1 0 0 1 0 92H
6 1 0 0 0 0 0 1 0 82H
7 1 1 1 1 1 0 0 0 F8H
8 1 0 0 0 0 0 0 0 80H
9 1 0 0 1 0 0 0 0 90H
Note: in above patterns decimal point is considered OFF
VII Practical Circuit diagram:
a) Sample Circuit diagram
-5V
31 490
EA Vee
r -5V
I + e
s3 "T T 10uFriov 556 1 R3
9 2 R4 I com
!y P21 —'vwv—| »
3 RS FR— Y
> Rr2 Ic P2.2 _MM’_I__ e
a2 ATS9s51 P23 I ANAA————] o
AT89c51 5, P R
. 8 RS — ¥
P25 ] .
7 Ro n
i 19 ) x. e g 19 _J_ Common Anode 7
1€ ALY § AAAA
::Ipf _L x1 2.7 Segment Display
C2=‘H 0592MHz R3:t0 110 = 360chm
i€ A i 18] xrarz
33pF GND
] 20
3

Fig 18.4 8051 connection to Common Anode seven segment display
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b) Practical Setup

Fig 18.5 Practical setup

¢) Simulation diagram

diagram

imulation

18.6 S

Fig

183
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d) Actual circuit used in Laboratory

e) Actual Experimental set up used in laboratory
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VIII Required Resources/apparatus/equipment with specifications

Sr. Instrument

NO. /Components SpeleicathH Quantlty

1. |Microcontroller kit Single board system with 8K RAM, ROM memory with 1 No.
battery backup,16X4,16X2LCD display, PC keyboard
interfacing facility, Hex keypad facility, single user cross
C-compiler, RS-232, USB, interfacing facility with built
in power supply.

2. | Desktop PC Loaded with open-source IDE, simulation and program 1 No.
downloading software.

3. Seven Segment LED | 0. 56 in 1-digit Red, common anode/common cathode 1 No.
Display display.

IX Precautions to be followed
1) Always use current limiting resistor before interfacing 7-segment display to
microcontroller.
2) For safe operation use seven segment displays at 25° temperature.
3) Check rules / syntax of assembly language programming.

X Procedure

Write algorithm for given problem.

. Draw flowchart.

Develop assembly program using Integrated Development Environment (Keil IDE) or
any other relevant software tool.

Debug program on IDE.

Execute program on IDE.

Create hex file.

Download hex code in EPROM/Flash memory of microcontroller.

Interface Common Anode type 7 segment display to microcontroller as per circuit
diagram shown in fig 18.4.

9. Observe and draw the display of numbers on 7-seven segment display.

10. Record the hex value in observation table.

p—

W N

PN A

E-Waste Management

Identify pin configuration of the ICs and test the ICs on the IC tester.
If the IC is faulty then keep it in the proper e-waste bin.
If the IC is in OK condition, then mount it on breadboard or the trainer kit.

Ll

Utilize software-based simulations for training, decreasing the reliance on physical
trainer kits and subsequently reducing e-waste
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SAMPLE PROGRAM 1: Write a program to display decimal no 0 to 9.

Step 1: Algorithm

PN AP =

9.
10.

Step

Make the Port P2 as output port.

Set counter register R2 =10 for 0 to 9 digits.

Load DPTR with memory address where table is stored.

Clear Accumulator.

Read stored hex code of decimal digit from memory into Accumulator.
Send code to output port where 7-segment display is connected.
Increment memory pointer i.e., DPTR.

Decrement the counter register R2 and compare with 0 is counter =0? NO- go to step 4

to send next digit code.
For repeat operation go to step 2.
Stop

2: Flowchart

Make Port as an output port /
r |

v

’ Set counter R2 =10 for 0 to 9 digits ]

!

Initialize Data pointer to TABLE
DPTR=0200H

Yy %

‘ Clear Accumulator A=00H ‘

l

‘ Read code from memory into Accumulator |

I

‘ Send code to 7-segment display ‘

N

‘ Wait for some time by adding Delay ‘

!

‘ Increment memory pointer ‘

1——' For Repeat Operation

Fig 18.7 Flowchart to display decimal no 0 to 9
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Step 3: Assembly Language Program

Memory Hex .
Address Code Label Mnemonics Comments
ORG 0000H
C:0x0000 | 75A000 MOV P2.#00H ;Make Port2 as output port
C:0x0003 7AOA | REPEAT: | MOV R2.#10 i)Sye;te ;‘eglster as counter of 10
C:0x0005 900300 MOV DPTR #TABLE %;zdpzcilrclitr:rss of memory into
C:0x0008 E4 UP: | CLR A ;Clear accumulator
C:0x0009 93 MOVC A,@A+DPTR gRead hex code from memory
into accumulator
C:0x000A | FsAQ MOV P2,A :Send hex code to port2
C:0x000C 1113 ACALL DELAY
C:0x000E ;Increment memory pointer to
A3 INC DPTR read next digit hex code
C:0x000F ; Decrement counter & jump if
DAF7 DINZ R2,UP not equal to zero to label UP.
C:0x0011 80F0 SIMP REPEAT ;Repeat loop
C:0x0013 | 7B19 | DELAY: |MOV R3,#25 :Delay Subroutine
C:0x0015 | 7c64 L3: | MOV R4#100
C:0x0017 | 7pe4 L2: | MOV R5.#100
C:0x0019 | ppFE L1: | DINZ R5,LI1
C:0x001B | pcFraA DINZ R4,L2
C:0x001D | pBFe6 DINZ R3,L3
C:0x001F 22 RET
ORG 0300H
TABLE: ODE 4(1){C(())I]§,0(§99P9LH ;Decimal 0 to 9 hex code stored at
92H. $2H, OFSH. SOH. 8(2)?)3 I{Inzlr?‘i);}; dstartmg at location
90H
END
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Problem statement for student: Develop assembly program to display decimal numbers 9 to 0 on
Common Anode/ Common Cathode 7-segment display

Step 1-Algorithm

Step 2-Flowchart
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Step 3- Assembly Language Program

Memory

Hex Code Label Mnemonics Comments
Address
X1 Resources used
Sr. Name of Resource Specifications Quantity

No.

XII  Actual Procedure Followed (use blank sheet provided if space not sufficient)

A T R
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XIII Observations for Problem statement (use blank sheet provided if space not sufficient)

Sr. NO. Memory Location Hex Value
1 C:0x0300
2 C:0x0301
3 C:0x0302
4 C:0x0303
5 C:0x0304
6 C:0x0305
7 C:0x0306
8 C:0x0307
9 C:0x0308
10 C:0x0309

XIV  Results (Output of the Program)

XVI Conclusions and Recommendation (Actions/decisions to be taken based on the

interpretation of results).

XVII Practical related questions

Note: Below given are few sample questions for reference. Teacher must design
more suchquestions so as to ensure the achievement of identifies CO.
1. Write the 7-segment hex code to display letter ‘E’ and ‘F’ on Common Anode display.

2. State number of pins a seven segment display IC have.
3. Write assembly language program to display numbers 4 and 5 alternately on common

cathode seven segment display

[Space for Answers]
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XVIII References/Suggestions for further reading

1. https://www.geeksforgeeks.org/seven-segment-displays/

W

https://www.electronics-tutorials.ws/blog/7-segment-display-tutorial.html
https://www.circuitstoday.com/interfacing-seven-segment-display-to-8051

XIX Assessment Scheme

Performance indicators Weightage
Process related: 15 Marks 60% (15)
1 | Use of IDE tools for programming 20%
2 | Coding and Debugging ability 30%
3 | Follow ethical practices. 10%
Product related: 10 Marks 40% (10)
4 | Correctness of algorithm/ Flow chart 20%
5 | Relevance of output of the problem definition 15%
6 | Timely Submission of report, Answer to sample questions 05%
Total 100 %(25)

1s)

Marks Obtained Dated signature
of Teacher
Process | Product Related Total
Related (10) (25)
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Practical No. 19: Relay interfacing to Microcontroller

I Practical Significance

Electromagnetic or solid-state relays are used in electronic applications to switch or control high
voltages or high currents. In Industrial applications low power devices microcontrollers drive
relays are used to control electrical loads beyond their direct drive capability. Electromechanical
protective relays are used to detect overload and other faults on electrical lines by opening and
closing circuit breakers. This practical will help the students to develop skills to interface relay
to microcontroller and turn it ON and OFF.

II Industry/Employer expected outcome(s)
Maintain microcontroller-based systems.

III Course Level Learning Outcome(s)

Interface memory and I/O peripherals to 8051 microcontroller.

IVLaboratory Learning Outcome(s)

Interface relay with microcontroller and turn it ON and OFF.

V Relevant Affective domain related Outcome(s)
Follow ethical practices.

VI Relevant Theoretical Background

Turning a relay on and off is a fundamental function for controlling power to a device or circuit
using a separate, usually lower voltage circuit. A relay is an electromechanical switch that uses
an electromagnet to mechanically operate a switch.

Turning a Relay On:

1. To turn on the relay, a current must be applied to the coil. This can be done using a control
signal from a microcontroller, a switch, or any digital output capable of driving the relay.

2. This input activates the coil, causing the contacts to close and allowing power to pass through
to the connected device.

Turning a Relay Off:

1. To turn off the relay, the current flowing through the coil is interrupted. This can be achieved
by cutting off the control signal or through a switch.

2. When the coil is de-energized, a spring or other mechanism forces the contacts back into the
open position, cutting off power to the device.
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Coil Common

Coil

Fig 19.1 Relay Terminals
VII Actual Circuit Diagram used in laboratory

a) Sample Circuit Diagram

12v
& s

U1
12 b xraL1 PO.O/ADO |22
PO.1/ADT =2
18 POIACG _33;
— XTAL2 PO.3/ADS p——
P0.4/AD4 -g-%
PO.S/ADS |—2
& P0.6/AD6 %
<2 JRst PO.7/AD7 }—22
P20/A8 (2%
P2.1/A9 :3 [
P22/IA10 =2
2 | psen P23/AT (22 o, | RL1
"é‘:‘— A_l___E P2.4/A12 _Eé- OJ-SH-105HM
AdEA P2SIAT3 [—22
P26/A14 |—2L
P27/A15 |22 f
—1,— P1.0 P3.0/RXD —1%
21p11 P3.1/TXD |—L
P2 P3 2iNTG |12
P13 P3 ¥INTT [—2
— ] P14 P3.4T0 5
= P15 PIET1 (2
5 1 P1.6 P3.8MWR 7
Llp17 P37/RD p—=
ATBOCE1

Fig 19.2 Sample Circuit Diagram
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b) Practical Setup:

Fig 19.3 Practical Set up Diagram

¢) Actual Circuit Diagram used:
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VIII Resources Required

Sr. | Instrument Specification Quantity
No | /Components
1.| Microcontroller kit Single board systems with 8K RAM, ROM 1 No.

memory with battery backup,16X4,16X2LCD
display, PC keyboard interfacing facility, Hex
keypad facility, single user cross c-compiler, RS-
232, USB, interfacing facility with built in power
supply.

2.| Desktop PC Loaded with open-source IDE, simulation &
program downloading software

3| Relay trainer board Suitable to interface with 8051 trainer kit 1 No.

IX Precautions to be Followed
1. Check rules / syntax of assembly programming.
2. Use always driver circuit before interfacing relay to the microcontroller.
3. Use fly back diode to avoid voltage spikes

X Procedure

Write Program

Start Keil by double clicking on Keil icon.

Create a new project.

Select device for Target.

Double click on ATMEL and select AT89C51.

Type the program in text editor and save as filename.asm extension.
Compile the Program

Right click on source group and build the target.

Check for any errors in the output window and remove if any.

Run, Debug the Program

8. Click on Debug and start simulation and start/stop debug session.

9. Run the program step by step.

10. Observe the output on the project window.

11. Note the values of the result of various operations in the observation table.

Nk W=

e

E-Waste Management
1. Identify pin configuration of the ICs and test the ICs on the IC tester.
2. If the IC is faulty then keep it in the proper e-waste bin.
3. If the IC is in OK condition, then mount it on breadboard or the trainer kit.
4. Utilize software-based simulations for training, decreasing the reliance on physical trainer kits
and subsequently reducing e-waste

SAMPLE PROGRAM 1: Write program to display various patterns on 4x4 LED matrix.
Step 1: Algorithm

1. Make the Port pin P1.0 used to Interface relay as an output pin.

2. Turn on relay by setting port bit.

3. Add delay
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4. Turn off relay by clearing bit

5. Add delay

6. For repeat operation go to step 2

7. Stop

Step 2: Flowchart

Make relay Port Pin as an output pin /

>

v

Set port bit to turn on Relay ‘

1

Add delay

|

Clear port bit to turn off relay ‘

]

Add delay

!

For repeat operation l

v

Fig . 19.4 Flowchart for 4x4 LED matrix

Step 3: Assembly Language Program

Memory Hex Code Label Mnemonics Comments
Address
ORG 0000H

C:0x0000 D290 MAIN | SETB P2.0 Set P2.0 high to turn ON the relay
C:0x0002 110A ACALL DELAY Call Delay

C-0x0004 290 CLR P2.0 illzilr P2.0 low to turn OFF the
C:0x0006 110A ACALL DELAY Call Delay

C:0x0008 80F6 SIMP MAIN Infinite loop to toggle relay
C:0x000A 78FF MOV RO, #255

C:0x000C 79FF LOOP 1 | MOV R1, #255

C:0x000E DOFE LOOP 2 | DINZ R1, LOOP 2 | Decrement and jump if not zero
C:0x0010 DSFA DJNZ RO, LOOP 1
C:0x0012 22 RET

END
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Problem statement for student: Develop assembly program to turn ON and OFF all Relay connected
to port 2 with 30 msec delay.

Step 1-Algorithm Step 2-Flowchart

Step 3- Assembly Language Program
Memory Hex
Address Code

Label Mnemonics Comments
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XTI Resources Used:

S. No. Instrument /Components Specification Quantity

XII  Actual Procedure Followed (use blank sheet provided if space not sufficient)

XIII Observations for sample program (use blank sheet provided if space not sufficient)

Sr. NO. Step Port Pin Status Logic 1 (+5V) / Logic 0 Relay Status
ov) ON/OFF
1 Step 1 P2.0
2 Step 2 P2.0

XIV Results (Output of the Program)
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XVInterpretation of Results (Give meaning of the above obtained results)

XVI Conclusions and Recommendation (Actions/decisions to be taken based on the
interpretation of results).

XVII Practical Related Questions
Note: Below given are few sample questions for reference. Teacher must design more such
questions so as to ensure the achievement of identified CO

1. Give the effect of driver circuit not connected while interfacing relay with microcontroller.
2. Draw the Interfacing diagram of microcontroller with relay using ULN 2803A IC.
3. Write Steps for testing a relay.

[Space for Answers]
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XVIII References / Suggestions for further reading

1.
2.
3.

