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INTRODUCTION
EMBEDDED SYSTEMS

PIC16F877A

Overview:

The PIC 16F877A PIC microcontroller is one of the most popular general purpose

microcontrollers. It is of 8-bit which means the most available operations are limited to 8-bits.It

is a 40-pin IC.
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Ports:

There is one 6-bit ports: A, 3 8-bit ports: B ,C,D and one 3 bit port:E.

PORTA (Pin 2 to 7)and TRISA register :PORTA is a 6-bit wide, bidirectional port. The
corresponding data direction register is TRISA. Setting a TRISA bit (=1)

will make the corresponding. PORTA pin an input (i.e., put the corresponding output driver in a
High-Impedance mode).Clearing a TRISAbit (= 0) will make the corresponding PORTA pin an
output (i.e., put the contents of the output latch on the selected pin).Reading the PORTA regiter
reads the status of the pins,whereas writing to it will write to the port latch.All write operations
are read-modify write operations.Therefore, a write to a port implies that the port pins are read,

the value is modified and then written to the port data latch.

PORTB(Pin 33 to 40)and TRISB register: PORTB is an 8-bit wide, bidirectional port. The
corresponding data direction register is TRISB. Setting aTRISB bit (= 1)will make the
corresponding PORTB pin an input(i.e., put the corresponding output driver in a High-
Impedance mode). Clearing a TRISB bit (= O)will make the corresponding PORTB pin an
output (i.e.,put the contents of the output latch on the selected pin).Three pins of PORTB are
multiplexed  with  the In-Circuit.Debugger  and Low-Voltage Programming
function:RB3/PGM,RB6/PGC and RB7/PGD.

PORTC(pin 15 to 18 and pin 24 to 26)and TRISC register:PORTC is an 8-bit wide,
bidirectional port. The corresponding data direction register is TRISC. Setting a TRISC bit (= 1)
will make the corresponding PORTC pin an input (i.e., put the corresponding output driver in a
High-Impedance mode). Clearing a TRISC bit (= O)will make the corresponding PORTC pin an
output (i.e.put the contents of the output latch on the selected pin).PORTC is multiplexed with
several peripheral functions PORTC pins have Schmitt Trigger input buffers. When the 12C
module is enabled, the PORTC<4:3>pins can be configured with normal 12C levels, or with
SMBus levels, by using the CKE bit (SSPSTAT<6>).When enabling peripheral functions, care
should be taken in defining TRIS bits for each PORTC pin. Some peripherals override the TRIS
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bit to make a pin an output, while other peripherals override the TRIS bit to make a pin an input.
Since the TRIS bit override is in effect while the peripheral is enabled, read-modify write
instructions (BSF, BCF, XORWF) with TRISC as the destination, should be avoided. The user

should refer to corresponding peripheral section for the correct TRIS bit settings.

PORTD(Pin 19t022 and pin 27to30)and TRISD register: PORTD is an 8-bit port
with Schmitt Trigger input buffers. Each pin is individually configurable as an input or output.
PORTD can be configured as an 8-bit wide microprocessor port (Parallel Slave Port) by setting

control bit, PSPMODE (TRISE<4>). In this mode, the input buffers are TTL.

PORTE(PIn8 to 10)and TRISE register: PORTE has three pins (REO/RD/ANS,
RE1/WR/AN6 and RE2/CS/AN7) which are individually configurable as inputs or outputs.
These pins have Schmitt Trigger input buffers. The PORTE pins become the 1/O control inputs
for the microprocessor port when bit PSPMODE (TRISE<4>) is set. In this mode, the user must
make certain that the TRISE<2:0> bits are set and that the pins are configured as digital inputs.
Also, ensure that ADCONL is configured for digital I/O. In this mode, the input buffers are TTL.
PORTE pins are multiplexed with analog inputs. When selected for analog input, these pins will

read as ‘0’s.

MPLAB IDE:

MPLAB IDE is a free integrated toolset for the development of embedded application on
microchip 1C and dsPIC microcontroller.

Install MPLAB by following the instructions sets provided in your software.

Creating a new project:
1) Open MPLAB
2) Create a folder in any drive.

3) Select project->project wizard
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File Edit View QE@i==# Debugger Programmer Tools Configure Window Help
Project Wizard. .. "
e e G B

Mew...
Cpen... I Output
Close 3
Set Active Praject

Euild | Verzion Control || Find ir Files

Quickbuild {no .asm file)

Parkaoe in 70

Llear

Build Configuration k
Build Options. ..

Set Language Tool Locations...
Version Contral...

4) Click on next
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Project Wizard ["5__<|

. Welcomel

Thiz wizard helps pou create or configure a new MPLAE IDE
project.

To continue, click Hext.

[ Mea> [ Cancel ] [ Help

5) Select PIC16F7877A then click on next.

Project Wizard [z|

Step One:

Select & device EE/{@'}

Device:

PICTEF 87 W

[ < Back ” Med = l[ Cancel ] [ Help
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6) Select HI-TECH Universal Tool Suite and click next

Project Wizard

Step Two:

Active Toolzuite:
T oolzuite Contents
HI-TECH ARSI

Select a language toolsuite

HI-TECH Univerzal ToolSuite

B Knudsen Data CCE
B Frnudsen Data CCEE
Bute Craft Aezembler & T Compiler

CCS C Cormpiler For PICT0/1 2141641 8/24/dsPIC30/d:PIC33
HI-TECH Univerzal ToolSuite

laR FICTE
L . 18R Spstemns Midrange
EEElE Microchin MPASH T onolzuite
|EI:'\F'ngram Filez“HI-TECH Software\FPICC3. 83%bin'picc. exe | [ Browsze.

