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Abstract

* The basic idea of this report is to describe the components used for making a basic calculator.

This report will have in understanding the process of interfacing of LCD and Keypad with the

microcontrolller.

In this report we have discussed about in brief the circuit being implemented and the
speciﬁcations of certain components. It will also cover in brief the softwares being used as well

the process of Etching and PCB design.

After implementing the ciruit, we also discuss the ways to improve the output of the circuit.
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1. Introduction

We have made a calculator using 8051 microcontroller which performs basic arithmatic
operations namely addition, subtration, multiplication and division. Here, we accept the input
in the hexadecimal form via a 4*4 keypad. This hexadecimal input is then converted to binary
number system in the microcontroller. Then, the required operation is performed on the
inputs. Finally, the binary result is then converted to the decimal number system and
displayed on the LCD that is interfaced with the microcontroller.
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2. Components
For implementing the hexadecimal calculator, we have used:

i) 8051 microcontroller
i) 4*4 keypad
iii) 16*¥2 LCD

2.1.8051 Microcontroller

The Intel 8051 microcontroller is one of the most popular general purpose
microcontrollers in use today. The success of the Intel 8051 spawned a number of clones which
are collectively referred to as the MCS-51 family of microcontrollers, which includes chips from
vendors such as Atmel, Philips, Infineon, and Texas Instruments.

Some of the features that have made the 8051 popular are:
e 4 KB on chip program memory.
e 128 bytes on chip data memory(RAM)
e 4 register banks.
o 128 user defined software flags.
e 8-bit data bus
e 16-bit address bus
e 16 bit timers (usually 2, but may have more, or less).
e 3internal and 2 external interrupts.
e Bit as well as byte addressable RAM area of 16 bytes.
e Four 8-bit ports, (short models have two 8-bit ports).
e ]6-bit program counter and data pointer.
e | Microsecond instruction cycle with 12 MHz Crystal.
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2.1.1. Pins Description:

Pins 1-8: Port 1 Each of these pins can be configured as an input or an output.

Pin 9: RS A logic one on this pin disables the microcontroller and clears the contents of most
registers. In other words, the positive voltage on this pin resets the microcontroller. By applying
logic zero to this pin, the program starts execution from the beginning.

Pins10-17: Port 3 Similar to port 1, each of these pins can serve as general input or output.
Besides, all of them have alternative functions:

Pin 10: RXD Serial asynchronous communication input or Serial synchronous communication
output.

Pin 11: TXD Serial asynchronous communication output or Serial synchronous communication
clock output.

Pin 12: INTO Interrupt O input.

Pin 13: INT1 Interrupt 1 input.

Pin 14: TO Counter 0 clock input.

Pin 15: T1 Counter 1 clock input.

Pin 16: WR Write to external (additional) RAM.
Pin 17: RD Read from external RAM.

Pin 18, 19: X2, X1 Internal oscillator input and output. A quartz crystal which specifies operating
frequency is usually connected to these pins. Instead of it, miniature ceramics resonators can also
be used for frequency stability. Later versions of microcontrollers operate at a frequency of 0 Hz
up to over 50 Hz.

Pin 20: GND Ground.

Pin 21-28: Port 2 If there is no intention to use external memory then these port pins are
configured as general inputs/outputs. In case external memory is used, the higher address byte,

3
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i.e. addresses A8-A15 will appear on this port. Even though memory with capacity of 64Kb is not
used, which means that not all eight port bits are used for its addressing, the rest of them are not
available as inputs/outputs.

Pin 29: PSEN If external ROM is used for storing program then a logic zero (0) appears on it
every time the microcontroller reads a byte from memory.