XIX

Assessment Scheme

https://www.etechnog.com/2021/07/relay-wiring-diagram-and-function.html
https://bravelearn.com/turn-relay-on-or-off-using-805 I-microcontroller-at89c51/
https://electrosome.com/interfacing-relay-8051-keil-c/

The given performance indicators should serve as a guideline for assessment regarding process and
product related marks:

Performance indicators Weightage

Process related: 15 Marks 60% (15)
1 | Use of IDE tools for programming 20%
2 | Coding and Debugging ability 30%

3 | Follow ethical practices. 10%
Product related: 10 Marks 40% (10)
4 | Correctness of algorithm/ Flow chart 20%

5 | Relevance of output of the problem definition 15%

6 | Timely Submission of report, Answer to sample questions 05%

Total 100 % (25)

Marks Obtained Dated signature
of Teacher
Process | Product Related Total
Related 10) (25)
as)
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Practical No. 20: LCD interfacing to 8051 to display characters and decimal
numbers

I Practical Significance

Display units are the most important output devices in embedded projects and electronics
products. 16x2 LCD is one of the most used display unit. LCDs find application in consumer
appliances such as CD players, DVD players, digital watches, computers, etc. These are
commonly used in the screen industries. This practical will help the students to develop skills
to interface LCD with microcontroller to display the given integer and character.

I Industry/Employer Expected Outcome(s)
Maintain microcontroller based systems.

111 Course Level Learning Outcome(s)
Interface the memory and I/O peripherals to 8051 microcontroller

IV  Laboratory Learning Outcome(s)
Interface LCD with 8051 microcontroller to display the characters and decimal numbers.

A% Relevant Affective Domain related outcome(s)
1. Follow safe practices.

2. Maintain tools and equipment.
3. Follow ethical practices.

VI Relevant Theoretical Background
A 16x2 LCD display is a very basic module and is very commonly used in various devices and
circuits. A 16x2 LCD means it can display 16 characters per line and there are 2 such lines.

Dataping 7

Do

B
D1

Iz

10 2 Line X 16 Charecter
D3

11

B D4 LCD Display
D5

13 06

1417 E R RS GND Vg Vec

5541|32|

Fig 20.1 16 X 2 LCD display
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HD44780 16 X2 LCD Features

The operating voltage is 4.7V-5.3V

It includes two rows where each row can produce 16-characters.
The utilization of current is ImA with no backlight

Every character can be built with a 5x8 pixel box

The alphanumeric LCDs display alphabets & numbers

It can work on two modes like 4-bit & 8-bit

Available in Blue & Green Backlight

LCD Pin functions:
Table 20.1 LCD pin Functions
PINNO | NAME FUNCTION

1 GND Ground pin.

2 VCC Power supply pin of 5V.

3 VEE Used for adjusting the contrast, commonly attached to the potentiometer.

4 RS RS is the register select pin
If RS = 0, the instruction command code register is selected.

If RS = 1, the data register is selected

5 R/W R/W - read/write:

R/W input allows the user to write information to the LCD or read information
from it.

R/W =1 when reading;

R/W =0 when writing.

6 E Enable pin is used by the LCD to latch the information present on the data pins. A
high-to-low pulse is needed to latch the data. This pulse must be a minimum of 450
ns wide.

7 DO

8 Dl

9 D2

10 D3
DO0-D7 Data pins for giving data (normal data like numbers characters or command

11 D4 o .
data) which is meant to be displayed.

12 D5

13 D6

14 D7

15 LED+ Back light Anode which should be connected to Vcc(5V)

16 LED- Back light Cathode which should be connected to ground.
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LCD Commands:
Table 20.2 LCD Commands

Sr.No. Command Code Instruction
(Hex)
1 0x30 Function Set: 8-bit, 1 Line, 5x7 Dots
2 0x38 Function Set: 8-bit, 2 Line, 5x7 Dots
3 0x20 Function Set: 4-bit, 1 Line, 5x7 Dots
4 0x28 Function Set: 4-bit, 2 Line, 5x7 Dots
5 0x06 Entry Mode
6 0x08 Display off Cursor off
7 0x0E Display on Cursor on
8 0x0C Display on Cursor off
9 0xOF Display on Cursor blinking
10 0x18 Shift entire display left
11 0x1C Shift entire display right
12 0x10 Move cursor left by one character
13 0x14 Move cursor right by one character
14 0x01 Clear Display (also clear DDRAM content)
15 0x80 + address* Set DDRAM address or cursor position on display
16 0x40 + address™* Set CGRAM address or set pointer to CGRAM
location

Note: For more details of the commands refer Data sheet of LCD.
VII Practical Circuit diagram:

a) Sample Circuit diagram

v +5Vv -5V -5V
16 x 2 LCO MODULE JHO 1624
Vss Veo VEE RS RW E D80 DB1 082 DB3 DB4 DBS D86 pp7 LED+ LED.
1 16
M 40 1
A vee 50 ohm
-1 R2
o ea 10K XA
+ s [~ 10urriov
P S
2! per P34 (14
pas |13
> RS
82K AT89c51
/AT89s51 P1o |V
M 2
P2 L2
. P34
1

i 2] xTaL P14 LS
2pF __L X1 Ps | 8
— | me L7
€27 11.0592mnz Y

§¢ XTAL2 "r

3308 2

I g
Fig 20.2 8051 connection to 16 X 2 LCD display
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b) Practical Setup

® ro.0
@ro -
'OPUZ'.J,
@®ro3 -

>
@ros A
® P05 [ L
@ ros

@®ro7

nu or O

¥
- o

!
. 0

Fig 20.3 Practical setup
c) Simulation diagram

LCD1

LMOTEL

LCDAVOD) -6V o

-
RW1
[ ]

AT89CH1 10K
25~ Pooano XTAL14—2 =
=1 PO 1ADY
2121 Po2ian2 i ]
671 poamns XTAL2 [—& =
251 Poaane 5
S5 Posimns
35°1 Posimns .

PO.7/ADT RsT (22
21n

P2.0A8
% P2 1/A9
2324 B2 2ia10 g
24! Paaiatt PSER (22
Sea| F2AAIZ ALE 555
37N P2 5/A13 EA
221 B2 inta

P2 TIA1S -
2021 paorm 1O
1= Pamm PLI 22
2= Pa2iNTO P12 =
1221 paainTi P13 =
S5 F3ATO P14
S| P3.5T1 L
T P3&WR P15 =
78} pa 7RG P17

ATBICS1

Fig 20.4 Simulation diagram

Maharashtra State of Technical Education ‘K-Scheme’ 205



Microcontroller & Applications (314304)

d) Actual circuit used in Laboratory

e) Actual Experimental set up used in laboratory
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VIII Required Resources/apparatus/equipment with specifications

Sr. Instrument . . .
No. /Components Specification Quantity
1. |Microcontroller kit Single board system with 8K RAM,ROM memory with 1 No.
battery backup,16X4,16X2LCD display, PC keyboard
interfacing facility, Hex keypad facility, single user cross
C-compiler,RS-232,USB, interfacing facility with built
in power supply.

2. | Desktop PC Loaded with open source IDE, simulation and program 1 No.
downloading software.

3. | LCD Trainer board | Suitable to interface with 8051 trainer kit 1 No.

IX

X
1.
2.
3.
4.
3.
6.
7.
8.
9.

E-Waste Management

el

Precautions to be followed

1) Ensure proper connection before turning ON power supply to the kit.
2) Don’t apply pressure to the display surface.

2) Check rules / syntax of assembly language programming.

Procedure

Write algorithm for given problem.
Draw flowchart for the same.
Develop assembly program using Integrated Development Environment (IDE) or any
other relevant software tool.

Debug program on IDE.

Execute program on IDE.

Create hex file for the above program.
Interface LCD display to microcontroller as per circuit diagram shown in Fig 20.2
Download hex code in EPROM/Flash memory of microcontroller
Observe output on LCD display

Identify pin configuration of the ICs and test the ICs on the IC tester.

If the IC is faulty then keep it in the proper e-waste bin.

If the IC is in OK condition, then mount it on breadboard or the trainer kit.
Utilize software-based simulations for training, decreasing the reliance on physical
trainer kits and subsequently reducing e-waste
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SAMPLE PROGRAM : Write a program to display “MICRO-8051"" on LCD.

Step 1-Algorithm

Define control signals RS, RW and EN for LCD

Make LCD connected port as an output port.

Initialize LCD by sending commands.

Load DPTR with program memory address.

Set register as counter R2 =10(decimal) for to display “MICRO-8051"
Clear Accumulator

Read ASCII from code memory into Accumulator.
Send code to output port where LCD is connected.
Increment memory pointer.

10 Decrement R2 counter. Is count + 0 , then go to step 6.
11. Stop

00N LR W~

Step 2: Flowchart

Define the control signals RS, RW and EN

Make port as an output port /

l

’ Initialize LCD by sending commands. |

|
'y K
Load DPTR with memory address

'

| Set counter R2 =10 I

ol

LY Y

| Clear Accumulator |

'

| Read ASCII code from memory into Accumulator I

.

I Send ASCII code to LCD |

l

| Increment memory pointer DPTR |

Decrement R2 counter
Is Counter=0?

.—| For Repeat execution

Fig 20.5 Flowchart to display alphabets and decimal numbers on LCD
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Step 3: Assembly Language Program

Xlggi-(:;z g) e(;(e Label Mnemonics Comments
RS EQU P23 ;Replace a bit address by a
symbol
RW EQU P24
EN EQU P25
ORG 0000H
C:0x0000 | 759000 MOV P1, #00H ;Set P1 as ofp port where
LCD is connected
C:0x0003 | 120015 LCALL Lcp_iNiT | Call LCD initialize
subroutine
; Load program memor
C:0x0006 | 900100 MOV DPTR, #MSG |’ ¢ dresspimi DPTR y
C:0x0009 TAOA MOV R2, #10 :Set counter of 10
C:0x000B E4 UP: | CLR A
C:0x000C | 93 MOVC A,@A+DPTR | ;Read data from memory
into A register
C:0x000D 120037 LCALL DATAWRT
C-0x0010 A3 INC DPTR ;Incrc?ment pointer to next
location
C:0x0011 DAFS DINZ R2, UP ;Repeat loop for 10 times
C:0x0013 80FE HERE: | SIMP HERE ; stop
; 2 lines and 5x7 matrix (8-
C:0x0015 7438 LCD_INIT: | MOV A, #38H ;
bit mode)
C:0x0017 112A ACALL CMD
C:0x0019 T40E MOV A, #0OEH ; Display on, cursor on
C:0x001B 112A ACALL CMD
C:0x001D | 7406 MOV A, #06H > Increment cursor (shift
cursor to right)
C:0x001F 112A ACALL CMD
C:0x0021 7401 MOV A, #01H ; Clear display screen
C:0x0023 112A ACALL CMD
C:0x0025 | 7480 MOV A, #80H ; Force cursor to beginning
to Ist line
C:0x0027 112A ACALL CMD
C:0x0029 22 RET
C:0x002A F590 CMD: | MOV P1,A ;Send command to Icd
C:0x002C C2A3 CLR RS ;Select command register
C:0x002E C2 A4 CLR RW ;Select write operation
C:0x0030 D2A5 SETB EN
C:0x0032 C2A5 CLR EN ;Latch command to lcd
C:0x0034 1144 ACALL DELAY ;Wait for sometime
C:0x0036 22 RET
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C:0x0037 F590 DATAWRT: | MOV PI1,A :Send data to lcd
C:0x0039 D2 A3 SETB RS ;Select data register
C:0x003B C2 A4 CLR RW ;Select write operation
C:0x003D D2A5 SETB EN
C:0x003F C2A5 CLR EN ;:Latch data to lcd
C:0x0041 1144 ACALL DELAY ;Wait for sometime
C:0x0043 22 RET
C:0x0044 7B32 DELAY: | MOV R3,#50 ;Delay subroutine
C:0x0046 7CFF L2: | MOV R4,#255
C:0x0048 DCFE L1: | DJNZ R4,L1
C:0x004A DBFA DINZ R3,L2
C:0x004C 22 RET
ORG 0100H
MSG: | DB “MICRO-8051" ;Define data byte to code

memory

END

Problem statement for student: Develop assembly language program to display “MSBTE” on
second line of LCD

Step 1-Algorithm

Step 2-Flowchart
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Step 3- Assembly Langua

e Program

Memory
Address

Hex Code

Label

Mnemonics

Comments
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Memory
Address

Hex Code

Label

Mnemonics

Comments
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Memory Hex Code Label Mnemonics Comments
Address

XI Resources used

Sr. Name of Resource Specifications Quantity
No.

Maharashtra State of Technical Education ‘K-Scheme’

213




Microcontroller & Applications (314304)

XII  Actual Procedure Followed (use blank sheet provided if space not sufficient)

R SO

XIII Observations for Problem statement (use blank sheet provided if space not sufficient)

Sr. No. LCD Memory
Location

Observed
Character

NN W N

XIV  Results (Output of the Program)

XVI Conclusions and Recommendation (Actions/decisions to be taken based on the

interpretation of results).
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XVII Practical related questions
Note: Below given are few sample questions for reference. Teacher must design
more suchquestions so as to ensure the achievement of identifies CO.
1. State necessity of busy flag checking in LCD.
2. Give DDRAM address for 1* and 2™ line of 16x2 LCD display
3. Write appropriate command to shift cursor position to left
[Space for Answers]
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XVIII References/Suggestions for further reading

1. https://circuitdigest.com/article/16x2-lcd-display-module-pinout-datasheet

N

https://www.dnatechindia.com/Interfacing-LLCD-to-8051.html

3. https://circuitdigest.com/microcontroller-projects/lcd-interfacing-with-8051-microcontroller-
89s52

4. https://www.elprocus.com/lcd-interfacing-with-8051-microcontroller/

XIX Assessment Scheme

Performance indicators Weightage
Process related: 15 Marks 60% (15)
1 | Use of IDE tools for programming 20%
2 | Coding and Debugging ability 30%
3 | Follow ethical practices. 10%
Product related: 10 Marks 40% (10)
4 | Correctness of algorithm/ Flow chart 20%
5 | Relevance of output of the problem definition 15%
6 | Timely Submission of report, Answer to sample questions 05%
Total 100 %(25)

Marks Obtained

Dated signature
of Teacher

Process
Related
aas)

Product Related
(10)

Total
(25)
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Practical No. 21: Keyboard interfacing to 8051

I Practical Significance

Keyboards allow users to input data directly into an embedded system. This interaction is
essential for devices that require user configuration, command entry, or data input, enhancing
usability and functionality. A keyboard interface with an 8051 microcontroller can be
customized to handle various types of keyboards and input methods. This flexibility allows
developers to design interfaces that best suit their specific application needs. This practical
will help the students to develop skills to interface given keyboard to the microcontroller and
display key pressed.

II Industry/Employer expected outcome(s)

Maintain microcontroller-based systems.

III Course Level Learning Outcome(s)

Interface memory and I/O peripherals to 8051 microcontroller.

IV Laboratory Learning Outcome(s)
Interface the given keyboard with 8051 and display the key pressed.

V Relevant Affective domain related Outcome(s)

Follow ethical practices.

VI Relevant Theoretical Background

Ll
..