Stare tool locationz in project

[ Helpl My Suite lsn't Listed! ] [] Show all installed toolsuites

= Back ][ et = ] [ Cancel ] [ Help ]

Project Wizard

Step Three: Eﬁ
Create a new project, or recarfigure the active project ? /{'@'}

{(#) Create Mew Project File

| | [ Browse...

Reconfigure Active Project
b ake changes without zaving

Save changes to existing project file

Save changes ta another project file

Browse. .

[ < Back ][ Mext ][ Cancel ] [ Help

7) Click on browse and select the folder you saved on the drive and write a filename ex: lcd12.

www.researchdesignlab.com
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Save Project As

Savein: | 3 piccontrol v| O -
Icu:l.mcp

File name: |I|:|:|12| | I Save ]
Save astype: |MPLAB IDE Project Files ("mcp) w | [ Cancel ]
Jump tax | C:ADocuments and Settingshanita\Deskioph |

8) Click on save

Project Wizard

Step Three: Eﬁ
Create a new project, or recorfigure the active project? /{'@‘}

(%) Create Mews Project File

|E:'\Dncuments and SettingzhanitatDesktophpiccontrollodl 2 | | Browse. .

Reconfigure Active Project
b ake changes without zaving

Save changes to existing project file

Save changes to another project file

Browse...

[ < Back ][ Next = ][ Cancel ] [ Help
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9)Click on next->next->next->finish

Project Wizard | |

Step Four:
Add existing files to your project

=
2

= piccontrol -

] funclizt 0
lzd. az
lzd.c
lzd. cof B
lzd.dep
lzd.hex
lzd. bl
led. Izt
led.map
led.mop
led.mcs

) g o o e o[ i o v o)

[E4

X

< Back ” Meat = ] [ Cancel ] [ Help

Project Wizard

. Summary

Click “Finizh' ta create/confiqure the project with these
parameters.

Project Parameters
Device:  PICT1EFE774
Toolzuite: HI-TECH Universal ToolSuite

File: C:A\Documents and
S ettingshanita\D esktophpiccontrolled] 2. mep

A new workspace will be created, and the new project added
to that work zpace.

« Back ]l Finish |[ Cancel ] [ Help

www.researchdesignlab.com
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10) You will get the following window.

led12.mcw

= 3 ledi2.mep

[0 source Files

Build | Wersion Control || Find in Files

------ [Z3 Header Files

'] Files | #¢ Symbols

11) Click on file->new->type a program
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w lcd12 - MPLAB IDE v8.92

Eile Edit View Project Debugger Programmer Tools Configure Window Help

JD@H|.¥:.E|@NW“? J Checksun

| [Debun Vi@ H B w0 o

led12.mow

= A lcd12.mcp™®

|:| Source Files
[:I Header Files
. [Z2 Object Fi
Ml M Untitled*

|:| Other Fil

M Qutput

Build |Versinn Cartral || Fird it Files

tinclude <htc.h>
tinclude<string.h>
tdefine XTAL FREQ 20000000

/153

I

#define EN RD7
tdefine RS RD6
//#define RW RDE
tdefine inputl ERD3

[:I Filez

void LCD Delay ()
1
int Count=1000;
while (Count——) ;
{fdelay m=(1);
1

void LCD Cmd(unsigned char cmd)

{

It

12) Click on save->save it in the same folder with .c extension and click on save.
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Save As

Save in: | I3 piccontral v| o F e m
ch.as
E] led.c
startup.as
File name: |Iu:u:|12.u: | [ Save ]
Save astype: | All Source Files ("o h;"asm;™as;"inc;"s;" bas) v| [ Cancel ]
Jurnp ta: | C:\Documents and Settingzhanita\Desktoppiccontralh w |
Encoding: |ﬁ'«NSI A

[] &dd File Ta Project

13) Right click on source file ->add files->select your .c file->click on open.
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Q@D?\(

w lcd12 - MPLAB IDE v8.92 - lcd12.mew

File Edit View Project Debugger Programmer Tools Configure Window Help

|DEE|[ sl SH AR T CERBed |

led12.mcw

= @ lcd12. mep®

Buld | Version Control | Find in Files

Add Files. ..
Create Subfolder,.,
Filter...