Figure 2: Pin diagram of 8051

Pin 30: ALE Prior to reading from external memory, : e -
0 — G
the. microcontroller puts the lower address byte (AO- B _,é ;g | FanaDn
A7) on PO and activates the ALE output. After P12 3 38 F—Fi lAD1
receiving signal from the ALE pin, the external P12 —y 37 —FaAm2
' 14— 36 —F3 20800
register (usually 74HCT373 or 74HCT375 add-on [: . 5 ;g : u.r-;t
Ml h — R [
chip) memorizes the state of PO and uses it as a 1 _? 34 —FOSADS
memory chip address. Immediately after that, the ALU P17 —g 33— FOEADE
pin is returned its previous logic state and PO is now o IE;TPI—“J 32 mF§_7!AD?
. . . APIA g 31 — EA
used as a Data Bus. As seen, port data multiplexing is TOPE 1 —{17 30 b— A
performed by means of only one additional (and  jiFaps s —| 12 39 —FSEN
cheap) integrated circuit. In other words, this port is  FTiP3 5 —13 28 —P2TA
used for both data and address transmission. a4 —14 27 fePraad
TUR3S —{45 26 —P25AE
WRIP2 6 —{14 25 —P240812
Pin 31: EA By applying logic zero to this pin, P2 and ROIF2 T — 7 24 —P2 %A1
. ) T - , 3 2810
P3 are used for data and address transmission with no ATALZ=S 23 _!‘? ',"TU
o XTALt—]9 22 L—FPIURA
regard to whether there is internal memory or not. It vss —lag 91 b— P20

means that even there is a program written to the
microcontroller, it will not be executed. Instead, the program written to external ROM will be

executed. By applying logic one to the EA pin, the microcontroller will use both memories, first
internal then external (if exists).

Pin 32-39: Port O Similar to P2, if external memory is not used, these pins can be used as general
inputs/outputs. Otherwise, PO is configured as address output (A0-A7) when the ALE pin is
driven high (1) or as data output (Data Bus) when the ALE pin is driven low (0).

Pin 40: VCC +5V power supply
2.1.2. Input/Output Ports (I/O Ports)
All 8051 microcontrollers have 4 I/O ports each comprising 8 bits which can be configured as

inputs or outputs. Accordingly, in total of 32 input/output pins enabling the microcontroller to be
connected to peripheral devices are available for use.
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Pin configuration, i.e. whether it is to be configured as an
input (1) or an output (0), depends on its logic state. In
order to configure a microcontroller pin as an output, it is
necessary to apply a logic zero (0) to appropriate /O port
bit. In this case, voltage level on appropriate pin will be 0.

Similarly, in order to configure a microcontroller pin as an
input, it is necessary to apply a logic one (1) to appropriate
port. In this case, voltage level on appropriate pin will be
5V (as is the case with any TTL input). This may seem
confusing but don't loose your patience. It all becomes clear
after studying simple electronic circuits connected to an I/O
pin.

2.1.2.1.Input/Output(I/O)pin

a) Outputpin

MICROCONTROLLER

- RS T S f%ﬂ"{-*
olpi ol ke Ay |
. i
Special Function 1'
i Regislers ||
(SFRsl
i
= R |J
B inputf Output §
BE00110101 oy
- o] e
puti Qutput
Part

KO Pins

x mput =y

Figure 3: Input Output Port

A logic zero (0) is applied to a bit of the P register. The output FE transistor is turned on,

thus connecting the appropriate pin to ground.
b) Inputpin

A logic one (1) is applied to a bit of the P register. The output FE transistor is turned off
and the appropriate pin remains connected to the power supply voltage over a pull-up

resistor of high resistance.

2.1.3. Program Memory

The first models of the 8051 microcontroller family did not have internal program memory. It
was added as an external separate chip. These models are recognizable by their label beginning
with 803(for example 8031 or 8032). All later models have a few Kbyte ROM embedded. Even
though such an amount of memory is sufficient for writing most of the programs, there are
situations when it is necessary to use additional memory as well. A typical example are so called

\ Voltager—=

I-../
Non-linear
termoelement

Microcontroller

Memory

Additional ROM
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lookup tables.