DTS
o) e o n
|= il ol v

{[IE

Fig 21.1 Types of Keyboards
4 x 4 matrix keypad connected to a single port of microcontroller. The keypad columns and rows
are connected to the port pins. The keypad can be decoded to find out which key was pressed.
When a key is pressed on the keypad, a row and column make a contact; otherwise, there is
no connection
Specifications: Keypad
1. Maximum voltage across each key: 24V
Maximum Current through each key: 30mA
Maximum operating temperature: 0°C to + 50°C
Easy interface
Long life

Sk w
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Table 21.1 4x4 Keypad: - Rows (R1, R2, R3, R4) Columns (C1, C2, C3, C4)
(Refer Fig.15.2)

Stepl:- Make R1- 0 Checks C1, C2, C3,C4
If C1=0 - “0’ 1s pressed
If C2=0— ‘1" is pressed
If C3=0— ‘2’ is pressed
If C3=0— 3’ is pressed

Step3:- Make R3- 0 Checks C1, C2, C3,C4
If C1=0 — ‘8’ is pressed
If C2=0— ‘9’ is pressed
If C3=0 - ‘A’ is pressed
If C3=0 - ‘B’ is pressed

Step2:- Make R2- 0 Checks C1, C2, C3,C4
If C1=0 — ‘4’ is pressed
If C2=0 - ‘5’ is pressed
If C3=0 - ‘6’ is pressed
If C3=0— ‘7’ is pressed

Step4:- Make R4- 0 Checks C1, C2, C3,C4
If C1=0 - ‘C’ is pressed
If C2=0 - ‘D’ is pressed
If C3=0 - ‘E’ is pressed
If C3=0 - ‘F’ is pressed

VII Actual Circuit Diagram used in laboratory

a) Sample Circuit Diagram

Vcce
RE RE REREZ
R1 0>/°/ l>/°/ 2>/°/3>/°/ R
P1.0 =z |z 7 | AAA—
= o] 1] s
P1.1 A
e P <Ay <d
sz |2z A T2 R
i A e > > i
> |2~ |E F
—— nislioes < WD) oL | b | e
—g ci| c3 Cc4
Pl.4 P15 P16 P17
Port 1

Fig 21.2 Sample Circuit Diagram
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b) Practical Setup:

.

L

.
@
2@
.
9
5@
0 e
v

iEsadd
St esesnan
LR R R

Fig 21.3 Practical Set up Diagram

¢) Simulation Diagram:

BSY 93, gsuzzs3: .
£ B R 2 EX I 3 3 1 3 A X

Fig 21.4: Simulation Diagram
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d) Actual Circuit Diagram used:

VIII Resources Required
Sr. | Instrument Specification Quantity
No | /Components
1.| Microcontroller kit Single board systems with 8K RAM, ROM 1 No.
memory with battery backup,16X4,16X2LCD
display, PC keyboard interfacing facility, Hex
keypad facility, single user cross c-
compiler,RS-232,USB, interfacing facility
with built in power supply.
2.| Desktop PC Loaded with open source IDE, simulation and | 1 No.
program downloading software
3 Keyboard Suitable to interface with 8051 trainer kit 1No.

4x4 trainer board

IX Precautions to be Followed

1.

Check rules / syntax of assembly programming.

X Procedure

M S

.

8.

9.

Write Program

Start Keil by double clicking on Keil icon.

Create a new project.

Select device for Target.

Double click on ATMEL and select AT89C51.

Type the program in text editor and save as filename.asm extension.
Compile the Program

Right click on source group and build the target.

Check for any errors in the output window and remove if any.
Run, Debug the Program

Click on Debug and start simulation and start/stop debug session.
Run the program step by step.

10. Observe the output on the project window.
11. Note the values of the result of various operations in the observation table.
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E-Waste Management
1. Identify pin configuration of the ICs and test the ICs on the IC tester.
2. If the IC is faulty then keep it in the proper e-waste bin.
3. If the IC is in OK condition, then mount it on breadboard or the trainer kit.
4. Utilize software-based simulations for training, decreasing the reliance on physical
trainer kits and subsequently reducing e-waste

SAMPLE PROGRAM 1: Write a program to display key pressed on LCD.
Stepl- Algorithm

1. Define LCD control pins RS, RW, EN.
2. Make LCD Port PO as an output port.
3. Make the keypad Port P1 pins as an input port.
4. Initialize LCD by sending commands.
5. Make R1 low& read columns C1, C2, C3 and C4
If C1=0 display ‘0’, If C2=0 display ‘1°, If C3=0 display ‘2, If C4=0 display ‘3’
6. Make R2 low& read columns C1, C2, C3 and C4.

If C1=0 display ‘4’, If C2=0 display ‘5°, If C3=0 display ‘6’, If C4=0 display ‘7°.
7. Make R3 low& read columns C1, C2, C3 and C4.

If C1=0 display ‘8, If C2=0 display ‘9’, If C3=0 display ‘A’, If C4=0 display ‘B’
8. Make R4 low& read columns C1, C2, C3 and C4.
If C1=0 display ‘C’, If C2=0 display ‘D’, If C3=0 display ‘E’, If C4=0 display ‘F’
Go to step 5 to scan keypad.
2. Stop

—_—

Step 2-Flow Chart
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il

/ Define the control signals RS, RW and EN for LCD

/ Make the Port used as an output port for LCID /

+

/ Make the Port pins used rows as output and columns as

[ Ininatize LLCD by sending commands

-
[ Make R1= 0 & Check columns C1, C2. C3, C4 |

YES
Display key on LCI»
NO P 2

Make R2 =0 & Check column= C1, C2. T3 C4

Drisplay key on LCD

NO l 5 g T

I Make R3 = 0 & Check columns C1. C2. C3_ C4

ofc

Display key on LCD
13" 'Ig: 1A: -lB"

Make R4=10 & Check columns C1, C2, C3, C4

Drisplay key on LCD
‘C‘ qD-. .E"F:

NG

" Repeat keypad scan

Fig 21.5 Flowchart to display the key pressed on LCD
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Step 3-Assembly Language Program

1;433:«23 Hex Code Label Mnemonics Comments
ROWI1 BIT P1.0 ;keypad row pins
ROW?2 BIT P1.1
ROW3 BIT P1.2
ROW4 BIT P1.3
COLI1 BIT P1.4 ;keypad column pins
COL2 BIT P1.5
COL3 BIT P1.6
COL4 BIT P1.7
RS BIT P2.5 ;LCD control pins
RW BIT P2.6
EN BIT P2.7
ORG 0000H
C:0x0000 758000 MOV PO, #00H ;make LCD port as output
C:0x0003 11AB ACALL LCDINIT
C:0x0005 7590FF KEYSCAN: | MOV P1,#0FFH ;step 1 make port as input
C:0x0008 C290 CLR ROW1 ;make row1=0
C:0x000A 30943E JNB COL1,K0 ;check coll
C:0x000D 309441 JNB COL2,K1 :check col2
C:0x0010 309444 JNB COL3,K2 ;check col3
C:0x0013 309447 JNB COL4,K3 ;check col4
C:0x0016 7590FF MOV P1,#0FFH ;step 2
C:0x0019 C291 CLR ROW2 ;make row2=0
C:0x001B 309445 JNB COL1,K4
C:0x001E 309548 JNB COL2,K5
C:0x0021 30964B JNB COL3,K6
C:0x0024 30974E JNB COLA4,K7
C:0x0027 T590FF MOV P1,#0FFH ;step 3
C:0x002A C292 CLR ROW3 :make row3=0
C:0x002C 30954C JNB COL1,K8
C:0x002F 30954F JNB COL2,K9
C:0x0032 309652 JNB COL3,KA
C:0x0035 309755 JNB COL4,KB
C:0x0038 7590FF MOV P1,#0FFH ;step 4
C:0x003B C293 CLR ROW4 ;make row4=0
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IXISE;(:SZ Hex Code Label Mnemonics Comments
C:0x003D 309453 JNB COLI1,KC

C:0x0040 309556 JNB COL2,KD

C:0x0043 309659 JNB COL3,KE

C:0x0046 30975C JNB COL4,KF

C:0x0049 80BA SIMP KEYSCAN ;repeat scanning
C:0x004B 7430 KO: | MOV A#7°0” ;key O detected
C:0x004D 11CD ACALL DISPLAY

C:0x004F 0105 AJMP KEYSCAN

C:0x0051 7431 KI: | MOV A#°1” ;key 1 detected
C:0x0053 11CD ACALL DISPLAY

C:0x0055 0105 AJMP KEYSCAN

C:0x0057 7432 K2: | MOV A#72” ;key 2 detected
C:0x0059 11CD ACALL DISPLAY

C:0x005B 0105 AJMP KEYSCAN

C:0x005D 7433 K3: | MOV A#73” ;key 3 detected
C:0x005F 11CD ACALL DISPLAY

C:0x0061 0105 AJMP KEYSCAN

C:0x0063 7434 K4: | MOV A#7°4” ;key 4 detected
C:0x0065 11CD ACALL DISPLAY

C:0x0067 0105 AJMP KEYSCAN

C:0x0069 7435 K5: | MOV A#75” ;key 5 detected
C:0x006B 11CD ACALL DISPLAY

C:0x006D 0105 AJMP KEYSCAN

C:0x006F 7436 K6: | MOV A#7°6” ;key 6 detected
C:0x0071 11CD ACALL DISPLAY

C:0x0073 0105 AJMP KEYSCAN

C:0x0075 7437 K7: | MOV A #7” ;key 7 detected
C:0x0077 11CD ACALL DISPLAY

C:0x0079 0105 AJMP KEYSCAN

C:0x007B 7438 K8: | MOV A #78” ;key 8 detected
C:0x007D 11CD ACALL DISPLAY

C:0x007F 0105 AJMP KEYSCAN

C:0x0081 7439 K9: | MOV A#79” ;key 9 detected
C:0x0083 11CD ACALL DISPLAY

C:0x0085 0105 AJMP KEYSCAN
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11\&/[33;(:52’ Hex Code Label Mnemonics Comments
C:0x0087 7441 KA: | MOV A #°A” ;key A detected
C:0x0089 11CD ACALL DISPLAY

C:0x008B 0105 AJMP KEYSCAN

C:0x008D 7442 KB: | MOV A #’B” ;key B detected
C:0x008F 11CD ACALL DISPLAY

C:0x0091 0105 AJMP KEYSCAN

C:0x0093 7443 KC: | MOV A#°C” ;key C detected
C:0x0095 11CD ACALL DISPLAY

C:0x0097 0105 AJMP KEYSCAN

C:0x0099 7444 KD: | MOV A #°D” ;key D detected
C:0x009B 11CD ACALL DISPLAY

C:0x009D 0105 AJMP KEYSCAN

C:0x009F 7445 KE: | MOV A#’E” ;key E detected
C:0x00A1 11CD ACALL DISPLAY

C:0x00A3 0105 AJMP KEYSCAN

C:0x00A5 7446 KF: | MOV A#°F” ;key F detected
C:0x00A7 11CD ACALL DISPLAY

C:0x00A9 0105 AJMP KEYSCAN

C:0x00AB 7438 LCDINIT: | MOV A #38H ;init LCD 2 lines, 5x7 matrix
C:0x00AD 11CO ACALL COMMAND

C:0x00AF T40E MOV A #0EH ;LCD on cursor on
C:0x00B1 11CO ACALL COMMAND

C:0x00B3 7406 MOV A, #06H ;clear LCD command
C:0x00B5 11CO ACALL COMMAND

C:0x00B7 7401 CLEAR: | MOV A #01H ;shift cursor right
C:0x00B9 11CO ACALL COMMAND

C-0x00BB 7480 MOV A #80H iiljlcirce cursor to beginning of 1%
C:0x00BD 11CO ACALL COMMAND

C:0x00BF 22 RET

C:0x00C0 F580 COMMANI? MOV PO,A ;issue command code
C:0x00C2 C2A5 CLR RS

C:0x00C4 C2A6 CLR RW

C:0x00C6 D2A7 SETB EN
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IXISE;(:SZ Hex Code Label Mnemonics Comments
C:0x00C8 11DE ACALL DELAY
C:0x00CA C2A7 CLR EN
C:0x00CC 22 RET
C:0x00CD F580 DISPLAY: | MOV PO,A ;issue data
C:0x00CF D2A5 SETB RS
C:0x00D1 C2A6 CLR RW
C:0x00C3 D2A7 SETB EN
C:0x00D5 11DE ACALL DELAY
C:0x00D7 C2A7 CLR EN
C:0x00D9 11DE ACALL DELAY ;add delay
C:0x00DB 11B7 ACALL CLEAR ;LCD clear
C:0x00DD 22 RET
C:0x00DE 7B32 MOV R3,#50
C:0x00EO 7CFF MOV R4,#255
C:0x00E2 DCFE DELAY: | DINZ R4,LOOPI
C:0x00E4 DBFA LOOP2: | DJNZ R3,LOOP2
C:0x00E6 22 LOOPI: | RET
END
XI Resources Used:
S. No. | Instrument /Components Specification Quantity
1.
2.
3.

XII  Actual Procedure Followed (use blank sheet provided if space not sufficient)
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XIITI Observations for sample program (use blank sheet provided if space not sufficient)

Sr. No. Key Pressed Output on LCD

N B | W~
SIS I ES

XIV Results (Output of the Program)

XVI  Conclusions and Recommendation (Actions/decisions to be taken based on the
interpretation of results).

Mabharashtra State Board of Technical Education ‘K-Scheme’
227



Microcontroller & Applications (314340)

XVII Practical Related Questions

Note: Below given are few sample questions for reference. Teacher must design more
such questions so as to ensure the achievement of identified CO

1. If the switch 3 is pressed which column & row show logic 0 at respective port pin?.

Explain debounce effect.

3. Write down following requirement of port pins and number of switches.

No of switches Rows Port

Matrix K d
atrix Keypa Pins

Columns Port
Pins

1x4 Matrix Keypad

3x4 Matrix Keypad

4x4 Matrix Keypad

8x8 Matrix Keypad

[Space for Answers]
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XVIII References / Suggestions for further reading
https://gmostofabd.github.i0/8051-Keypad/

https://www.circuitstoday.com/interfacing-hex-keypad-to-8051

1.
2.
3.

XIX

https://www.brainkart.com/article/Interfacing-and-Program-for-Keyboard-to-8051-

Microcontroller_7838/

Assessment Scheme

The given performance indicators should serve as a guideline for assessment regarding process
and product related marks:

Performance indicators Weightage
Process related: 15 Marks 60% (15)
1 | Use of IDE tools for programming 20%
2 | Coding and Debugging ability 30%

3 | Follow ethical practices. 10%
Product related: 10 Marks 40% (10)
4 | Correctness of algorithm/ Flow chart 20%

5 | Relevance of output of the problem definition 15%

6 | Timely Submission of report, Answer to sample questions 05%

Total 100 % (25)

Marks Obtained Dated signature
of Teacher
Process | Product Related Total
Related 10) (25)
as)
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Practical No. 22: ADC interfacing to 8051

I Practical Significance

ADC (Analog to digital converter) forms a very essential part in many embedded projects. In
industry and automated instruments, the signals sensed and processed by humans are analog
signals. Analog-to-digital conversion is the means by which analog signals are converted into
digital data that can be processed by computers for various purposes. This practical will help
the students to develop skills to interface given ADC to the microcontroller and verify the input
and output.

II Industry/Employer expected outcome(s)
Maintain microcontroller-based systems.

III Course Level Learning Outcome(s)
Interface memory and I/O peripherals to 8051 microcontroller.

IV Laboratory Learning Outcome(s)
Interface ADC with 8051 microcontroller and verify input and output.

V Relevant Affective domain related Outcome(s)

Follow ethical practices.