----- 3 Library Files
----- (L Cther Files

0] Files |“"¢ Symbals |
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Add Files to Project

Look in:|E}pi-:|:|:-ntmI v| &) T = m-

IE:I led.c| Type: C File
ctart| Date Modified: 9/30/2014 4:56 PM
Size: 864 bytes

File name: | | [ Open ]
Files of type: | Source {".c;"as) w | [ Cancel ]
dJump ba: | CAhDocumments and SettingsanitabD eskiophpiccontrols, w |

[ ] Bemember thiz setting
(%) Auto: Let MPLAE IDE guess

(3 Uzer: File[z] were created especially for this project, use relative path
(3 Suster: Filefz] are external to project, uze abzalute path

Add Files to Project

Loalk in: | I3 piccontrol v| 3 F & G-
B
lcd.as
E:I led.c
startup.as
File name: |ch12.c | [ Open ]
Files of type: | Source {*.c;".as) - | [ Cancel ]
Jurnp to: | C:ADocuments and SettingshanitatDesklophpiccontralt L |
[C] Remember thiz setting
(#) Auto: Let MPLABE IDE guess
() User: File[z] were created especially for this project, use relative path
() Sypstem: File[z] are external ta project. uze absolute path
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s lcd12 - MPLAB IDE v8.92 - Icd12.mcw

File Edit View Project Debugger Programmer Tools Configure Window Help

DB i mE | EAWENL 2| bby VisHDad HE

led12.mow

| Build Wersion Control | Find in Files |

...... (23 obiject Files

- ] Library Files

[:l Files

14)click on programmer->select programmer->9PICKkit 2
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mﬁtmmw_l'mmeWMM

D bt | » Basa |~ HESNGETIREE o

1PICSTART Plus

o s ico 2
o 3 Licensed Debugpoer
r_”m'_ 4 Starter Mt on Goard
B Errrtenr Mg
Elanl CHeol & PICKE 3
Hesd FTDATAR - ]
Cormect 8 AMNSS ] Gueck Srogrammer Beta

Cpwria 0 O

Aelence Friom leosd mﬂll !=m3 2
Hidd i Feget = ;
S L A 1Z2PROMATE DD
Erk Vid O 18 Prchs
St dd Off

Setongs

15) Click on configure ->configuration bits->unclick the configuration bits set in code->click ok-

select low voltage programming->then click the configuration set in code
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:| File Edit View Project Debugger Programmer Tools EeGliePe-8 Window Help

0= = 9 Select Device, .. % B ! ! |

Configuration Bits. ..
I:.‘im:lude <htc.h>
#include<string.h> ID Memary. ..
fdefine XTAL FRE{ 20000000
Settings...

gdefine TN RDT
gdefine RS RDE
//gdefine DW BD&

gdefine inputl RDS

int Count=1000;
while (Count--);
fidelay ms(l);

vold LCD Cmd (lunsigned char cmd

EORTE=cmd;
R5=0;

EN=1;

LCD Delay();

ZH=0;

www.researchdesignlab.com Page 18
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a lcd12 - MPLAB IDE v8.92 - [C:\Documents and Settings\anita\Desktop\piccontrollcd12.c]
:| File Edit Wiew Project Debugger Programmer Tools EegilaVe=8 Window Help

lect Device...
D S a o =
g ? Configuration Bits... % & ! !
ginclude <htc._h>

ginclude<string.h> ID Memary. ..

Settings...

gdefine EM RD7
tdefine RE RDE
Sigdefine BW RDE

gdefine inputl RDS

int Count=1000;
while (Count--) ;

fidelay msil);

. [cdf2 - MPLAB IDE v8.2 - [Configuraton Bis]

| A Edt View Projct Debugger Programmer Toos Configure Window Help
0@ ? ‘ ety o BE B0 MM ‘ Checksum; OxDfef ‘

Confiqurafion Bits 38t in cad.

Addreas Value Field Category Setting
2007 JFFF FOSC Oscillator Sele RC oacillator
WDIE Watchdog Timer | WDT enabled
PWRTE Power-up Timer | FWRT disabled
BOREN Brown-out Reset EOR enabled

LVE Low-Voltage (51 RB3/PGM pin has PGM function; low-voltage programming enabled

CED Data EEPROM Mem Data EEPRCM code protection off

WRT Flash Program M Write protection off; all progrem memory may be written to by EECON control
CE Flash Program Mi Code protection off

www.researchdesignlab.com Page 19
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n 12 NPLAB OF v8.92- Configuration is]

"I Fe &t Ven Pt Debugger Progamer Tods Corfgre Wedm Hep
DBE N MU IND| g vigUBe0 E O bid

( J]tu@rmﬂhﬂnfnh

Sercing
(acillator Sale FREPELTI
Oscillator Sele A0 nasillacor
ENTE - - .
Wit Wetchdog Timer [woremanTe
FRTE  Eower-up Timer [EWRT disabled
N aremmne B el
. BOREN ?'.,":-.., Reser 308 enabled
unclick i . e o
R i ion s -
IVE Lew=Voltage (34 RB3/PRY ;.ﬂ has PR funetion; lew-voltage prograsming enabled
PET ' W A £ onif
el Dara ELPRCM Mem Dace IEERQY code protestion off
EnT - (! - arm ey mm sEE, - - i wmae w5 mie Fp Y asss
WAl Tlash Frogram M Write procection off; &1l progrim memory may be wricoes oo by EZCON comneal
W T.&* wearam W) Meda presgasiar f8F
we e magmie b Wede ses e ek

w lod1Z - MPLAE IDE vB.92 - [Configuration Bits]

I Fie Edt vew Promct Debugor Progiemer Tiok Confgure Winds Meb
DEE mE “HOAR Y Dby viGEHBwO EME| | Checun: O
7] Confurstion Bis et n code.