They are used in cases when equations describing some processes are too complicated or when
there is no time for solving them. In such cases all necessary estimates and approximates are
executed in advance and the final results are put in the tables (similar to logarithmic tables).

How does the microcontroller handle Y oo
external memory depends on the EA pin Enpinet m
logic state: . . ERin =R P
EA=0 In this case, the microcontroller 3 iy
completely ignores internal program r—— T
memory and executes only the program EENe ot S b
stored in external memory. |I sl e

. , | P11t
EA=I In this case, the microcontroller (64K many :

| | Address 3FFF hex

executes first the program from built-in | - ,,,MROMI‘

. . . | Memory
ROM, then theprogram stored in external ! Py Blbgatsal)
memory.In both cases, PO and P2 are not = Jao i i S 2281
available for use since being used for data Figure 5: Memory management of
and address transmission. Besides, the ALE and 8051

PSEN pins are also used,
2.1.4. Data Memory

As already mentioned, Data Memory is used for temporarily storing data and intermediate results
created and used during the operation of the microcontroller. Besides, RAM memory built in the
8051 family includes many registers such as hardware counters and timers, iﬁput/output ports,
serial data buffers etc. The previous models had 256 RAM locations, while for the later models
this number was incremented by additional 128 registers. However, the first 256 memory
locations (addresses 0-FFh) are the heart of memory common to all the models belonging to the
8051 family. Locations available to the user 0CCupy memory space with addresses 0-7Fh, i.e. first
128 registers. This part of RAM is divided in several blocks.

The first block consists of 4 banks each including 8 registers denoted by RO-R7. Prior to
accessing any of these registers, it is necessary o select the bank containing it. The next memory
block (address 20h-2Fh) is bit- addressable, which means that each bit has its own address (0-
7Fh). Since there are 16 such registers, this block contains in total of 128 bits with separate
addresses (address of bit 0 of the 20h byte is 0, while address of bit 7 of the 2Fh byte is 7Fh). The
third group of registers occupy addresses 2Fh-7Fh, i.e. 80 locations, and does not have any
special functions or features,
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2.1.5. Additional RAM

In order to satisfy the programmers’ constant
hunger for Data Memory, the manufacturers

decided to embed an additional memory block of °°“m° ;5; FEEEEE

128 locations into the latest versions of the 8051 - A [ [
microcontrollers. However, it’s not as simple as it i o % =t
seems to be... The problem is that electronics : 7 | ==

performing addressing has 1 byte (8 bits) on g Popmmm——
i i hing only the first &R = i
disposal and is capable of reaching on T
p ¢ C‘ p g y ea = Ve r—— '_
256 locations, therefore. In order to keep already amesen | ECIRYETE,
. . i . o G\e F—used far
existing 8-bit architecture and compatibility with 3 o= 3 Ee——
o . 3 ‘)‘e‘b’ctﬂt § E=Spncmi—]
other existing models a small trick was done. i 0% g0® § = Eunction
N * u=__l -. ---E._‘--' ¥

| ? N MR

What does it mean? It means that additional 8 " e
memory block shares the same addresses with g m;““c‘,oiv“ —
s = ———
locations intended for the SFRs (80h- FFh). In ij 0‘:‘5\9\9‘ ————
order to differentiate between these two physically g b

separated memory spaces, different ways of addressing
are used. The SFRs memory locations are accessed by

Lertsr varpsons of me B051 mecrocontrolen
256 panersl-fAxrase regheiers)

Previcus varilios of the 8081 1
(128 guesralxrens rogietors)

Figure 6: Register Bank

direct addressing, while additional RAM memory locations are accessed by indirect addressing.