VI Relevant Theoretical Background

An analog to digital converter or ADC, converts an analog signal to a digital signal. An analog
signal has a continuously changing amplitude with respect to time. A digital signal, is a stream of
Os and 1s. An ADC maps analog signals to their binary equivalents. To do this, ADCs use various
methods like:
1. Flash conversion,
2. Slope integration, or
3. Successive approximation.
Types of ADC:
1. Serial ADC: Serial ADC’s consisting of just one output pin that delivers the output code
one bit at a time.
2. Parallel ADC: Parallel ADC’s consisting of several output pins that deliver all the bits of
the output code at the same time.
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Fig 22.1: ADC Block Diagram

ADCO0808 Analog signal selection:

Table 22.1 ADC Channel Selection

Select Lines

B

Analog Channel
Selected

INO

IN1

IN2

IN3

IN4

IN5

IN6

R |rRr|FP[kPOIOCO|IO|O|O

(PO |0k |k |O |0

~|O|r|O|R|O|FR|O|>

IN7

Specifications ADC0808 Chip

im0 o

ADCO0808 IC - analog to digital
Resolution -8 Bits
Input Channels- 8
Single Supply- 5VDC
Low Power- 15 mW
Conversion Time -100us
Output’s meets TTL voltage level.
The clock frequency range of ADC is 10 KHz to 1280 KHz.
Typically 680 kHz used.
Low power consumption

END OF CONVERSION

| @ N 1eRRuPT)

&EIT DUTPUTS
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VII Actual Circuit Diagram used in laboratory

a) Sample Circuit Diagram
+5V

Variable Resist
+5V /aLr;jlase/ OR
8051 ADC0809 3 [rer
P35 |—»RD (OE) VCC
P34l 5 WR (SC) Vref (+)—0 2.56V -
p2.0 f4—— DO [INO—
: (N1
N2l
IN3|—
[N4{
INS|—
(N6—
IN7|—
D7 CLOCK
ALE  Vref(?)
INTR (EOC)CS
A B C GND

L

Fig 22.2 ADC interfacing to 8051

Fig 22.3 Practical Set up Diagram
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¢) Simulation Diagram:
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Fig 22.4: Simulation Diagram

d) Actual Circuit Diagram used:
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VIII Resources Required

Sr. | Instrument Specification Quantity
No | /Components

1.| Microcontroller kit Single board systems with 8K RAM, ROM 1 No.
memory with battery backup,16X4,16X2LCD
display, PC keyboard interfacing facility, Hex
keypad facility, single user cross c-compiler,

RS-232, USB, interfacing facility with built in

power supply.
2.| Desktop PC Loaded with open-source IDE, simulation and | 1 No.
program downloading software
3 ADC (0808) trainer Suitable to interface 8051 board. 1 No.

board

IX Precautions to be Followed

Check rules / syntax of assembly programming.

Refer datasheet for to provide clock frequency to ADC 0808 chip.
Care must be taken while taking observations during power up.
Use current limiting resistors for LED’s.

e

X Procedure

Write Program

Start Keil by double clicking on Keil icon.

Create a new project.

Select device for Target.

Double click on ATMEL and select AT89C51.

Type the program in text editor and save as filename.asm extension.
Compile the Program

Right click on source group and build the target.

Check for any errors in the output window and remove if any.

Run, Debug the Program

8. Click on Debug and start simulation and start/stop debug session.

9. Run the program step by step.

10. Observe the output on the project window.

11. Note the values of the result of various operations in the observation table.

M S

.

E-Waste Management
1. Identify pin configuration of the ICs and test the ICs on the IC tester.
2. If the IC is faulty then keep it in the proper e-waste bin.
3. If the IC is in OK condition, then mount it on breadboard or the trainer kit.
4. Utilize software-based simulations for training, decreasing the reliance on physical
trainer kits and subsequently reducing e-waste

SAMPLE PROGRAM 1: Write a program to read the data from ADC and display on LEDs.
Stepl- Algorithm
1. Select an analog channel by providing bits to A, B, and C addresses according to the
analog signal selection table.
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2. Activate the ALE (address latch enable) pin.

Activate SC (start conversion) to initiate conversion.

4. Monitor EOC (end of conversion) to see whether conversion is finished. H-to L
output indicates that the data is converted and is ready to be picked up. If we do not
use EOC, we can read the converted digital data after a brief time delay. The delay
size depends on the speed of the external clock we connect to the CLK pin.

5. Activate OE (output enable) to read data out of the ADC chip.

b

Note: In ADCO808 that there is no self-clocking and the clock must be provided from
an external source to the CLK pin. Although the speed of conversion depends on the
frequency of the clock connected to the CLK pin, it cannot be faster than 100

microseconds.

Detine ADC Port Pin as an input port

Step 2-Flow Chart

‘ Set EOC pin as input
Clear ALE, SC, OE
r Y =+‘
Select channel
Start conversion
Monitor end of conversion signal

Read data

v

Display data on port

Fig 22.5 Flowchart to display the key pressed on LCD
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Step 3-Assembly Language Program

Memory Hex

Address Code Label Mnemonics Comments
ORG 0000H Starting address
C:0X0000 7590FF MOV P1, #0FFH Makes port 1 input port
C:0X0003 D2A7 SETB P2.7 Makes EOC pin high
C:0X0005 C2A4 CLR P24 Clears ALE pin
C:0X0007 C2A6 CLR P2.6 Clears start pin
C:0X009 C2A5 CLR P2.5 Clear OE pin
C:0X000B C2A2 BACK: CLR P2.2 Clears ADD C
C:0X000D D2Al SETB P2.1 Sets ADD B
Clears ADD A (this selects the second
C:0X000F C2A0 CLR P2.0 address line)
C:0X0011 112F ACALL DELAY
C:0X0013 D2A4 SETB P2.4 Sets ALE high
C:0X0015 112F ACALL DELAY
C-0X0017 D2A6 SETB P.26 Sends a'command to start of
conversion pulse.
C:0X0019 112F ACALL DELAY
C:0X001B C2A4 CLR P24 Makes ALE low
C:0X001D C2A6 CLR P2.6 Makes start pin low

C:0X001F | 20A7FD | HERE: | B P2.7. HERE Waits for low pulse at EOC

C:0X0022 30A7FD HEREL: JNB P2.7, HERE1 Waits for low pulse to finish
Enables OE pin to extract data from

C:0X0025 D2AS SETB P2.5 ADC

C:0X0027 112F ACALL DELAY

C:0X0029 E590 MOV A, P1 Moves acquired data to accumulator

C:0X002B | C2AS CLR P2.5 Clears OF

C:0X002D 80DC SIMP BACK Repeatedly gets data from ADC

C:0X002F 7B32 DELAY: | MOV R3, #50

C:0X0031 1CFF HERE2: | MOV R4, #255

C:0X0033 DCFE DINZ R4, HERE3
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Memory Hex .
Address Code Label Mnemonics Comments
C;0X0035 DBFA DINZ R3, HERE 2
C:0X0037 RET
END
XI Resources Used:
S. No. | Instrument /Components Specification Quantity
1.
2.
3.

XII  Actual Procedure Followed (use blank sheet provided if space not sufficient)

XIII Observations for sample program (use blank sheet provided if space not sufficient)

Input Voltage | Output HEX Value observed on LED’s
1v
2V
RAY
4V

5V
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XIV Results (Output of the Program)

XVI Conclusions and Recommendation (Actions/decisions to be taken based on the
interpretation of results).

XVII Practical Related Questions
Note: Below given are few sample questions for reference. Teacher must design more
such questions so as to ensure the achievement of identified CO
1. List two applications where serial ADC and parallel ADC chips are used.

Draw timing diagram for entire ADC process.
Distinguish ADC 0804, ADC 0808 and ADC 0848.
Give the pin functions of ADC 0808.

Rl

[Space for Answers]
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XVIII References / Suggestions for further reading
1. https://technobyte.org/8051-interfacing-adc-0808-tutorial-steps/#Where_is_an_Analog-to-
Digital_Converter_ ADC_used
2. https://www.circuitstoday.com/interfacing-adc-to-8051
3. https://microcontrollerslab.com/interfacing-adc-0804-805 1-microcontroller/
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XIX Assessment Scheme
The given performance indicators should serve as a guideline for assessment regarding process
and product related marks:

Performance indicators Weightage
Process related: 15 Marks 60% (15)
1 | Use of IDE tools for programming 20%
2 | Coding and Debugging ability 30%

3 | Follow ethical practices. 10%
Product related: 10 Marks 40% (10)
4 | Correctness of algorithm/ Flow chart 20%

5 | Relevance of output of the problem definition 15%

6 | Timely Submission of report, Answer to sample questions 05%

Total 100 % (25)

Marks Obtained Dated signature
of Teacher
Process | Product Related Total
Related (10) 25)
as)
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Practical No. 23: DAC interfacing to generate the square waveform.

I Practical Significance

The digital to analog converter (DAC) is a device widely used to convert digital pulses to
analog signals. This practical will help the students to develop skills to interface DAC with
8051 and generate different analog waveforms.

II Industry/Employer expected outcome(s)

Maintain microcontroller-based systems.

III Course Level Learning Outcome(s)

Maintain microcontroller based applications.

IV Laboratory Learning Outcome(s)
Interface DAC with 8051 microcontroller and generate square waveform.

V Relevant Affective domain related Outcome(s)

Follow ethical practices.

VI Relevant Theoretical Background

The Digital to Analog converter (DAC) is a device, that is widely used for converting digital pulses
to analog signals. There are two methods of converting digital signals to analog signals.

1. Binary weighted method and

2. R/2R ladder method.
R/2R ladder is the widely used method. This method can achieve a much higher degree of precision.
DAC:s are judged by its resolution. The resolution is a function of the number of binary inputs. The
most common input counts are 8, 10, 12 etc. Number of data inputs decides the resolution of DAC.
So, if there are n digital input pin, there are 2" analog levels. So, 8 input DAC has 256 discrete
voltage levels.
he output current is known as Iout by connecting a resistor to the output to convert into voltage.
The total current provided by the Iout pin is basically a function of the binary numbers at the input
pins DO - D7 (DO is the LSB and D7 is the MSB) of DACO0808 and the reference current Iref. The
following formula is showing the function of Iout:

D, D¢ Ds D, D3 D, D, Do)
L.=l ;—+—=2+=p 224 T 4 7
out ref(z+4+8+16+32+64+128+256

The Iref is the input current. This must be provided into the pin 14. Generally, 2.0mA is used as
Iref. Iout pin is connected to the resistor to convert the current to voltage.
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Fig 23.1: DAC Block Diagram

Mms8 LSB
Al A2 A3 A4 A5 A6 A7

SEEEEEE

coﬁ?:ﬁf Oo— CURRENT SWITCHES =0 1o
HEEEEEE |
R-2R LADDER BIAS CIRCUIT f==O GND

VREF(+) Ot ‘
NPN CURRENT —O Ve
SOURCE PAIR
VREF(-) O
REFERENCE =—O COMPEN
CURRENT AMP

$

Vee

Fig 23.2: DAC Block Diagram

Specifications DAC 0808 Chip

Resolution: 8 bits

Settling Time: Typically, 100 nanoseconds
Output Current: Up to 1.999 mA

Voltage Supply: +5V or £5V to £18V
Accuracy: £0.19% of full scale

Output Type: Voltage output
Compatibility: TTL/CMOS

NoUnsE PN =
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VII Actual Circuit Diagram used in laboratory

a) Sample Circuit Diagram

b
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Fig 23.3 DAC interfacing to 8051

b) Practical Setup:

. 4

Fig 23.4 Practical Set up Diagram
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¢) Simulation Diagram:
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Fig 23.5: Simulation Diagram

d) Actual Circuit Diagram used:
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VIII Resources Required
Sr. Instrument . . .
No. | /Components Specification Quantity
1 | Microcontroller | Single board systems with 8K RAM,ROM 1 No.
kit memory with battery backup,16X4,16X2LCD

display, PC keyboard interfacing facility, Hex
keypad facility, single user cross c-compiler,RS-
232,USB, interfacing facility with built in power

supply.

2 | Desktop PC Loaded with open source IDE, simulation and 1 No.

program downloading software

3 | DAC (0808) | Suitable to interface 8051 board. 1 No

trainer board

IX Precautions to be Followed

1.
2.

Check rules / syntax of assembly programming.
Operate DAC chip as per specifications given in the datasheet otherwise damage may
occur to the device.

X Procedure

M S

.

8.
9.

Write Program

Start Keil by double clicking on Keil icon.

Create a new project.

Select device for Target.

Double click on ATMEL and select AT89C51.

Type the program in text editor and save as filename.asm extension.
Compile the Program

Right click on source group and build the target.

Check for any errors in the output window and remove if any.
Run, Debug the Program

Click on Debug and start simulation and start/stop debug session.
Run the program step by step.

10. Observe the output on the project window.
11. Note the values of the result of various operations in the observation table.

E-Waste Management

1

2.
3.
4.

Identify pin configuration of the ICs and test the ICs on the IC tester.

If the IC is faulty then keep it in the proper e-waste bin.

If the IC is in OK condition, then mount it on breadboard or the trainer kit.

Utilize software-based simulations for training, decreasing the reliance on physical
trainer kits and subsequently reducing e-waste

SAMPLE PROGRAM 1: Write a program to generate square waveform using DAC.
STEP1- Algorithm

1. Make the Port used to Interface DAC as an output port.

2. Clear Accumulator.

3. Send OOH value to Port 1
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4. Call Delay
5. Send FFH value to port 1
6. Call Delay.

7. For repeat operation go to step3.

Step 2-Flow Chart

[ START ]

v

Define port P1 as output port

"

Send maximum value to port for

getting high P1=0xff

'

Add delay

Send minimum value to port for getting
low P1=0x00

|

Add delay

|
[ Repeat ]

.

A

Fig 23.6 Flowchart to generate Square waveform

Step 3-Assembly Language Program

11\;/[33:-(:52’ Hex Code Label Mnemonics Comments
ORG 0000h

C:0x0000 7400 MAIN: | MOV A, #00h Clear A

C:0x0002 F590 MOV PI1, A Send value to P1

C:0x0004 110E ACALL DELAY Call Delay

C:0x0006 | 74FF MOV A, #FFH Z/Icoc\;emlfllli?oerst value in

C:0x0008 F590 MOV P1, A Send value to P1

C:0x000A 110E ACALL DELAY Decrement value

C:0x000C SIMP MAIN S;T:are with lowest
DELAY
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Memory Hex Code Label Mnemonics Comments
Address
C:0x000E 78FF MOV RO, #100 Initialize Delay register
C:0X0010 79FF HERE 1: | MOV R1, #100
C:0x0012 DI9FE HERE: | DINZ R1, HERE Repeat till R1 becomes
zero
C:0X0014 D8FA DINZ RO, HEREI Repeat till R1 becomes
Zero
C:0X0016 22 RET
END

Problem statement for student: Develop assembly program to generate a square wave with
ON time of 3msec and OFF time of 5 msec. { Assume suitable crystal frequency}

Step 1-Algorithm Step 2-Flowchart
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XTI Resources Used:

S. No. | Instrument /Components

Specification

Quantity

XII  Actual Procedure Followed (use blank sheet provided if space not sufficient)

XIII Observations for sample program (use blank sheet provided if space not sufficient)
Trace the waveform for the square waveform observed on CRO.

XIV Results (Output of the Program)
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XVI Conclusions and Recommendation (Actions/decisions to be taken based on the
interpretation of results).

XVII Practical Related Questions

Note: Below given are few sample questions for reference. Teacher must design more
such questions so as to ensure the achievement of identified CO
1. If Iref = 2mA and all the inputs to the DAC are high then find maximum current of
DAC 0808 IC.