Address | value | Fiels | camegery sezzing
27007 T rolc

Flash Fragram My
CE Flash Pragram M

select
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W MPLAB IDE v8.92 - [Configuration Bits]

| Fle Edit View Project Debugger Frogrammer Tools Configure Window Help

|DEE|ima|2asan ? | -@‘-@Q“ol | checksum: oxotar |
( i #onf\gulation Bits et in code.
Address \L/Value | Field | Category | Setting
2007 3FTF FOSC Oscillator Sele: RC oscillator

WDTE Watchdog Timer 1 WDT enabled
PWRTE Power-up Timer | PWRT disabled

click BOREN Brown-out Reset BOR enabled
LVP Low-Voltage (5i:RB3 is digital I/0, HV on MCLR must be used for programming
CPD Data EEPRCM Mem Data EEPROM code protection off
WRT Flash Program Mi Write protection off; all program memory may be written to by EECON control
cE Flash Program Mi Code protection off

16)Click on programmer->connect

s MPLAB IDE vB.92
File Edit View Project Debugger | Programmer Tools Configure Window Help

J DE | | 4 E | = Select Programmer  #
Program
Read

Werify

I Untitled Workspace Erase

Blark Check:
Read EEDATE

J Checksum:

Buid | Version Control | Findin Files FICKit 2 |

Initializing PICkit 2 wersion 0.0.3.63
EEZErordi2e: FICkt 2 natfound
FICkit 2 Ready

Downlaad O

Release from Reset

Hald imFeset
PEZEror0022: FICkit 2 not found
et ydd On FICKit 2 Ready
Siek Ydd Off
Settings
—

| P

17) Click on compile

www.researchdesignlab.com Page 21



s led12 - MPLAE IDE vB.92 [C:Docwments and Settings\anita\Desktopipiccontroled 12.¢]
—J Fle Edt Veew Project Debugger Programmer Tools Configure Windew Help
DF L  ™mE GANIL P pebwg v R Bed m Checksum: DxSafl

pinzluds <hze.Br

Rzt voth Compler For PIC10) 1216 MCUS (Lite Mode) va.83)

e

gincluds

click

tdafing impusl RDE

wodd LLD_Delay

int Count=1000
whilas [Ceume-—] ;
idalay =a(l);

wvoeld LD _Cmd (unsignad char omd

PORTH=a= ;
Ra=0;
EN=1.
o _Denay
Eli=0.
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w lcd12 - MPLAB IDE v8.92 - [Output]

: File Edit WView Project Debugger Programmer Tools Configure Window Help

O = 4 ?‘ Debug ~ o' @& E B & !!‘

Build | %ersion Contral | Find in Files

Clean: Deleting intermediary and output files.

Clean: Deleted file "CADocuments and Settingshanita\Deskioph\piccontrolcd1 2. 01"

Clean: Deleted file "CADocuments and Setlingsianita\Deskiop\piccontrollcdl 2 cof*,

Clean: Deleted file "CADocuments and SetlingshanitalDeskiopipiccontrollcdl 2 hex",

Clean: Deleted file "CADocuments and Settingsh\anitalDesktop\piccontrollodl 2. sym®.

Clean: Deleted file "CADocuments and Settings\anita\Desktophpiccontrollcdl 2. map".

Clean: Deleted file "CADocuments and Settingshanita\Desktophpiccontrollcd12 hx",

Clean: Deleted file "CADocuments and Settingshanita\Deskiophpiccontrohstartup. st

Clean: Deleted file "CA\Documents and Settings\anita\Deskiop\piccontrolstartup rf*,

Clean ‘Warning: File "CADocuments and Settingshanita\Deskiopypiccontroldoprnt.p1” doesn't exist.
Clean ‘Warning: File "CA\Documents and Settingshanita\Deskioppiccontraldoprnt pre” doesn't exist.
Clean: Deleted file "CADocuments and Setingsianita\Deskioph\piccontrolcd] 2.obj",

Clean: Deleted file "CADocuments and Settingshanita\Deskiop\piccontrollcdl 2 15t

Clean: Deleted file "CA\Documents and Settings\anita\Deskiop\piccontrolycd 2.rlf".

Clean: Deleted file "CADocuments and SetlingshanitalDeskiop\piccontrolcd1 2 sdh".

Clean: Done.

Build CA\Documents and Settingsianita\Deskiop\piccontrolycdl & far dewvice 16FE77A,

Using driver Ch\Program Files\HIF-TECH Software\FICCE.8 3 hinlpicc. exe

Executing: "CAProgram Files\H-TECH Software\PICCA3 835hintpicc.exe" —pass] "CADocuments and Setting

Executing: "CAProgram Files\HFTECH Softwared\PICCAR. 83 binkpicc.exe" -olcd1 £ cof -micd1 2 map —summar
HI-TECH C Compiler for PIC10-12-16 HMCU= (Lite Mode) V9.23

Copyright (C) 2011 Microchip Technology Inc.

(1273) Omniscient Code Generation not available in Lite mode {(warning)

Hemorvy Summary:

Frogram space u=ed ACh 172 of 2000h words [ 2157
Data space u=ed 11h 173 of 170h bvte= [ 4.65)
EEFRCOHM =pace u=ed Oh § 01 of 100h bvte= [ 0.0
Configuration bit=s u=ed 0h 0y of 1lh word [ I I 1 =
ID ILocation space u=ed Oh § 01 of 4h bytes [ 0.0

Ruoming thos conptler 1o PRO node, with Chmaient Cod Generation enbled,
maduces code vhach 18 typacelly 0% snaller than 1 lote wode,
e hittp:/Ancrochop btaott con/portal/e_pro for none 1nfomation,

Loae CDocumerts e SeiggenteCistonlpconkohie L ol

g1

suCcesef
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GETTING STARTED WITH EMBED C PROGRAMMING:

2" Tﬂ/‘FBB/ET/HS#/"IUH
woordeubisspysieasad

™ s o)
o

Y W
L5 B Py

-
=

TR IuL.