2.1.6. Memory expansion

In case memory (RAM or ROM) built in the microcontroller is not sufficient, it is possible to add
two external memory chips with capacity of 64Kb each. P2 and P3 I/O ports are used for their

addressing and data transmission.From the
user’s point of view, everything works quite | firton
simply when properly connected because see

most operations are performed by the ?.o: B
microcontroller itself. The 8051 i

microcontroller has two pins for data read N'E;
RD#(P3.7) and PSEN#. The first one is used ;_‘5 Eii
for reading data from external data memory 1
(RAM), while the other is used for reading 8051
data from external program memory (ROM). olu
Both pins are active low. A typical example g!E
of memory expansion by adding RAM and "

>
-
m

a18 an ::-‘5
Reading o n: a1
i A2 A2
Wnting A4 A1
I bl A10 A:g
AD
N Al £
| RAM(64K) ROM(64K)
[ D7 n7 A7
A7
‘ I D r o8 A
DS As 08 AS
{ | 04 A4 | b4 AL
| D3 as D3 A3
| | — o2 Az - 02 A2
Dy A1 o4 A1
L o0 Ao | | ) A0
1 - -
i
:
|
|
|
Wl o +
o8 e oar
0s [
I T
02 a3 |
o1 T o |
m RE
> LE

"\

Lower address byle writlg

Figure 7: External Memory
Management
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ROM chips (Hardward architecture), is shown in figure above.

Even though additional memory is rarely used with the latest versions of the microcontrollers, we
will describe in short what happens when memory chips are connected according to the previous
schematic. The whole process described below is performed automatically.

When the program during execution encounters an instruction which resides in external memory
(ROM), the microcontroller will activate its control output ALE and set the first 8 bits of address
(A0-A7) on PO. IC circuit 74HCT573 passes the first 8 bits to memory address pins.

A sighal on the ALE pin latches the IC circuit 74HCT573 and immediately afterwards 8 higher
bits of address (A8-A15) appear on the port. In this way, a desired location of additional program
memory is addressed. It is left over to read its content.

Port PO pins are configured as inputs, the PSEN pin is activated and the microcontroller reads
from memory chip.Similarly, it occurs when it is necessary to read location from external RAM.
Addressing is performed in the same way, while read and write are performed via signals
appearing on the control outputs RD (is short for read) or WR (is short for write).

2.2.Liquid Crystal Displays (LCD)

An LCD display is specifically manufactured to be used with microcontrollers, which means that
it cannot be activated by standard IC circuits. It is used for displaying different messages on a
miniature liquid crysal
display.

The model described here
is for its low price and
great capabilities most
frequently used in practice.
It is based on the
HD44780 microcontroller
(Hitachi) and can display :
messages in two lines with gt d
16 characters each. It Figure 8: LCD Display

displays all the letters of alphabet, Greek letters, punctuation marks, mathematical symbols etc. In
addition, it is possible to display symbols made up by the user. Other useful features include
automatic message shift (left and right), cursor appearance, LED backlight etc.

ol T e
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2.2.1. LCD Pins
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There are pins along one side of a small printed board. These are used forconnecting to the
microcontroller. There are in total of 14 pins marked with numbers (16 if it has backlight). Their

FUNCTION

Ground
Power supply

Contrast

Control
operating

Data
commands

of

PIN
NUMBER

I
2

10

11

12

13

14

NAME

Vss
vdd
Vee

RS

R/W

DO

D1

D2

D3

D4

D5

D6

D7

LOGIC
STATE

0
1
From1toO

0/1

0/1

0/1

0/1

0/1

0/1

0/1

0/1

DESCRIPTION

ov
+5V
0-vVvdd

DO - D7 are interpreted
as commands
DO — D7 are interpreted
as data

Write data (from
controller to LCD)
Read data (from LCD to
controller)

Access to LCD disabled
Normal operating
Data/commands are
transferred to LCD

Bit 0 LSB
Bit 1
Bit 2
Bit 3
Bit 4
Bit5
Bit 6

Bit 7 MSB

functi
on is
descri
bed in
the
table

ey
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Table 1: LCD pins

2.2.2. LCD screen

An LCD screen consists of two lines each containing 16 characters. Each character consists of
5x8 or 5x11 dot matrix. This book covers
the most commonly used display, i.e. the
5x8 character display.