2. Define Duty cycle for the square waveform.
3. Write a program for generating a square waveform for 60% duty cycle.

[Space for Answers]
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XVIII References / Suggestions for further reading

1.
2.
3.

XIX Assessment Scheme
The given performance indicators should serve as a guideline for assessment regarding process
and product related marks:

http://vlabs.iitkgp.ac.in/rtes/exp3/index.html

https://www.tutorialspoint.com/interfacing-dac-with-805 1-microcontroller

https://peripheralinterfacing.wordpress.com/digital-to-analog-converter-using-805 1 -microcontroller/

Performance indicators Weightage
Process related: 15 Marks 60% (15)
1 | Use of IDE tools for programming 20%
2 | Coding and Debugging ability 30%
3 | Follow ethical practices. 10%
Product related: 10 Marks 40% (10)
4 | Correctness of algorithm/ Flow chart 20%
5 | Relevance of output of the problem definition 15%
6 | Timely Submission of report, Answer to sample questions 05%
Total 100 % (25)
Marks Obtained Dated signature
of Teacher
Process | Product Related Total
Related (10) (25)
as)
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Practical No. 24: DAC interfacing to generate the triangular waveform.

I Practical Significance

The digital to analog converter (DAC) is a device widely used to convert digital pulses to
analog signals. This practical will help the students to develop skills to interface DAC with
8051 and generate different analog waveforms.

II Industry/Employer expected outcome(s)
Maintain microcontroller-based systems.

III Course Level Learning Outcome(s)
Maintain microcontroller based applications.

IV Laboratory Learning Outcome(s)
Interface DAC with 8051 microcontroller and generate triangular, saw-tooth waveform.

V Relevant Affective domain related Outcome(s)
Follow ethical practices.

VI Relevant Theoretical Background

The Digital to Analog converter (DAC) is a device, that is widely used for converting digital pulses
to analog signals. There are two methods of converting digital signals to analog signals.

1. Binary weighted method and

2. R/2R ladder method.
R/2R ladder is the widely used method. This method can achieve a much higher degree of precision.
DAC:s are judged by its resolution. The resolution is a function of the number of binary inputs. The
most common input counts are 8, 10, 12 etc. Number of data inputs decides the resolution of DAC.
So, if there are n digital input pin, there are 2" analog levels. So, 8 input DAC has 256 discrete
voltage levels.
he output current is known as Iout by connecting a resistor to the output to convert into voltage.
The total current provided by the Iout pin is basically a function of the binary numbers at the input
pins DO - D7 (DO is the LSB and D7 is the MSB) of DACO0808 and the reference current Iref. The
following formula is showing the function of Iout:

D, D¢ Ds D, D3 D, D, Do)
L,=I |—Z+2+ =22y 2424 1 L
out Tef(z+4+8+16+32+64+128+256

The Iref is the input current. This must be provided into the pin 14. Generally, 2.0mA is used as
Iref. Iout pin is connected to the resistor to convert the current to voltage.
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Fig 24.2: DAC Block Diagram

Specifications DAC 0808 Chip

Resolution: 8 bits

Settling Time: Typically, 100 nanoseconds
Output Current: Up to 1.999 mA

Voltage Supply: +5V or £5V to £18V
Accuracy: £0.19% of full scale

Output Type: Voltage output
Compatibility: TTL/CMOS

NoUnsE PN =
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VII Actual Circuit Diagram used in laboratory

a) Sample Circuit Diagram

b
vee
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Fig 24.3 DAC interfacing to 8051

b) Practical Setup:

. 4

Fig 24.4 Practical Set up Diagram
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¢) Simulation Diagram:
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Fig 24.5: Simulation Diagram

d) Actual Circuit Diagram used:
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VIII Resources Required
Sr. Instrument . . .
No. | /Components Specification Quantity
1 | Microcontroller | Single board systems with 8K RAM, ROM 1 No.
kit memory with battery backup,16X4,16X2LCD

display, PC keyboard interfacing facility, Hex
keypad facility, single user cross c-compiler, RS-
232, USB, interfacing facility with built in power

supply.

2 | Desktop PC Loaded with open-source IDE, simulation and 1 No.

program downloading software

3 | DAC (0808) | Suitable to interface 8051 board. 1 No

trainer board

IX Precautions to be Followed

1.
2.

Check rules / syntax of assembly programming.
Operate DAC chip as per specifications given in the datasheet otherwise damage may
occur to the device.

X Procedure

M S

.

8.
9.

Write Program

Start Keil by double clicking on Keil icon.

Create a new project.

Select device for Target.

Double click on ATMEL and select AT89C51.

Type the program in text editor and save as filename.asm extension.
Compile the Program

Right click on source group and build the target.

Check for any errors in the output window and remove if any.
Run, Debug the Program

Click on Debug and start simulation and start/stop debug session.
Run the program step by step.

10. Observe the output on the project window.
11. Note the values of the result of various operations in the observation table.

E-Waste Management

1.

Identify pin configuration of the ICs and test the ICs on the IC tester.

2. If the IC is faulty then keep it in the proper e-waste bin.
3.
4. Utilize software-based simulations for training, decreasing the reliance on physical

If the IC is in OK condition, then mount it on breadboard or the trainer kit.

trainer kits and subsequently reducing e-waste
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SAMPLE PROGRAM 1: Write a program to generate triangular waveform using DAC.
STEP1- Algorithm

1. Make the Port used to Interface DAC as an output port.
2. Clear Accumulator.
3. Send OOH value to DAC
4. Increment value.
5. Compare current value with highest value OFFh and send it to DAC till it reaches.
6. Decrement value.
7. Compare current value with lowest value O00H and send it to DAC till it reaches.
8. For repeat operation go to step3.
9. Stop.
Step 2-Flow Chart

(:_‘“-  START h--_::)

—
Mauke the Port as an output port
3 >y

| Clear Accumulator l

v
v

I Send Accumulator value to DAC 0808 ‘

.

I Increment Accumulator Value ‘

.

[ Compare current value with reference value OFFH ]

— Is current R
~—~—___  value=OFFH? _——

SRS VB
— -
I Send Accumulator value to DAC OB08 ]

-

| Decrement Accumulator Value I

.

| Compare current value with reference value 00H |

et Is current T—
o value=00H? -

Fig 24.6 Flowchart to generate triangular waveform
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Step 3-Assembly Language Program

Memory

Hex Code Label Mnemonics Comments
Address
ORG 0000h
C:0x0000 7400 REPEAT: | MOV A, #00h Clear A
C:0x0002 F590 INCR: | MOV PO, A Send value to P1
C:0x0004 04 INC A Increment value
C:0x0005 | BAFFFA CINE A #OFFh.INCR Colmpare with highest
value
C:0x0008 F590 DECR: | MOV PO, A Send value to P1
C:0x000A 14 DEC A Decrement value
C:0x000B | B40OFA CINE A, #00h, DECR C;m:are with lowest
valu
C:0x000E 80F0 SIMP REPEAT Repeat

END

Problem statement for student: Develop assembly program to generate sawtooth waveform
using DAC 0808

Step 1-Algorithm

Step 2-Flowchart
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XI Resources Used:

S. No.

Instrument /Components

Specification

Quantity

XII

Actual Procedure Followed (use blank sheet provided if space not sufficient)
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XIITI Observations for sample program (use blank sheet provided if space not sufficient)
Trace the waveform for the triangular waveform observed on CRO.

XIV Results (Output of the Program)

XVI Conclusions and Recommendation (Actions/decisions to be taken based on the
interpretation of results).

XVII Practical Related Questions
Note: Below given are few sample questions for reference. Teacher must design more
such questions so as to ensure the achievement of identified CO
1. If Iref = 2mA and all the inputs to the DAC are high then find maximum current of
DAC 0808 IC.
2. To generate a sine wave using DAC 0808 find decimal values representing magnitude
of
the sine of angles between 0 and 360 degrees.
Refer Vout = 5V+ (5xsin0).
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3. If a switch SW is connected to port pin PO.0. Write a program to do the following.
a) When SW=0 the DAC output gives a triangular waveform.
b) When SW=1 the DAC output gives a staircase waveform.

[Space for Answers]

XVIII References / Suggestions for further reading
1. https://www.tutorialspoint.com/interfacing-dac-with-805 1 -microcontroller

2. http://vlabs.iitkgp.ac.in/rtes/exp3/index.html
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3. https://peripheralinterfacing.wordpress.com/digital-to-analog-converter-using-8051-
microcontroller/

XIX Assessment Scheme
The given performance indicators should serve as a guideline for assessment regarding process
and product related marks:

Performance indicators Weightage
Process related: 15 Marks 60% (15)
1 | Use of IDE tools for programming 20%
2 | Coding and Debugging ability 30%
3 | Follow ethical practices. 10%
Product related: 10 Marks 40% (10)
4 | Correctness of algorithm/ Flow chart 20%
5 | Relevance of output of the problem definition 15%
6 | Timely Submission of report, Answer to sample questions 05%
Total 100 % (25)
Marks Obtained Dated signature
of Teacher
Process | Product Related Total
Related 10) (25)
s)
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Practical No. 25: Stepper Motor interfacing to 8051

I

I

Practical Significance

Stepper motors are commonly used in a wide range of applications such as robotics, CNC
machines, 3D printers, medical equipment, and automated manufacturing machinery where
precise speed control and accuracy are necessary. Stepper motors are controlled by
microcontrollers in areas such as computer peripherals, Business machines, process control
and for making robots. This practical will help the students to develop skills to interface
stepper motor to 8051 and rotate in clockwise direction at the given angles

Industry/Employer Expected Outcome(s)

Maintain microcontroller based systems.
Course Level Learning Outcome(s)

Maintain microcontroller based applications

IV  Laboratory Learning Outcome(s)

v

VI

Interface stepper motor to microcontroller and rotate in clockwise direction at the given angles

Relevant Affective Domain related outcome(s)
1. Follow safe practices.

2. Maintain tools and equipment.
3. Follow ethical practices.

Relevant Theoretical Background

Stepper motor converts electrical energy into precise mechanical motion. It rotates a
specific incremental distance per step. Every discrete step of a stepper motor is measured
in degree (it can be 1.8° or even smaller depending on the stepper motor type and stepping
technique).

Fig.25.1 Construction of stepper motor
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It works on the principle of electromagnetism. There is a magnetic rotor shaft of soft iron which is
surrounded by the electromagnetic stators. When the stators are energized the rotor moves to
align itself along with the stator (in case of a permanent magnet type stepper) or moves to have a
minimum gap with the stator (in case of variable reluctance stepper). In this way the stators are
energized in a sequence to rotate stepper motor

Generally, stepper motors are classified into two types according to windings as:

e Unipolar
e Bipolar

Coil end

Coil end

Common wire

Unipolar

Bipolar
stepper motor

stepper motor

T k]
(= [~
@ o
] Q
] Q

Coil end

Goil end

Coil end
Commen wire

Fig.25.2 Stepper motor types

The unipolar stepper motors, has one winding per phase, with a center tap. It has five or six wires
and four coils (actually two coils divided by center connections on each coil). The centre
connections of the coils are tied together and used as the power connection. They are called unipolar
stepper motors because power always comes in one pole.

The Bipolar stepper motor has four wires with no common center connection. It has two
independent sets of coils.

Step angle:

Step angle is defined as the minimum degree of rotation with a single step.
Number of steps per revolution = 360° / step angle

Steps per second = (RPM x steps per revolution) / 60

Table 18.1 Stepper Motor Step Angles

Step Angle Steps per revolution
0.72 500
1.8 200
2.0 180
2.5 144
5 72
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Switching Sequence of Motor:
As the coils need to be energized for the rotation. This can be done by sending a bits sequence to
one end of the coil while the other end is commonly connected. The bit sequence sent can make
either one phase ON or two phase ON for a full step sequence or it can be a combination of one

and two phase ON for half step sequence.

Full Step Sequence:
a) Wave Drive Stepping Mode (ONE PHASE ON )
Anti-
lockwi tep # inding A indine B - indine D
Clockwise Step Winding Winding Winding C | Winding Clockwise
1 1 0 0 0
¢ 2 0 1 0 0 T
3 0 0 1 0
4 0 0 0 1
b. Full Drive Stepping Mode (TWO PHASE ON)
Clockwise Step # | Winding A | Winding B | Winding C | Winding D Antl-
i indi indi indi indi
W P g g g g Clockwise
1 1 0 0 1
¢ 2 1 1 0 0 T
3 0 1 1 0
4 0 0 1 1
Half Step Sequence:

e Half Drive mode:

To allow for finer resolution, all stepper motors allow an 8-step switching sequence.

Clockwise Step Winding A | Winding B | Winding C | Winding D | Clockwise
1 1 0 0 1
2 1 0 0 0
3 1 1 0 0
4 0 1 0 0
5 0 1 1 0
6 0 0 1 0
7 0 0 1 1
8 0 0 0 1
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VII Practical Circuit diagram:

a) Sample circuit diagram

+5V
L +5V
vece < % 2 T
4.7k S4.7k 4.7k $4.7k .
i 1 Unipolar Stepper Motor
-PI.OL >
5
Atsscst [P >
P12 > r
C1 P13 ™
3.55; .]_ ” XTAL1 —
= il 000000
ﬁ!TH.ﬂmHHz SHikia =
a?w GND ULN2003 L]‘
+ +5V

Fig 25.3 8051 connection to stepper motor

b) Practical setup
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B
.
2.
@
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5®
6®
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L ]
d
d
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o
¢

Fig 25.4 Practical Setup
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c) Simulation diagram

U1
21 PooaDo xTAL14—12
387 Po.1/aD1
T Po2/aD2 5
28- Poziapa xTAL2 2
25~ Po.4/aD4
3 Pos/ADs
3" PoeiADs .

PO.7/ADT RST [— U2
21m 9
212 P20 ) COM |32 =
2 P2.1mo . i
22 P22m10 — labg 2= 26 = -
21 P2.3/A11 PSEN == =38 ac
2 P2am2 ALE [o27 5u| B i P
2821 P25/A13 EA 2L 258 e
28 05 iass =% oo

UNTPOLAR STEPPER MOTOR

0= Pa.0RXD P10 =1 q}JLszaA

P3.1/TXD P11
125 Pa2/NTO P12 o3
132 PaaNTe P13 (o4
4 Paamo P14 |22
152 PasT1 P18 o0
102 P36 P16 e

P3.7/RD P17

ATEOCS

Fig 25.5 Simulation diagram

d) Actual circuit used in laboratory
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e) Actual Experimental set up used in laboratory

VIII Required Resources/apparatus/equipment with specifications

IX

il;;. I/néf)rmug:)el:letn ts Specification Quantity

1. |Microcontroller kit Single board system with 8K RAM,ROM memory with 1 No.
battery backup,16X4,16X2LCD display, PC keyboard
interfacing facility, Hex keypad facility, single user cross
C-compiler,RS-232,USB, interfacing facility with built
in power supply.

2. | Desktop PC Loaded with open source IDE, simulation and program 1 No.
downloading software.

3. | Stepper Motor 1.8° Step angle, 50/100 RPM Stepper motor with NO.

Trainer ULN 2003/2803 Driver.

1) Ensure proper connection before turning ON power supply to the kit.
2) Always use driver circuit while interfacing stepper motor to microcontroller.
3) Check rules / syntax of assembly language programming.