SV DC . .1':I
1-11

12
o=
—ils

15
| B

| e— |
33f bovnd L7
Xtal Wi
WMo

B0

D NNOOTORA— T

— GND
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I1/0O Connections :
PORT B4->LED1

PORTB5->LED2
PORTB6->Switchl
PORTB7->Switch2

#include <htc.h>

#define  XTAL_FREQ 20000000 /[crystal frequency of 20MHZ
#define Inputl RB7 /Iset port RB7 as input port
#define Input2 RB1 //set port RB1 as input port
#define Outputl RB4 /set port RB4 as output port
#define Output2 RB5 /lset port RB5 as output port
void main()
{
TRISB=0X82; /luse portB register as input as well as output port
while(1) /linfinite loop
{
if(Inputl==0) /1if switchl is pressed ie connect port RB7 to swl
{
Outputl=1; //blink both the LED’S
Output2=1,
}
else if(Input2==0) /Nf switch2 is pressed ie connect port RB1 to sw2
{
Outputl=0; /Iboth the LED’S are turned off
Output2=0;
¥
}
}
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LA d A A0 0T

g et @

40
el |
38N
378
361
EL] |
M ]

33- 5V DC

- VoD I
32 W58
31- GMND
30.—[
29 —
28. VCC
2718 ond
26| p—
o 25

——
330f poveg 7 24

Xtal 238

2B
W0 21l

Lo ge|uFlsa pysueasal

e
GND —" —ll13
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1/0O connection:

PORT B0 tO B7->DO to D7 of LCD

ENABLE->D7
R/W->GROUND
R/S->D6

#include <htc.h>
#include<string.h>

#define _XTAL_FREQ 20000000
#define EN RD7

#define RS RD6

void LCD_Delay()

{
__delay_ms(1);

¥

void LCD_Cmd(unsigned char cmd)

/lcrystal frequency of 20MHZ

/[connect enable pin of LCD to port D7
connect Register select pin of LCD
to port D6
/[delay routine

//this function is to write command to
the LCD

{
PORTB=cmd;
RS=0; Set RS pin to low in order to send a
command to the LCD
EN=1; //set EN pin to high in order to send
high pulse
LCD_Delay(); /lgive a small delay
EN=0; //set EN pin to low in order to make
pulse low
LCD_Delay(); /lgive a small delay
www.researchdesignlab.com Page 27
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void LCD_Init() /Nnitializing LCD
{
unsigned char cmd[5]={0X38,0X06,0X0F,0X01,0X80},Count
//0x38 represents 5x7 matrix ,0x06 represent entry mode,0x0f represent display on cursor
blinking,0x01 represents clearing the LCD,0x80 represents 1% row
for(Count=0;Count<5;Count++)
LCD_Cmd(cmd[Count]);

}
void LCD_SendDataByte(unsigned char data) /Ithis function is to write a byte on LCD
{
PORTB=data,;
RS=1; //make RS pin high inorder to send a
data
EN=1; //set enable pin to high in order to
sendhigh to low pulse
LCD_Delay(); /lprovide a small delay
EN=0;
LCD_Delay();
}
void LCD_Display( char *addr) /lthis function is to display a string on
LCD
{
while(*addr)
{
LCD_SendDataByte(*addr);
addr++;
}
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void main()

{

TRISB=0x00;
TRISD=0x00;
LCD_Init();
__delay_ms(1000);
while(1)

LCD_Cmd(0X01);
LCD_Cmd(0X84);
LCD_Display("123");

LCD_Cmd(0xc0);
LCD_Display(" RDL");
__delay_ms(1000);

LCD_Cmd(0x01);
LCD_Cmd(0x80);
LCD_Display(" LCD");

LCD_Cmd(0xc0);
LCD_Display(" Display");
__delay_ms(1000);

/Imake the registerB as ouput

/Imake the registerD as ouput

/lnitialize the LCD

/linfinite loop

/[clearing the LCD
111% row 4" position
/[display 123 on LCD

112" row
/[display RDL on LCD
/ldelay by 1s

/Iclear the LCD
/1% row

/[display LCD

112" row
/[display on LCD
/[delay by 1s

www.researchdesignlab.com
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Lab3.Interfacing ADC to display analog to digital conversion values on LCD.