Display contrast depends on the power
supply voltage and whether messages are
displayed in one or two lines. For this
reason, varying voltage 0-Vdd is applied
on the pin marked as Vee. Trimmer

potentiometer is usually used for that ’L'.:'I].E-F']. ==
purpose. Some LCD displays have built-in -

backlight (blue or green LEDs). When used during operation, a current limiting resistor should be
serially connected to one of the pins for backlight power supply (similar to LEDs).

If there are no characters displayed or if all of them are dimmed when the display is on, the first
thing that should be done is to check the potentiometer for contrast regulation. Is it properly
adjusted? The same applies if the mode of operation has been changed (writing in one or two
lines).

2.2.3. LCD Basic Commands
All data transferred to LCD through the outputs D0-D7 will be interpreted as a command or a
data, which depends on the pin RS logic state:

RS = 1 - Bits DO-D7 are addresses of the characters to be displayed. LCD processor addresses
one character from the character map and displays it. The DDRAM address specifies the location

10
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on which the character is to be displayed. This address is defined before the character is
transferred or the address of previously transferred character is automatically incremented.

RS = 0 - Bits DO - D7 are commands which determine the display mode. The commands
recognized by the LCD are given in the table (2).

COMMAN R R
D, S W

Clear display 0 0

Cursor home 0 0
Entry mode 0 0
set

Display on/off

0 0
control
C .
ursF)rlDlspla 0 0
y Shift
Function set 0 0
S
et CGRAM 0 0
address
S
et DDRAM 0 0
address
Read

“BUSY” flag 0 1
(BF)

Write to
CGRAM or 1 0
DDRAM

Read from
CGRAM or 1 1
DDRAM

I/D 1 = Increment (by 1)
0 = Decrement (by 1)

S 1 = Display shift on

Table 2: LCD commands

D D D D D D D
4

0 0 0 1

CGRAM address

1 DDRAM address

BF DDRAM address
D7 D6 D5 D4 D3 D2 DI

D7 D6 D5 D4 D3 D2 Dl

R/L 1 = Shift right
0 = Shift left

DL 1 = 8-bit interface
11

DO

DO

EXECUTIO
N TIME

1.64mS
1.64mS

40uS

40uS

40uS

40uS

40uS

40uS

40uS

40uS
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0 = Display shift off 0 = 4-bit interface
D 1 = Display on N 1 = Display in two lines
0 = Display off 0 = Display in one line
U 1 = Cursor on F 1 = Character format 5x10 dots
0 = Cursor off 0 = Character format 5x7 dots
B 1 = Cursor blink on D/C 1 = Display shift
0 = Cursor blink off 0 = Cursor shift

2.2.4. LCD Connection

Depending on how many lines are used for connecting the LCD to the microcontroller, there are
8-bit and 4-bit LCD modes. The appropriate mode is selected at the beginning of the operation.
This process is called “initialization”. 8-bit LCD mode uses outputs D0-D7 to transfer data in the
way explained on the previous page. The main purpose of 4-bit LED mode is to save valuable I/O
pins of the microcontroller. Only 4 higher bits (D4-D7) are used for communication, while othe
may be left unconnected. Each data is
sent to the LCD in two steps: four Microcontroller o

higher bits are sent first (normally
through the lines D4-D7), then four ©anbe connectedto G_"ﬁ‘i\ | | inasitmodess
lower bits. Initialization enables the - e
LCD to link and interpret received

+5V

FIR
bits correctly. Data is rarely read A
from the LCD (it is mainly J*"—I 4
transferred from the {5 U e
i Iy

microcontroller to LCD) so that it
often possible to save an extra I/O
pin by simple connecting R/W pin
ground. Such saving has its price.
Messages will be  normally Figure 10: LCD connection to 8051

displayed, but it will not be possible to read the busy flag since it is not possible to read the
display either.

is

to

Fortunately, there is a simple solution. After sending a character or a command it is important to
give the LCD enough time to do its job. Owing to the fact that execution of the slowest command
lasts for approximately 1.64mS, it will be sufficient to wait approximately 2mS for LCD.