Download hex code in EPROM/Flash memory of the microcontroller.
Interface stepper motor to microcontroller as per circuit diagram shown in fig 25.3

Precautions to be followed
Procedure
1. Write algorithm for given problem.
2. Draw flowchart for the same.
3.
relevant software tool.
4. Debug program on IDE.
5. Execute program on IDE.
6. Create hex file for the above program.
7.
8.
9.

Observe rotation of stepper motor and record in observation Table.

Develop assembly program using Integrated Development Environment (IDE) or any other
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E-Waste Management

If the IC is faulty then keep it in the proper e-waste bin.

i

and subsequently reducing e-waste

Identify pin configuration of the ICs and test the ICs on the IC tester.

If the IC is in OK condition, then mount it on breadboard or the trainer kit.
Utilize software-based simulations for training, decreasing the reliance on physical trainer kits

SAMPLE PROGRAM: Write a program to rotate stepper motor in clockwise direction by 360°

Assume step angle of 1.8°
Step 1-Algorithm

. Initialize the Port used to Interface stepper motor as an output port.
. Set register as counter R1=50 for 200 steps i.e. 360° rotation.

. Send first step sequence to stepper motor and add delay

. Send second step sequence to stepper motor and add delay

. Send third step sequence to stepper motor and add delay

. Send fourth step sequence to stepper motor and add delay

. Decrement counter and if count # 0, go to step 3

. Stop

[ BEN Mo NV, IE SIS IS B

Step 2-Flow Chart

I Initialize the Port 1 as an output port. ]

I Set counter R1=30 I
[

L 2
I Send first step sequence to stepper motor |

1

[ Call delay |

l Send second step sequence to stepper I

1

| Call delay |

1

I Send third step sequence to stepper motor ]

| Call delay |

Il

I Send fourth step sequence to stepper motor |

!

| Call delay |

l

| Decrement counter R1 I

Fig 25.6 Flowchart for stepper motor to rotate in clockwise direction by 360°
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Step 3-Assembly Language Program

11\;[3:1[:'22 Hex Code Label Mnemonics Comments
ORG 0000H
C:0x0000 7932 MOV R1,#50 : Load count =50 for 360° rotation
C:0x0002 759099 UP: | MOV P1,#99H ; Send first step sequence to Port 1
C:0x0005 111A ACALL DELAY | ; Call delay subroutine
C:0x0007 7590CC MOV P1#0CCH | ; Send second step sequence to Port 1
C:0x000A 11TA ACALL DELAY | ; Call delay subroutine
C:0x000C 759066 MOV P1 #66H ; Send third step sequence to Port 1
C:0x000F 111A ACALL DELAY | ; Call delay subroutine
C:0x0011 759033 MOV P1,#33H ; Send fourth step sequence to Port 1
C:0x0014 111A ACALL DELAY | ; Call delay subroutine
C:0x0016 DI9EA DIJNZ R1,UP ;Repeat 50 times
C:0x0018 80FE HERE: | SIMP HERE ;stop
C:0x001A 7BFF DELAY: | MOV R3,#255 | ;Delay subroutine
C:0x001C 7CFF L2: | MOV R4,#255
C:0x001E DCFE L1: | DJNZ R4,L1
C:0x0020 DBFA DINZ R3,L2
C:0x0022 22 RET
END
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Problem statement for student: Write a program to rotate stepper motor in clockwise direction by

180 Use Full step sequence

Step 1-Algorithm

Step 2-Flowchart
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Step 3- Assembly Language Program

Memory

Hex Code Label Mnemonics Comments
Address
X1 Resources used
Sr. Name of Resource Specifications Quantity

No.

XII  Actual Procedure Followed (use blank sheet provided if space not sufficient)

A R R
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XIII Observations sample program (use blank sheet provided if space not sufficient)

Port pin status (0/1)
Steps Step code

P13 | P1.2 | P1.1 | P1.0
Step 1
Step 2
Step 3
Step 4

XIV  Results (Output of the Program)

XV  Interpretation of Results (Give meaning of the above obtained results)

XVI Conclusions and Recommendation (Actions/decisions to be taken based on the
interpretation of results).

XVII Practical related questions
Note: Below given are few sample questions for reference. Teacher must design
more suchquestions so as to ensure the achievement of identifies CO.

1. Calculate no of steps to move stepper motor by 40 degree in clockwise direction if step angle
is 2 degree, steps per revolution =180.
2. A stepper motor has a step angle of 7.2 degrees. Calculate number of steps per revolution.

3. Give the 8-step sequence of a stepper motor if code start with 0010.
[Space for Answers]
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XVIII References/Suggestions for further reading

b S

XIX Assessment Scheme

https://www.monolithicpower.com/learning/resources/stepper-motors-basics-types-uses
https://www.portescap.com/en/products/stepper-motor-control
http://vlabs.iitkgp.ernet.in/rtes/exp10/index.html#
https://www.tutorialspoint.com/interfacing-stepper-motor-with-805 I microcontroller

Performance indicators Weightage

Process related: 15 Marks 60% (15)

1 | Use of IDE tools for programming 20%

2 | Coding and Debugging ability 30%

3 | Follow ethical practices. 10%
Product related: 10 Marks 40% (10)

4 | Correctness of algorithm/ Flow chart 20%

5 | Relevance of output of the problem definition 15%

6 | Timely Submission of report, Answer to sample questions 05%

Total 100 %(25)

Marks Obtained Dated signature
of Teacher
Process | Product Related Total
Related 10) (25)
as)
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Practical No. 26: Stepper Motor interfacing to 8051 for rotating anticlockwise

I Practical Significance

Stepper motors are commonly used in a wide range of applications such as robotics, CNC
machines, 3D printers, medical equipment, and automated manufacturing machinery where
precise speed control and accuracy are necessary. Stepper motors are controlled by
microcontrollers in areas such as computer peripherals, Business machines, process control
and for making robots. This practical will help the students to develop skills to interface
stepper motor to 8051 and rotate in clockwise direction at the given angles

I Industry/Employer Expected Outcome(s)
Maintain microcontroller based systems.

111 Course Level Learning Outcome(s)
Maintain microcontroller based applications

IV Laboratory Learning Outcome(s)
Interface stepper motor to microcontroller and rotate in anti-clockwise direction at the
given angles.

A% Relevant Affective Domain related outcome(s)
1. Follow safe practices.
2. Maintain tools and equipment.
3. Follow ethical practices.

VI Relevant Theoretical Background
Stepper motor converts electrical energy into precise mechanical motion. It rotates a

specific incremental distance per step. Every discrete step of a stepper motor is measured
in degree (it can be 1.8° or even smaller depending on the stepper motor type and stepping
technique).

Fig.26.1 Construction of stepper motor

It works on the principle of electromagnetism. There is a magnetic rotor shaft of soft iron which is
surrounded by the electromagnetic stators. When the stators are energized the rotor moves to
align itself along with the stator (in case of a permanent magnet type stepper) or moves to have a
minimum gap with the stator (in case of variable reluctance stepper). In this way the stators are
energized in a sequence to rotate stepper motor
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Generally, stepper motors are classified into two types according to windings as:

e Unipolar
e Bipolar

Coil end

Coil end

Common wire

Unipolar

Bipolar
stepper motor

stepper motor

k) b
= [~
© [
] s}
& o

Coil end

Goil end

Coil end
Common wire

Fig.26.2 Stepper motor types

The unipolar stepper motors, has one winding per phase, with a center tap. It has five or six wires
and four coils (actually two coils divided by center connections on each coil). The centre
connections of the coils are tied together and used as the power connection. They are called unipolar
stepper motors because power always comes in one pole.

The Bipolar stepper motor has four wires with no common center connection. It has two
independent sets of coils.

Step angle:

Step angle is defined as the minimum degree of rotation with a single step.
Number of steps per revolution = 360° / step angle

Steps per second = (RPM x steps per revolution) / 60

Table 26.1 Stepper Motor Step Angles

Step Angle Steps per revolution
0.72 500
1.8 200
2.0 180
2.5 144
5 72

Switching Sequence of Motor:

As the coils need to be energized for the rotation. This can be done by sending a bits sequence to
one end of the coil while the other end is commonly connected. The bit sequence sent can make
either one phase ON or two phase ON for a full step sequence or it can be a combination of one
and two phase ON for half step sequence.
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Full Step Sequence:
a) Wave Drive Stepping Mode (ONE PHASE ON )
Table 26.2 Wave Drive Stepping Mode (ONE PHASE ON )

. o o o Lo Anti-
Clockwise Step # | Winding A | Winding B | Winding C | Winding D Clockwise
1 1 0 0 0
e eee=esl,
3 0 0 1 0
4 0 0 0 1

b. Full Drive Stepping Mode (TWO PHASE ON)
Table 26.3 Wave Drive Stepping Mode (ONE PHASE ON )

. o o . .o Anti-
Clockwise Step # | Winding A | Winding B | Winding C | Winding D Clockwise
1 1 0 0 1
¢ ) 1 1 0 0 T
3 0 1 1 U
4 0 0 1 1

Half Step Sequence:

e Half Drive mode:

To allow for finer resolution, all stepper motors allow an 8-step switching sequence.
Table 26.4 8 Step Switching Sequence (ONE PHASE ON )

Clockwise Step Winding A | Winding B | Winding C | Winding D | Clockwise
1 1 0 0 1
2 1 0 0 0
3 1 1 0 0
4 0 1 0 0
5 0 1 1 0
6 0 0 1 0
7 0 0 1 1
8 0 0 0 1
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VII Practical Circuit diagram:

a) Sample circuit diagram

+5V

c1
1 XTALI
e | xa
£

J ]
ﬁszm Hz

XTAL2

v
33pF

AT89S51/
ATS89C51

GND

Fig 26.3 8051 connection to stepper motor

b) Practical setup

E

L8
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®

‘@]
e
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Fig 26.4 Practical Setup
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; Unipolar Stepper Motor
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c) Simulation diagram

U1
21 PooaDo xTAL14—12
387 Po.1/aD1
T Po2/aD2 5
28- Poziapa xTAL2 2
25~ Po.4/aD4
3 Pos/ADs
3" PoeiADs .

PO.7/ADT RST u2
21m 9
212 P20 ) COM |32 =
2 P2.1mo . i
22 P22m10 — labg 2= 26 = -
21 P2.3/A11 PSEN == =38 ac
e P24IA12 ALE =7 ] B B
2821 P25/A13 EA 2L 258 5c (12
28 25 7ats 1% 70 P

UNTPOLAR STEPPER MOTOR

0= Pa.0RXD P10 =1 q}JLszaA

P3.1/TXD P11
125 Pa2/NTO P12 o3
132 PaaNTe P13 (o4
4 Paamo P14 |22
152 PasT1 P18 o0
102 P36 P16 e

P3.7/RD P17

ATEOCS

Fig 26.5 Simulation diagram

d) Actual circuit used in laboratory
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e) Actual Experimental set up used in laboratory

VIII Required Resources/apparatus/equipment with specifications

;I;)'. I/néf;gg:)e;letn ts Specification Quantity

1. |Microcontroller kit Single board system with 8K RAM, ROM memory with 1 No.
battery backup,16X4,16X2LCD display, PC keyboard
interfacing facility, Hex keypad facility, single user cross
C-compiler, RS-232, USB, interfacing facility with built
in power supply.

2. | Desktop PC Loaded with open-source IDE, simulation and program 1 No.
downloading software.

3. | Stepper Motor 1.8° Step angle, 50/100 RPM Stepper motor with NO.

Trainer ULN 2003/2803 Driver.

IX

Precautions to be followed

1) Ensure proper connection before turning ON power supply to the kit.

2) Always use driver circuit while interfacing stepper motor to microcontroller.

W=

A e N

Procedure

3) Check rules / syntax of assembly language programming.

Write algorithm for given problem.
Draw flowchart for the same.
Develop assembly program using Integrated Development Environment (IDE) or any other
relevant software tool.

Debug program on IDE.

Execute program on IDE.

Create hex file for the above program.

Download hex code in EPROM/Flash memory of the microcontroller.

Interface stepper motor to microcontroller as per circuit diagram shown in fig 26.3
Observe rotation of stepper motor and record in observation Table.
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E-Waste Management

Identify pin configuration of the ICs and test the ICs on the IC tester.

If the IC is faulty then keep it in the proper e-waste bin.

If the IC is in OK condition, then mount it on breadboard or the trainer kit.

Utilize software-based simulations for training, decreasing the reliance on physical trainer kits
and subsequently reducing e-waste

el

SAMPLE PROGRAM: Write a program to rotate stepper motor in anti-clockwise direction by180°
Assume step angle of 1.8° Use half step sequence

Step 1-Algorithm

Make the Port used to Interface stepper motor as an output port.
Set register as counter R2 =25 for 100 steps i.e.180° rotation.
Set register as counter R3 = 8 for half step code

Initialize pointer to table which is in code memory i.e. DPTR.
Clear accumulator.

Read data from code memory.

Send code to stepper motor.

Increment DPTR to access next memory location code.
Decrement R3 and if R3 £ 0, go to step 5 else go to next.

10 Decrement R2 and if R2 # 0, go to step 3 else go to next.

11. Stop.

O 0N R W

Step 2-Flow Chart

Define the Port as an output port

-
| Set counter R2= 25 i.e. 180 rotation |
= '
| Set counter R3= 8 for half step code |

-
| Initialize DPTR to location |
&« .
| Clear Accumulator
v
| Read step code from memory into A register

-
I Send step code (o stepper motor l

| Wait for some time by adding Delay

-
| Increment DPTR

.

//FJ;crr:mcnl R3 Is 1"\::__’

— s
&“\-\h Counter R3=07 __—
/

\\/
O b4 YES
. 8 2,
/ -\
i Decrement R2 Is -
i
—_ Counter R2=07 s
NE T—~—u_— vEs
TR, RS
o — —
< STOP _7___:‘)

Fig 26.6 Flowchart for stepper motor to rotate in anti-clockwise direction by 180°
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Step 3-Assembly Language Program

Memory Hex

Address Code Label Mnemonics Comments
ORG 0000H
C:0x0000 759000 MOV P1,#00H ;Define port P1 as output port
C-0x0003 7A19 MOV R2.#25 ;Setoreglstf:r as counter of 25 for
180" rotation
C-0x0005 7B08 UPL: | MOV R348 ;set counter of 8 for half step code
sequence
C:0x0007 | 900200 MOV DPTR #4TABLE | ;108d address of program memory
into Data pointer
C:0x000A E4 UP: | CLR A :clear accumulator
C-0x000B 93 MOVC A,@A+DPTR ;read step code from memory into
accumulator
C:0x000C F590 MOV P1,A ;send step code to port
C:0x000E 1117 ACALL DELAY ;add delay
C:0x0010 A3 INC DPTR ;increment memory pointer to read
next step code
; decrement counter & jump to
C:0x0011 DBF7 DINZ R3,UP memory location labeled as UP if
not equal to zero.
; decrement counter & jump to
C:0x0013 DAFO DIJNZ R2,UP1 memory location labeled as UP1 if
not equal to zero.
C:0x0015 80FE HERE: | SIMP HERE swait
C:0x0017 7C64 DELAY: | MOV R4.#100 ;delay Subroutine
C:0x0019 7D19 L3: | MOV R5,#25
C:0x001B 7E19 L2: | MOV R6,#25
C:0x001D DEFE L1: | DINZ R6,L1
C:0x001F DDFA DINZ R5,L2
C:0x0021 DCF6 DINZ R4,L3
C:0x0023 22 RET
ORG 0050H
DB 01H,03H,02H, .St de stored at cod
C:0x0050 TABLE: | 06H, 04H, OCH,08H, |’ >'°P c0ce Storec at cote Memory
09H starting at location 0050H onward.
END
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Problem statement for student: Write a program to rotate stepper motor in anti-clockwise direction
by 360% Use full step sequence. Assume step angle of 1.8°

Step 1-Algorithm

Step 2-Flowchart
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Step 3- Assembly Language Program

Memory Hex Code Label Mnemonics Comments
Address

XI Resources used

Sr. Name of Resource Specifications Quantity
No.
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XII  Actual Procedure Followed (use blank sheet provided if space not sufficient)

e A o R

XIII Observations for sample Program (use blank sheet provided if space not sufficient)

Steps

Step code

Port pin status (0/1)

P1.3| P1.2 | P1.1 | P1.0

Step 1

Step 2

Step 3

Step 4

Step 5§

Step 6

Step 7

Step 8

XIV  Results (Output of the Program)

XV  Interpretation of Results (Give meaning of the above obtained results)
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XVI Conclusions and Recommendation (Actions/decisions to be taken based on the
interpretation of results).