I/0O connection:

PORT B0 to B7->DO to D7 of LCD
ENABLE->D7

R/W->GROUND

R/S=>D6

AO0->PORTCO

#include <htc.h>
#include<string.h>

#define _XTAL_FREQ 20000000 /lcrystal frequency of 20MHZ
#define EN RD7 //connect enable pin of LCD to port D7
#define RS RD6 /lconnect Register select pin of LCD to port
D6
[*LCD code */
void LCD_Delay() /[delay routine
__delay_ms(2);
}
void LCD_Cmd(unsigned char cmd) /Ithis function is to write command to the LCD
{
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//Set RS pin to low in order to send a
command to the LCD
//set EN pin to high in order to send
high pulse

/lgive a small delay
//set EN pin to low in order to make
pulse low

/lgive a small delay

/Mnitializing LCD

unsigned char cmd[5]={0X38,0X06,0X0F,0X01,0X80},Count
//0x38 represents 5x7 matrix ,0x06 represent entry mode,0x0f represent display on cursor
blinking,0x01 represents clearing the LCD,0x80 represents 1% row

void LCD_SendDataByte(unsigned char data) //this function is to write a byte on LCD

PORTB=cmd;
RS=0;
EN=1;

LCD_Delay();
EN=0;

LCD_Delay();

}

void LCD_Init()

{
for(Count=0;Count<5;Count++)
LCD_Cmd(cmd[Count]);

}

{

PORTB=data;

RS=1;
EN=1;
LCD_Delay();
EN=0;
LCD_Delay();
}

void LCD_Display( char *addr)

while(*addr)

{
LCD_SendDataByte(*addr);
addr++;

void ADC_Init()

{
ADCONO = 0x41,
ADCONL1 = 0xCO0;

/Imake RS pin high inorder to send a data
/set enable pin to high in order to send
high to low pulse

/lprovide a small delay

/lthis function is to display a string on LCD

/Iset A/D control register0 to 0x41
/Iset A/D control registerl 0xcO

www.researchdesignlab.com
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unsigned int ADC_Read(unsigned char channel)
{
if(channel > 7)
return O;

ADCONO &= 0xC5;
ADCONO |= channel<<3;
__delay_ms(2);
GO_nDONE =1;
while(GO_nDONE);
return ((ADRESH<<8)+ADRESL); //left shift the higherorder bits and add the lower order

bits
}
void display(unsigned int number) this function is for (0-1024)A/D conversion

{

unsigned char digitl,digit2,digit3,digit4,digit[4];

unsigned char X;

unsigned char temp;

digitl = number / 1000u ; /I extract thousands digit

digit2 = (number / 100u) % 10u; /I extract hundreds digit

digit3 = (number / 10u) % 10u; /I extract tens digit

digit4 = number % 10u; /I extract ones digit

digit[3]=digit4;

digit[2]=digit3;

digit[1]=digit2;

digit[0]=digit1;

for(x=0;x<4;x++) /lloop for upto 4 digits

{

temp=digit[x]|0x30; /lconvert to ACII
LCD_SendDataByte(temp); /[display the value on LCD

}
}
void main()
{
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unsigned int value;
unsigned int a;

TRISB = 0x00; //Set registerB as output
TRISC = 0x00; //Set registerC as output
TRISD=0x00; /Iset registerD as output
LCD_Init(); /linitialize the LCD
__delay_ms(1000); /lprovide delay for 1s
ADC_Init(); //ADC initialisation
do
{
a=ADC_Read(0); /Iread port (A0)
__delay_ms(2000); /lprovide delay for 2s
LCD_Cmd(0x80); 111% row
LCD_ display(a); /ldisplay the value on LCD
__delay_ms(1000); /lprovide delay
} while(1);
}
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Lab 4.Interfacing UART toTransmit and Receive the message

1/0O connection:

TX and RX->UART RX and TX
Ground of Ic >UART ground

#include<htc.h>

#define _XTAL_FREQ 20000000
#include "uart.h"

#include "string.h™

char val;

void main()
{
__delay_ms(1000);
UART_Init(9600);

__delay_ms(1000);
UART_Write_Text("RDL");

do
{

if(UART_Data_Ready())

recieve = UART_Read();
UART_Write(recieve);
UART_Write(10);
UART_Write(13);

/lcrystal frequency of 20MHZ
/Iheader file
/Iheader file

/lprovide delay for 1s
/[calling initialization function with 9600 baud
rate
/lprovide delay for 1s
/IDisplay RDL on hyper terminal

/Icheck whether it is ready to receive a data

/Iread a data and store in variable
/[display on terminal
/lenter

/[carriage return

www.researchdesignlab.com
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__delay_ms(1000); /Iprovide delay of 1s
}
Iwhile(1);
}
char UART _Init(const long int baudrate)
{
unsigned int x;
x = (_XTAL_FREQ - baudrate*64)/(baudrate*64);
if(x>255)
{
x = (_XTAL_FREQ - baudrate*16)/(baudrate*16);
BRGH =1, //High Baud Rate Select bit set to high
}
if(x<256)
{
SPBRG = x; //Writing SPBRG register
SYNC =0; //Selecting Asynchronous Mode
SPEN =1, /lenables serial port
TRISC7 =1;
TRISC6 = 1;
CREN =1, /lenables continuous reception
TXEN =1, /lenables continuous transmission
return 1,
}
return O;
}

char UART_TX_Empty()

{
return TRMT; /IReturns Transmit Shift Status bit
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char UART_Data_Ready()

{
return RCIF; /[Flag bit
}
char UART_Read() /lthis function is used to read a byte
{
while(IRCIF); //Waits for Reception to complete
return RCREG; //Returns the 8 bit data
void UART_Read_Text(char *Output, unsigned int length)//this function is used to read a text
{
int i
for(int i=0;i<length;i++)
Output[i] = UART_Read();
}
void UART_Write(char data) /lthis function is used to write a byte
{
while(ITRMT);
TXREG = data; [ltransmit register
}
void UART_Write_Text(char *text) /Ithis function is used to write a string
int i

for(i=0;text[i]!="\0";i++)
UART_Write(text[i]);
}
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Lab 5.Interfacing PWM to vary the brightness of LED

1/0O connection:

PORT C1->LEDI.