LCD Initialization

The LCD is automatically cleared when powered up. It lasts for approximately 15mS. After that,
the display is ready for operation. The mode of operation is set by default. It means that:

12
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Display is cleared

Mode

DL = 1 Communication through 8-bit interface

N = 0 Messages are displayed in one line

F = 0 Character font 5 x 8 dots

Display/Cursor on/off

D = 0 Display off

U = Q Cursor off

B = 0 Cursor blink off

Character entry

ID = 1 Displayed addresses are automatically incremented by 1

S = 0 Display shift off

Automatic reset is in most cases performed without any problems. In most cases, but not always!
If for any reason the power supply voltage does not reach ful value within 10mS, the display will
start to perform completely unpredictably. If the voltage supply unit is not able to meet this
condition or if it is needed to provide completely safe operation, the process of initialization is
applied. Initialization, among other things, causes a new reset enabling display to operate
normally.

Refer to the figure below for the procedure on 8-bit initialization:

13
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[ Power on ‘
= _
Wait for more than 15ms |

|

0 0 0 0 1 1 x x x x | Displayissetto8-bit mode.

S I

Wait for more than 4.1m$ |

| |
[s RW D7 D6 D5 D4 D3 D2 D1 DO| Bit PF cannot be checked before this instruction.

0 0 O DTSR N e X Display Is set to 8-blt mode.

[Waltformmammus |

N

0 00 0 4 T % % X Display Is set to 8-bit mode.

Bit PF can be checked after the following instructions.

|
o SRR R these values cannot be changed after this polnt.

0 0 0 00 0 1 0 O 0 | Displayoff

o NSRRI ¢ TRE ¢ 5 ) Ri v T | Display clear
0O 0 0 00 0O O 11WWDS Entry mode set

h J

Initiajization ends
Figure 11: LCD commands

2.3. KEYPAD

Matrix Keypads are commonly used in calculators, telephones etc where a number of input
switches are required. We know that matrix keypad is made by arranging push button switches in
row and columns. In the straight forward way to connect a 4x4 keypad (16 switches) to a

14

RS R/W D7 D6 D5 D4 D3 D2 D1 DO | Bit BF cannot be checked befors this instruction.

RS R/W D7 D6 D5 D4 D3 D2 D1 DO | Bit PF cannot be checked before this Instruction.

RS RW D7 D6 D5 D4 D3 D2 D1 DO | The number of display lines and character font have to be «
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microcontroller we need 16 inputs pins. But by connecting switches in the following way we can
read the status of each switch using 8 pins of the microcontroller.

2.3.1. 4x4-Matrix-Keypad
Figure 12: 4x4 Matrix Keypad

The key board here we are interfacing is a matrix 5
keyboard. This key board is designed with a
articular rows and columns. These rows and - "
I;)olur'nns are connected to the microcontroller N e L
through its ports of the micro controller 8051. We
normally use 8*8 matrix key board. So only two
ports of 8051 can be easily connected to the rows
and columns of the key board. 7% | 1578, 4878

all

i 0 04 8 oy Ay (=

Rl

5% L P50 15 5y )

* 1 Fovrd

Fuved

When ever a key is pressed, a row and a column |\ ,-| |] ‘ |\._J

gets shorted through that pressed key and all the - - - -

other keys are left open. When a key is pressed only a bit in the port goes high. Which indicates
microcontroller that the key is pressed. By this high on the bit key in the corresponding column

is identified.