XVII Practical related questions
Note: Below given are few sample questions for reference. Teacher must design
more suchquestions so as to ensure the achievement of identifies CO.
1. If a stepper motor takes 90 steps to make one complete revolution, calculate the step angle
for this motor.
2. Write specifications of stepper motor used in the lab.

[Space for Answers]
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XVIII References/Suggestions for further reading

https://www.portescap.com/en/products/stepper-motor-control
http://vlabs.iitkgp.ernet.in/rtes/exp10/index.html#

b=

XIX Assessment Scheme

https://www.monolithicpower.com/learning/resources/stepper-motors-basics-types-uses

https://www.tutorialspoint.com/interfacing-stepper-motor-with-805 I microcontroller

Performance indicators Weightage

Process related: 15 Marks 60% (15)

1 | Use of IDE tools for programming 20%

2 | Coding and Debugging ability 30%

3 | Follow ethical practices. 10%
Product related: 10 Marks 40% (10)

4 | Correctness of algorithm/ Flow chart 20%

5 | Relevance of output of the problem definition 15%

6 | Timely Submission of report, Answer to sample questions 05%

Total 100 %(25)

15)

Marks Obtained Dated signature
of Teacher
Process | Product Related Total
Related 10) (25)
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Practical No. 27: Water Level Controller using 8051

I Practical Significance

The control of water levels is critical in various environmental and industrial contexts. Water
level control is essential for flood control, water supply management, ecosystem stability,
energy production, climate resilience, infrastructure protection, and navigational safety. This
practical will help the students to develop water level controller using 8051 and display the
status of Water tank on LCD.

II Industry/Employer expected outcome(s)
Maintain microcontroller-based systems.

III Course Level Learning Outcome(s)

Maintain microcontroller-based applications.

IV Laboratory Learning Outcome(s)

Design water level controller using any suitable open-source simulation software to detect
and control the water level in a tank.

V Relevant Affective domain related Outcome(s)
Follow ethical practices.

VI Relevant Theoretical Background

Sensors are crucial for measuring water levels accurately. Ultrasonic, capacitive, and float sensors
provide the necessary data for system adjustments. Advanced control systems utilize automation and
robotics to operate gates, pumps, and valves, ensuring optimal water levels without human intervention.
Thus, the water level controllers integrate control theory, sensor technology, hydraulic modeling,
automation, mechanical engineering, communication technologies, and feedback mechanisms to
maintain desired water levels efficiently.

Water level control system utilizes sensors to determine the water level in the tank which provides the
real time value to the microcontroller 8051 which compares with the set value and takes decision
whether to turn off the motor or keep it on which controls the water level in the tank and also
displays the status of water level on LCD display.

_ . ON ~

{ Analog to Digital ~| Micrecontroller | !-'/E:'I_utcnf !

i converter | SDSJ' ‘ II'\‘-H- /I
- OFF ™~

Sensor |
{
Water Tank

Fig 27.1 Water Level Controller basic block diagram
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VII Actual Circuit Diagram used in laboratory

a) Simulation Diagram:

Fig 27.1: Simulation Diégra

b) Simulation Diagram used:

S

m
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VIII Resources Required

1§If).. /(Ijl(l)slg.;;?liﬁts Specification Quantity
1 | Microcontroller | Single board systems with 8K RAM, ROM 1 No.
kit memory with battery backup,16X4,16X2LCD
display, PC keyboard interfacing facility, Hex
keypad facility, single user cross c-compiler, RS-
232, USB, interfacing facility with built in power
supply.
2 | Desktop PC Loaded with open-source IDE, simulation and 1 No.
program downloading software
3 | Resistor 10 Kilo Ohms 1No.
4. | Liquid Crystal | 16 x 2 LCD 1 No.
Display
5. | Simple DC | Nominal Voltage 12V, Load Resistance 12 Ohms | 1No.
Motor

IX Precautions to be Followed

1.
2.

Check rules / syntax of assembly programming.
Operate DAC chip as per specifications given in the datasheet otherwise damage may
occur to the device.

X Procedure

bk w =

*

8.

9.

Write Program

Start Keil by double clicking on Keil icon.

Create a new project.

Select device for Target.

Double click on ATMEL and select AT89CS51.

Type the program in text editor and save as filename.asm extension.
Compile the Program

Right click on source group and build the target.

Check for any errors in the output window and remove if any.
Run, Debug the Program

Click on Debug and start simulation and start/stop debug session.
Run the program step by step.

10. Observe the output on the project window.
11. Note the values of the result of various operations in the observation table.

E-Waste Management

1.

Identify pin configuration of the ICs and test the ICs on the IC tester.

2. If the IC is faulty then keep it in the proper e-waste bin.
3.
4. Utilize software-based simulations for training, decreasing the reliance on physical

If the IC is in OK condition, then mount it on breadboard or the trainer kit.

trainer kits and subsequently reducing e-waste
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SAMPLE PROGRAM 1: Write a program to detect and control the water level in tank and

display the status on LCD.

STEP1- Algorithm

. Configure the Port 0 and Port 2 as an output port.

. Configure Port 3 pin 5 as output port pin to make the motor ON and OFF.

. Configure Port 3 pin 3.0 to pin 3.3 as input pins to sense the status of Water level in tank.
. Determine the water level by reading status of sensors connected.

. Else keep the motor ON and display the status on LCD.
Repeat the process by going back to step 4.

tep 2-Flow Chart

1
2
3
4
5. If water tank is full then turn off the motor and display full on LCD.
6
7
S

START
/ Initialize Port 0 and Port 2 as output port /
b
/ Initialize Port 3 pin 5 as output pin to turn Motor ON and OFF

b 4

Connect Sensors to Port 3 pins from P3.0 to P3.3 to determine Level of water

l

Checl the water level in the water tank

Turn OFF the Motor and
Display Full on LCD

Fig 27.2 Flowchart for Water Level Controller

i N

Keep the Motor ON and

Display the status on LCD

Step 3-Assembly Language Program

lxlggizg gﬁfe Label Mnemonics Comments
RS BIT P1.0
RW BIT P1.1
E BIT P1.2
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IXISE;_ZZZ g) e;;(e Label Mnemonics Comments
ORG 0000H

C:0X0000 | 30BOOE CHECK: | JNB P3.0, LCDDISPLAY Svl:k the status of water
C:0X0003 | 30B10B INB P3.1, LCDDISPLAY S;Z‘;k the status of water
C:0X0006 | C285 CLR P3.5

C:0X0008 | 30B206 IJNB P3.2, LCD DISPLAY S;Z‘fk the status of water
C:0X000B | D2B5 SETB P3.5

C:0X000D 1111 ACALL LCD DISPLAY

C:0X000F |  80EF SIMP CHECK

C:0X0011|  C290 | LCDDISPLAY: | CLR RS

C:0X0013 | €291 CLR RW

C:0X0015 |  C292 CLRE

C:0X0017 | 7438 MOV A, #38H Initialize LCD
C:0X0019 1162 ACALL LCDCMD

C:0X001B | 117C ACALL DELAY

C:0X001D | 740E MOV A, #0EH

C:0X001F 1162 ACALL LCDCMD

C:0X0021 | 117C ACALL DELAY

C:0X0023 | 7406 MOV A, #06H

C:0X0025 1162 ACALL LCDCMD

C:0X0027 | 117C ACALL DELAY

C:0X0029 | 7401 MOV A, #01H

C:0X002B 1162 ACALL LCDCMD

C:0X002D | 117C ACALL DELAY

C:0X002F | 7480 MOV A, #80H

C:0X0031 1162 ACALL LCDCMD

C:0X0033 | 117C ACALL DELAY

C:0X0035 | 30B008 INB P3.0, F_DISPLAY

C:0X0038 | 30BIOF INB P3.1, H DISPLAY

C:0X003B | 30B214 INB P32, Q_DISPLAY

C:0X003E | 115A ACALL E_DISPLAY

C:0X0040 | 7446 | F _DISPLAY: | MOV A, # “F” Display Tank Full
C:0X0042 1164 ACALL LCDDATA Qall Subroutine for LCD

display

C:0X0044 | 117C ACALL DELAY Call Delay

C:0X0046 | C2B5 CLR P35

C:0X0048 |  80B6 SJIMP CHECK

C:0X004A 7448 H_DISPLAY: | MOV A, #“H” Display Tank Half Full
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lxlggxg g) e;;(e Label Mnemonics Comments
C:0X004C 116F ACALL LCDDATA Cgll Subroutine for LCD
display
C:0X004E 117C ACALL DELAY Call Delay
C:0X0050 80AE SIMP CHECK
C:0X0052 7451 Q_DISPLAY: | MOV A, # “Q” Display Tank Quarter Full
C:0X0054 116F ACALL LCDDATA Call Subroutine for LCD
display
C:0X0056 117C ACALL DELAY Call Delay
C:0X0058 80A6 SIMP CHECK
C:0X005A 7445 E_DISPLAY: | MOV A, #“E” Display Tank Empty
C:0X005C 116F ACALL LCDDATA C.all Subroutine for LCD
display
C:0X005E 117C ACALL DELAY Call Delay
C:0X0060 809E SIMP CHECK
C:0X0062 C290 LCDCMD: | CLR RS Subroutine for LCD
Commands
C:0X0064 C291 CLR RW
C:0X0066 F5A0 MOV P2, A
C:0X0068 D292 SETB E
C:0X006A 117C ACALL DELAY
C:0X006C C292 CLRE
C:0X006E 22 RET
C:0X006F D290 LCDDATA: | SETB RS S}lbroutine for LCD data
display
C:0X0071 C291 CLR RW
C:0X0073 F5A0 MOV P2, A
C:0X0075 D292 SETB E
C:0X0077 117C ACALL DELAY
C:0X0079 C292 CLRE
C:0X007B 22 RET
C:0X007C A8FF DELAY: | MOV RO, #FFH Delay Subroutine
C:0X007E 79FF BACKI1: | MOV R1, #FFH
C:0X0080 DI9FE HERE: | DINZ R1, HERE
C:0X0082 DSFA DJNZ RO, BACK1
C:0X0084 22 RET

END
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XI Resources Used:

S. No. | Instrument /Components Specification Quantity
1.
2.
3.
XII  Actual Procedure Followed (use blank sheet provided if space not sufficient)

XIII Observations for sample program

Switch

Switch Status

LCD Display

1

2
3
4

XIV Results (Output of the Program)
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XVlInterpretation of Results (Give meaning of the above obtained results)

XVI Conclusions and Recommendation (Actions/decisions to be taken based on the
interpretation of results).

XVII Practical Related Questions
Note: Below given are few sample questions for reference. Teacher must design more
such questions so as to ensure the achievement of identified CO
a) List different types of sensors used to determine the liquid level.

b) List the sensors used in determining the level of corrosive liquid.

¢) Give the principle of operation of any one liquid level sensor.

d) Justify the need of Analog to Digital [ADC] converter in designing water level
controller.

[Space for Answers]
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XVIII References / Suggestions for further reading

1.
2.
3.

XIX Assessment Scheme
The given performance indicators should serve as a guideline for assessment regarding process
and product related marks:

https://www.electronicshub.org/water-level-controller-using-8051-microcontroller/
https://www.circuitstoday.com/water-level-controller-using-8051
https://www.electronicsforu.com/electronics-projects/hardware-diy/water-level-
controller-cum-motor-protector

Performance indicators Weightage
Process related: 15 Marks 60% (15)
1 | Use of IDE tools for programming 20%
2 | Coding and Debugging ability 30%
3 | Follow ethical practices. 10%
Product related: 10 Marks 40% (10)
4 | Correctness of algorithm/ Flow chart 20%
5 | Relevance of output of the problem definition 15%
6 | Timely Submission of report, Answer to sample questions 05%
Total 100 % (25)
Marks Obtained Dated signature
of Teacher
Process | Product Related Total
Related 10) (25)
as
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Practical No. 28: Temperature Sensor interfacing to detect and measure
temperature

I Practical Significance

The measurement of temperature by using appropriate sensors and controllers is not only
important in environmental or weather monitoring but also crucial for many industrial
processes. Usually, a temperature sensor converts the temperature into an equivalent
voltage output. IC LM35 is such a sensor. This practical will help the students to develop
skills to interface temperature sensor to the microcontroller, read temperature and display
its value on LCD.

I Industry/Employer Expected Outcome(s)
Maintain microcontroller based systems.

111 Course Level Learning Outcome(s)
Maintain microcontroller based applications

IV Laboratory Learning Outcome(s)
Interface temperature sensor LM35 to 8051 to read temperature, convert it to decimal
and send the value to Port 0 with some delay

A% Relevant Affective Domain related outcome(s)
1. Follow safe practices.
2. Maintain tools and equipment.
3. Follow ethical practices.