Once we are sure that one of key in the key board is pressed next our aim is to identify that key.
To do this we firstly check for particular row and then we check the corresponding column the
key board.To check the row of the pressed key in the keyboard, one of the row is made high by
making one of bit in the output port of 8051 high . This is done until the row is found out. Once
we get the row next out job is to find out the column of the pressed key. The column is detected
by contents in the input ports with the help of a counter. The content of the input port is rotated
with carry until the carry bit is set.

The contents of the counter is then compared and displayed in the display. This display is
designed using a seven segment display and a BCD to seven segment decoder IC 7447.The BCD
equivalent number of counter is sent through output part of 8051 displays the number of pressed
key.

KEY PAD [+—-| MICRO |y hispL Ay
CONTROLER

Figure 13: Interfacing of keypad and
Lc?swith 8051
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2.3.2. Circuit diagram of INTERFACING KEYPAD TO 8051.

The programming algorithm, program and thé circuit diagram is as follows. Here program is
explained with comments.

Keyboard is organized in a matrix of rows and columns as shown in the figure. The
microcontroller accesses both rows and columns through the port.

The 8051 has 4 I/O ports PO to P3 each with 8 I/0O pins, P0.0 to P0.7,P1.0 to P1.7, P2.0 to P2.7,
P3.0 to P3.7. The one of the port P1 (it understood that P1 means P1.0 to P1.7) as an I/P port for
microcontroller 8051, port PO as an O/P port of microcontroller 8051 and port P2 is used for
displaying the number of pressed key.

1)
2)

3)
4)
5)

6)
7
8)

9)

Make all rows of port PO high so that it gives high signal when key is pressed.

See if any key is pressed by scanning the port P1 by checking all columns for non zero
SOnGikon. Figure 14: Interfacing of 8051

If any key is pressed, to identify which key is pressed make one row high at a time.

Initiate a counter to hold the count so that each key is counted.

Check port P1 for nonzero condition. If any nonzero number is there in [accumulator], start
column scanning by following step 9.

Otherwise make next row high in port P1.

Add a count of 08h to the counter to move to the next row by repeating steps from step 6.

If any key pressed is found, the [accumulator] content is rotated right through the carry until
carry bit sets, while doing this increment the count in the counter till carry is found.

Move the content in the counter to display in data field or to memory location

10) To repeat the procedures go to step 2.

16
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2.3.3. Interfacing Keypad with 8051 Microcontroller using Keil C

Figure 14: Circuit Diagram

10KQ resistor and 10pF will 45y
provide the required Power ' www.electroSome.com

v

< BEBEZeE:

On Reset (POR) signal to
the 8051 microcontroller.
12MHz crystal is used to

. . , s "
provide required clock for } ey 1
the  microcontroller and cz - '

22pF  capacitors  will 1
stabilize the oscillations of [
the crystal. AT89C51 can -
works upto 24MHz. We can &
choose the required i
frequency by changing the +
crystal and clock frequency '
in the project settings of
Keil C. Keypad is connected
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to the Port P1 and column inputs pins are pulled up internally. 16x2 LCD is connected to Port P2

and PO. PO.0 and PO.1 pins are pulled up externally using 10K resistors since Port PO has no
internal pull up.
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3. Implementation

3.1. Software Implementation .

We have simulated our circuit on Proteus. Then, we have used Eagle software to make the

layout.

L R LR *“‘WH‘WIB-&‘.-‘\B“‘INW - A
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Figure 15: circuit Diagram
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P 3.2. Hardware Implementation

H@ We then printed the layout and carried out ironing, etching, drilling and soldering. But, it did not
give us the required results, hence we shifted to the general circuit board.

Figure 17: PCB layout
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Figure 18: General Purpose Board
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Conclusion

During the designing, many problems were encountered. To minimize the problems encountered,
we can use C++ coding instead of Asm code. Asm coding is very complicated and hard to
understand. The C coding can also be used as it is easier to implement it. For future development,

we can use a Arduino board or any other microcontroller for making an advanced calculator with
many other features.
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