VI Relevant Theoretical Background

LM 35 ADC = Micrcontroller = lex2

Fig.28.1 Temperature monitoring system
LLM35 Temperature Sensor:

The LM35 series are precision integrated-circuit analog temperature sensor with an output voltage
linearly proportional to the Centigrade temperature around it. It is a small and cheap IC which can
be used to measure temperature anywhere between -55°C to 150°C. The LM35 comes already
calibrated hence requires no external calibration.
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LM3S5 Features:
1. Calibrated Directly in Celsius (Centigrade)
2. Operates From 4 V to 30 V. Typically 5V.
3. Can measure temperature ranging from -55°C to 150°C
4. Output voltage is directly proportional (Linear) to temperature
5. #0.5°C Accuracy
+Vy
~ (4Vto20V)
o LM35
L2 3 LM3as - OUTRUT
r 0mV + 10.0 mv/*C GND - Ground

Fig.28.2 Pin Diagram of LM35
Pin description:

Pin Pin Name Description
Number
1 Vs Input voltage is +5V for typical applications
2 Analog Out | There will be increase in 10mV for raise of every 1°C.
3 Ground Connected to ground of circuit

Temperature to voltage conversion:

Vour=10mV /°C x T
T = Vour/ 10 mV(milliVolt)
Where Vout = LM35 output voltage, T = Temperature sensed in centigrade

This means at 100°C, Vout = 10 mV x 100 = 1000 mV = 1Volt

ADCO0808:

An analog-to-digital converter, or simply ADC, is a semiconductor device that is used to convert
an analog signal into a digital code. An analog signal is a signal that may assume any value within
a continuous range. Examples of analog signals commonly encountered every day are sound, light,
temperature, and pressure, all of which may be represented electrically by an analog voltage or
current.
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Specifications ADC0808 Chip ADCO0808 Analog signal selection:
1. Resolution -8 Bits
2. Input Channels- 8 Analog Channel CB A
3. Single Supply- 5VDC INO 000
4. Low Power- 15mW IN1 001
5. Conversion Time -100ps IN2 010
6. The clock frequency range of ADC is 10 KHz to IN3 011
1280 KHz. IN4 100
7. Typically 680 kHz used. igg } } (1)
8. Low power consumption N7 L1
ADCO0808 Pin diagram:
IN3 1 2B IN2
INg — 2 27 §—INI ‘2:;::”@ '
INS —3{ 3 26 k—INO - Inpuﬁ . DD,
IN6 =94 & 25fA % Digital
INT —¥ 5 ®  24kB A.B,C = Output
SCo{s ¥ ak-cC Channel o
EOC4{7 £ 22K—ALE selection 2
D,¢A8 & 21(>D,(MSD) ALE — g ~» EOC
QFE —H 9 g 20D, . =
cLock =10 2 19D, SCy & E:OE
1|||r“; Hl I 18 —}D. CLOCHK —» “ ‘l'lrf_':_'
Vo (9 =12 17D, (LSD) Vo (]
GND €13 16 J—= Vopl-) v“'{ Ly GND
D, <414 15|50, url ==

LSD = Least Significant Digit, MSD = Most Significant Digit

Fig 28.3 ADC 0808 Pin diagram
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Table 28. 1: ADC 0808 Pin functions

Signals - Description
INO-INT Eight single ended analog input to ADC.
A,B,C 3-bit binary input to select one of the eight analog signals for conversion at
any one time.
ALE Address latch enable. Used to latch the 3-bit address input to an internal latch.
sC Start of conversion pulse input. To start ADC proéws this‘:.iignal should be

asserted high and then low. This signal should remain high for atleast 100ns.
CLOCK Clock input and the frequency of clock can be in the range of 10 kHz to

) 1280 kHz. Typical clock input is- 640 kH=.

WVapel 0V ] Reference voltage input. The positive reference voltage can be less than or
equal to V__ and thc negative reference vo]tage can be greater than or equal to

ground. -
DD, The 8-bit digital output. The reference voltages will decide the mapping of .. ]
- analog input to digital data. ]
EOC End of conversion. This signal is asserted high by the ADC to indicate the
end of conversion process and it can be used as interrupt signal to processos
OE Output buffer Enable. This signal is used to read the digital data from output
buffer after a valid EQC. )
v - Power supply, +5V
GND Power supply ground, OV

VII Practical Circuit diagram:

a) Sample circuit diagram

RP1
e -

e
s ] Q‘\_ 454 28, sagsssssk

A o4 ol el el o
Rv2 []
1
2580 AT89C51
T bt Poang [
3 POLADT
Fo2AD2
1 2] mery oefE Lz POBAD3
VREF) Po4AD8
5 FOSADS
ME aure POBADE
e aurr £ Rst FO7ADT
L2 aoos aure
L2 aopa aurs P2omg |21
i aurs r2 g —2—
2w ours o Pozig 2 —
e L 2 Fm Faaii (2
= am e LA
S =2 - AdE PLEATS
P e = PaBiAa [t
Foa i 2 Faras [
S i
] e il PR
e T 2 P11 P4
Apche. 2 P12 PARNITD (—
P13 PAAETT
= Pra PaaT0
P15 Fa5Tt
F1a FETR
P17 P27
ATHRCET
L

QUL

Fig 28.4 8051 connection to ADC and LM35
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b) Simulation diagram

LCD1
LMO16L
RP1
RESPACK-E
| Rva) 3 “
favoim] EIEECEEREE B 38Y pi. samsasas
| ._|=i= T Bg
L]
RV2
=
10K
Sapann ATEICS1 .
-~ L Poaaoo [
U3 g;’:g; [537
1 :5' VREF() o |2 RN AT FO3AD %
VREF(s) PO4ADS [
POSADS [+
o 7 o
s ampn o B
28] aooe oure (12
L22%] sooa outs P2oms 2l
ouT4 #2 140 [
w o e i 2210 [ —d
= e ozt L e P2YAT! [
=R NS ourt CFIN— ‘”T ALE PRAAIZ TZL'_
— om0 = L E P28 2
=™ £0C P28AI
N2 PLTIMS ==
e START |
21 m — L eio Faoro =1
2 it PAATID
J_ o] ez PRZINTO 2
P13 P33ANT1
= Fie 3470 [
B ) Pasm 2L
Pig PIOWR '—’
P17 PFATIRD f——
by ATSCH
L
clock.
AL

Fig 28.5 Simulation diagram

¢) Actual circuit used in laboratory
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VIII Required Resources/apparatus/equipment with specifications

IX

Sr. No.

Instrument
/Components

with battery backup,16X4,16X2L.CD display, PC
keyboard interfacing facility, Hex keypad facility,
single user cross  C-compiler,RS-232,USB,
interfacing facility with built in power supply.

program downloading software.

board

sensor

Precautions to be followed

1y

2)
3)
4)

Care should be taken while operating LM 35 as it is rated to operate over —55°C to 150°C
temperature range

Refer datasheet for to provide clock frequency to ADC 0808 chip.

Care must be taken while taking observations during power up.

Check rules / syntax of assembly language programming.

Procedure

el S e

NNk

Write algorithm for given problem.

Draw flowchart for the same.

Develop assembly program using Integrated Development Environment (IDE) or
any other relevant software tool.

Debug program on IDE.

Execute program on IDE.

Create hex file for the above program.

Download hex code in EPROM/Flash memory of the microcontroller.

Interface LM 35 to ADC 0808 IC and connect ADC output and LCD display to the
microcontroller as per circuit diagram shown in fig 28.4

Vary temperature of LM 35 and observe ADC output on LCD display.
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Specification Quantity

Microcontroller kit Single board system with 8K RAM,ROM memory 1 No.

Desktop PC Loaded with open source IDE, simulation and 1 No.

ADC (0808) trainer | Suitable to interface 8051 board. 1 No.

LM 35 Temperature Suitable to interface ADC 0808 1 No.
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E-Waste Management
1.

Identify pin configuration of the ICs and test the ICs on the IC tester.

2. If the IC is faulty then keep it in the proper e-waste bin.
3.
4. Utilize software-based simulations for training, decreasing the reliance on physical trainer

If the IC is in OK condition, then mount it on breadboard or the trainer kit.

kits and subsequently reducing e-waste

SAMPLE PROGRAM: Write a program to read the temperature, convert it to decimal and
display on LCD

Step 1-Algorithm

1.

2.

6.

Define control signals RS, RW and EN for LCD and initialize LCD by sending
commands.

Select an analog channel by providing bits to A, B, and C addresses according to the
analog signal selection table.

Activate the ALE (address latch enable) pin.

Activate SC (start conversion) to initiate conversion.

Monitor EOC (end of conversion) to see whether conversion is finished. H-to-L output
indicates that the data is converted and is ready to be picked up. If we do not use EOC,
we can read the converted digital data after a brief time delay. The delay size depends on
the speed of the external clock we connect to the CLK pin.

Activate OE (output enable) to read data out of the ADC chip.

Note: In ADCO0808 that there is no self-clocking and the clock must be provided from an
external source to the CLK pin. Although the speed of conversion depends on the frequency
of the clock connected to the CLK pin, it cannot be faster than 100 microseconds.
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Step 2-Flow Chart

C START _:j>
S

| initialize LCD |

| Drefine LCDY port as output port |

| MDetime A TH T Port Pran as s empuod ot |
BHet EORC prinm as inpsust |

Clear ALE. SC. OE |

+
| Select channel I

+

BHLArt Conve rsion |

+

BAonitor end of conversion signal |

| Fead ADC output

| comrvert Hex to Decimal |

| Convert Decimal to ASCIT |
%
[ Ddisplasy temperatre on LOCT»
I

o e

Fig 28.6 Flowchart for temperature measurement

Step 3-Assembly Language Program

Memory Hex

Address Code Label Mnemonics

Comments

RS EQU P3.3

RW EQU P3.4

EN EQU P3.5

ALE BIT P2.0

SCBIT P2.1

EOC BIT P2.2

OE BIT P2.3
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IXIS(IE‘ZISZ g) e:;(e Label Mnemonics Comments
ADDR_A BIT P24
ADDR_B BIT P2.5
ADDR_C BIT P2.6
ORG 0000H
C:0x0000 758000 MOV P0,#00H ;make PO as output
C:0x0003 1163 BACK: | ACALL LCD
C:0x0005 7590FF MOV P1,#0FFH ;make P1 as input
C:0x0008 D2A6 SETB EOC ;make EOC an input
C:0x000A | C2A4 CLR ALE ;clear ALE
C:0x000C C2A3 CLR SC ;clear WR
C:0x000E C2A5 CLR OE ;clear RD
C:0x0010 C2A2 CLR ADDR_C ;C=0
C:0x0012 | C2Al CLRADDR_B ;B=0
C:0x0014 | C2A0 CLR ADDR_A :A=0 (select channel 0)
C:0x0016 D2A4 SETB ALE ;latch address
C:0x0018 1131 ACALL DELAY
C:0x001A D2A3 SETB SC ;start conversion
C:0x001C 1131 ACALL DELAY
C:0x001E C2A4 CLR ALE
C:0x0020 C2A3 CLR SC
C:0x0022 | 20A6FD HERE: | JB EOC,HERE ;wait
C:0x0025 | 30A6FD HEREI1: | JNB EOC,HERE1
C:0x0028 D2AS5 SETB OE
C:0x002A 1131 ACALL DELAY
C:0x002C E590 MOV A,P1 ;Read ADC data
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IXIS(IE,ZISZ g) e:;(e Label Mnemonics Comments
C:0x002E C2A5 CLR OE

C:0x0030 1143 ACALL CONV :call hex to ASCII
C:0x0032 1158 ACALL WRITETMP | ; display temperature
C:0x0034 80CD SIMP BACK

C:0x0036 7B19 DELAY: | MOV R3#25 ;Delay Subroutine
C:0x0038 7C64 L3: | MOV R4#100

C:0x003A 7D64 L2: | MOV R5#100

C:0x003C DDFE L1: | DINZ R5,L1

C:0x003E DCFA DINZ R4,1L2

C:0x0040 DBF6 DINZ R3,L3

C:0x0042 22 RET

C:0x0043 | 75F00A cony: | MOV B#10 . HEX to ASCII conversion
C:0x0046 34 DIV AB

C:0x0047 AFEO MOV R7.B

C:0x0049 75F00A MOV B #10

C:0x004C 24 DIV AB

C:0x004D AEFO MOV R6,B

C:0x004F EE MOV AR6

C:0x0050 2430 ADD A #30H

C:0x0052 FE MOV R6,A

C:0x0053 EF MOV A,R7

C:0x0054 2430 ADD A #30H

C:0x0056 FF MOV R7,A
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IXIS(IE.ZISZ (I;) e:;(e Label Mnemonics Comments
C:0x0057 22 RET

C:0x0058 EE MOV AR6

C:0x0059 | 119E ACALL LCDWRITE
C:0x005B EF MOV A.R7
C:0x005C | 119E ACALL LCDWRITE
C:0x005E | 7443 MOV A#C'
C-0x0060 | 119E ACALL LCDWRITE
C:0x0062 22 RET

C:0x0063 | 117C LCD: | ACALL LCD_INIT
C:0x0065 | 9000AB MOV DPTR, #MSG
C:0x0068 | -, MOV R2, #12
C:0x006A B UP:CLR A

C:0x006B 03 MOVC A,@A+DPTR
C:0x006C | | 0p ACALL LCDWRITE
C:0x006E 3 INC DPTR
C:0x006F DAF9 DJNZ R2, UP
C:0x0071 22 RET

C:0x0072 7438 LCD_INIT: MOV A, #38H :LCD initialization
C:0x0074 1191 ACALL CMD
C:0x0076 740E MOV A, #OEH
C:0x0078 1191 ACALL CMD
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IXIS(IE,ZISZ g) e:;(e Label Mnemonics Comments
C:0x007A 7401 MOV A, #01H

C:0x007C 1191 ACALL CMD

C:0x007E 7406 MOV A, #06H

C:0x0080 1191 ACALL CMD

C:0x0082 7430 MOV A, #80H

C:0x0084 1191 ACALL CMD

C:0x0086 o) RET

C:0x0087 F580 CMD: MOV PO, A :LCD Command subroutine
C:0x0089 COB3 CLR RS

C:0x008B CoBA4 CLR RW

C:0x008D D2B5 SETB EN

C:0x008F COB5 CLR EN

C:0x0091 1136 ACALL DELAY

C:0x0093 22 RET

C:0x0094 F580 LCDWRITE: | MOV PO, A ;LCD data subroutine
C:0x0096 | D2B3 SETB RS

C:0x0098 CoB4 CLR RW

C:0x009A D2B5 SETB EN

C:0x009C COBS CLR EN

C:0x009E 1136 ACALL DELAY

Maharashtra State Board of Technical Education ‘K-Scheme’

308




Microcontroller & Applications (314340)

Memory Hex .
Address Code Label Mnemonics Comments
C:0x00A0 2 RET
DB
MSG: | "TEMPERATURE:"
END
XI Resources Used
S. No. [Instrument /Components Specification Quantity
1.
2.
3.

XII  Actual Procedure Followed (use blank sheet provided if space not sufficient)

Nk w

XIIT Observations for sample Program (use blank sheet provided if space not sufficient)

ADC input Voltage |Temperature displayed
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XIV  Results (Output of the Program)

XV  Interpretation of Results (Give meaning of the above obtained results)

XVI Conclusions and Recommendation (Actions/decisions to be taken based on the
interpretation of results).

XVII Practical related questions
Note: Below given are few sample questions for reference. Teacher must
design more suchquestions so as to ensure the achievement of identifies CO.
1. If output voltage of LM 35 sensor is 0.5V, then determine the Temperature detected.
2. If Vref pin is connected to 2.56V then calculate the step size of ADC0808.

[Space for Answers]
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XVIII References/Suggestions for further reading

https://www.ti.com/product/LM35
https://bravelearn.com/interface-lm35-temperature-sensor-with-8051-at89¢c51/
https://www .electronicshub.org/digital-temperature-sensor-circuit/
https://www.youtube.com/watch?v=S5IBc_epal A
https://circuitdigest.com/microcontroller-projects/interfacing-adc0808-with-8051-
microcontroller

Nk WD =

Maharashtra State Board of Technical Education ‘K-Scheme’
311



Microcontroller & Applications (314340)

XIX Assessment Scheme

Performance indicators

Weightage
Process related: 15 Marks 60% (15)
1 | Use of IDE tools for programming 20%
2 | Coding and Debugging ability 30%
3 | Follow ethical practices. 10%
Product related: 10 Marks 40% (10)
4 | Correctness of algorithm/ Flow chart 20%
5 | Relevance of output of the problem definition 15%
6 | Timely Submission of report, Answer to sample questions 05%
Total 100 %(25)

as)

Marks Obtained Dated signature
of Teacher
Process | Product Related Total
Related (10) (25)
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