PORTC2->LED?2

#include<htc.h>

#define XTAL 20000 //20Mhz=20000Khz
#define PWM_Freq 1 /[1Khz PWM frequency
#define TMR2_PRE 16 /[Timer2 Prescale

#define PR2_Val  ((char)((XTAL/(4*TMR2_PRE*PWM _Freq))-1))
/[Calculation for Period register PR2 (2Khz
#define Duty_Cyc PR2_Val*2
unsigned int i;
void PWM_init(void); // This function is to initialize the PWM
void PWM_change(unsigned int); /[This function is to change theDuty cycle
routine
void DelayMs(unsigned int); /lthis function is to provide a delay
void main(void)
{
PWM _init();
while(1)
{
i=0;
PWM_change(i);
DelayMs(10);
while(i<PR2_Val)
{
i=i+1;

PWM_change(i);
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DelayMs(200);
}

¥
¥

void PWM_init(void)

{
TRISC2=0; [[PWM channel 1 and 2 configured as output
TRISC1=0;
PORTC = 0x00;
CCP1CON=0x0c; //CCP1 and CCP2 are configured for PWM
CCP2CON=0x0c;
PR2=PR2_Val; /IMove the PR2 value
T2CON=0x03; /[Timer2 Prescale is 16
TMR2=0x00;
TMR20N=1; /[Turn ON timer2
}

void PWM_change(unsigned int DTY) //Duty cycle change routine

{
CCPR1L=DTY; /IValue is between 0 to 255
CCPR2L=DTY;
}
void DelayMs(unsigned int Ms) //Delay Routine
{
int delay_cnst;
while(Ms>0)

www.researchdesignlab.com Page 38



(74 Research
Designlab programming with PIC Microcontroller

{
Ms--;
for(delay_cnst = 0;delay_cnst <220;delay_cnst++);  //delay constant for 1IMs @20Mhz
}

Lab 6. Interfacing KEYPAD to display value on LCD when a key is pressed.
1/0O connection:

PORT D0 tO D7->DO to D7 of LCD
ENABLE->CO

R/W->GROUND

R/S=>C1

R1,R2,R3,R4->PORT BO to B3
C1,C2,C3,C4->PORT4 to B7

#include <htc.h>

#include <stdio.h> /I Define 1/O functions
#define XTAL 20000000
#define BAUD_RATE 9.6 /19600 Baudrate

www.researchdesignlab.com Page 39



b =4 Research
@

Designlab prooramming with PIC Microcontroller

#define BAUD_VAL (char)(XTAL/ (16 * BAUD_RATE)) - 1;

#define EN RCO

#define RS RC1

void ScanCol(void);

void ScanRow(void);

void DelayMs(unsigned int);

void LCD_Cmd(unsigned char);

void LCD_Init(void);

void LCD_Display( char *addr);

void LCD_SendDataByte(unsigned char);

unsigned char KeyArray[4][4]={ '1'23'4,
'5''6','7",'8",
'9''A'B','C,
'D''E''F,'0},

/ICalculation For9600 Baudrate @20Mhz

//IColumn Scan Function

/Row Scan Function

/IKeypad value Initialization Function

unsigned char Count[4][4]={0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0};

int Col=0,Row=0,count=0,i,j;

void main()

{

TRISD=0x00;
TRISC=0x00;
LCD_Init();

DelayMs(1000);

/[set registerD as output
//set register C as output
/linitialize LCD
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nRBPU=0;

while(1)

{
TRISB=0X0f;

PORTB=0X00;
while(PORTB==0x0f);
ScanRow();

TRISB=0XTf0;

PORTB=0X00;
while(PORTB==0xf0);
ScanCol();

DelayMs(1000);
Count[Row][Col]++;
LCD_Cmd(0X01);
LCD_Cmd(0X80);
LCD_SendDataByte(KeyArray[Row][Col]);
DelayMs(1000);

¥

void ScanRow()

{

switch(PORTB)
{

www.researchdesignlab.com

/[Enable PORTB Pullup values

/l Enable the 4 LSB as I/P & 4 MSB as
o/P

/I Get the ROW value

// Enable the 4 LSB as O/P & 4 MSB as
I/P

/I Get the Column value

/lprovide a delay of 1s
/I Count the Pressed key
/[clear the LCD
/11* row of the LCD
//send keypad value and display on LCD
/Iprovide delay of 1s

/I Row Scan Function
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case 0x07:

Row=3; Il 4th Row
break;

case 0x0b:

Row=2; // 3rd Row
break;

Programming with PIC Microcontroller

case 0x0d:

Row=1; // 2nd Row
break;

case 0x0Oe:

Row=0; Il 1st Row
break;

void ScanCol() // Column Scan Function

{

switch(PORTB)
{
case 0x70:
Col=3; I 4th Column
break;
case Oxb0:
Col=2; // 3rd Column
break;
case 0xdO:
Col=1; // 2nd Column
break;

case 0xe0:
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Col=0; // 1st Column
break;
¥
}
[*LCD CODE*/
void LCD_Delay() /[delay routine
{
__delay_ms(1);
}
void LCD_Cmd(unsigned char cmd) /Ithis function is to write command to the LCD
{
PORTB=cmd;
RS=0; //Set RS pin to low in order to send a
command to the LCD
EN=1; /Iset EN pin to high in order to send high pulse
LCD_Delay(); /lgive a small delay
EN=0; //set EN pin to low in order to make pulse low
LCD_Delay(); /lgive a small delay
}
void LCD_Init() /Nnitializing LCD
{

unsigned char cmd[5]={0X38,0X06,0X0F,0X01,0X80},Count
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//0x38 represents 5x7 matrix ,0x06 represent entry mode,0x0f represent display on cursor
blinking,0x01 represents clearing the LCD,0x80 represents 1% row

for(Count=0;Count<5;Count++)

LCD_Cmd(cmd[Count]);

}
void LCD_SendDataByte(unsigned char data) //this function is to write a byte on LCD
{
PORTB=data,;
RS=1, //make RS pin high inorder to send a data
EN=1; //set enable pin to high in order to send high
to low pulse
LCD_Delay(); /lprovide a small delay
EN=0;
LCD_Delay();
}
void LCD_Display( char *addr) /lthis function is to display a string on LCD
{
while(*addr)
{
LCD_SendDataByte(*addr);
addr++;
}
}
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Lab7. Interfacing 7segment

1/0O connection:
AB,C,D.E,F,G,DP>BO0 to B7

DIG1,DIG2,DIG3,DIG4 A0 to A3

#include<htc.h>
#define CNTRL_PORT PORTA
#define DATA_PORT PORTB

void hex2dec(unsigned char); /ffunction to convert hex value to decimal

void send_seg(unsigned char,unsigned char,unsigned char,unsigned char); //Function to display
count on 7seg

void DelayMs(unsigned int); /[function to provide delay

unsigned char x;

unsigned char thou=0,hun=0,ten=0,single=0;

unsignedcharCA[10] = {0xc0,0xf9,0xa4,0xb0,0x99,0x92,0x82,0xf8,0x80,0x90};

unsignedchar CC[10] = {0x3f,0x06,0x5b,0x4f,0x66,0x6d,0x7d,0x07,0x7f,0x6f};

unsigned char CA_CNTRL[4] = {0x07,0x0b,0x0d,0x0e};
unsigned char CC_CNTRL[4] = {0x08,0x04,0x02,0x01};
unsigned char n=1;
void main()
{
unsigned char number;
nRBPU =0;
TRISB=0x00; /[[PORTB configured as O/P
ADCON1=0x07; //IConfigure PORTA & PORTE as Digital
port
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TRISA=0x00; /[PORTA Configured as O/P
while(1)
{
if(x == 200)
{
x=0;
single++; /lIncrement up to 9 in unit place
if(single>9)
{
single=0;
ten++; /lIncrement up to 9 in Tenth place
if(ten>9)
{
ten=0;
hun++; //Increment up to 9 in Hundredth place
if(hun>9)
{
hun=0;
thou++; //Increment up to 9 in Thousandth place
if(thou>9)
thou=0;
}
}
}
}
X++:
send_seg(thou,hun,ten,single);
}
}
void send_seg(unsigned char thou,unsigned char hun,unsigned char ten,unsigned char single)
if(n==1)
{
CNTRL_PORT=CA_CNTRL[O]; //[Eanble Unit place 7-Segment
DATA_PORT=CA[single]; /[Display Unit Place Number
n=2,
DelayMs(5);
}
else if(n==2)
{
CNTRL_PORT=CA_CNTRL[1]; //[Eanble Tenth place 7-Segment
DATA_PORT=CA[ten]; //Display Tenth Place Number
n=3;
DelayMs(5);
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¥
else if(n==3)
{
CNTRL_PORT=CA_CNTRL[2];  //Enable Hundredth place 7-Segment
DATA_PORT=CA[hun]; /[Display Hundredth Place Number
n=4;
DelayMs(5);
else if(n==4)
{
CNTRL_PORT=CA_CNTRL[3]; //Eanble Thousandth place 7-Segment
DATA_PORT=CA[thou]; /[Display Thousandth Place Number
n=1,
DelayMs(5);
}
void DelayMs(unsigned int Ms)
{
int delay_cnst;
while(Ms>0)
{
Ms--;
for(delay_cnst = 0;delay_cnst <220;delay_cnst++);
}
}
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Lab 8. Interfacing GSM modem to send and receive the message

I/Oconnection:
Vin of GSM—=>12v

Ground of GSM->Ground
DO0,D1 of GSM>TX,RX

#define <htc.h>

#define _XTAL_FREQ 20000000 /lcrystal frequency of 20MHZ
#include "uart.n" /Iheader file

#include "string.h" /Iheader file

char UART _Init(const long int baudrate)
{
unsigned int x;
x = (_XTAL_FREQ - baudrate*64)/(baudrate*64);
if(x>255)
{
x = (_XTAL_FREQ - baudrate*16)/(baudrate*16);
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BRGH =1, //High Baud Rate Select bit set to high
}
if(x<256)
{
SPBRG =x; //Writing SPBRG register
SYNC =0; //Selecting Asynchronous Mode
SPEN =1, /lenables serial port
TRISC7 = 1;
TRISC6 = 1;
CREN =1, /lenables continuous reception
TXEN =1, /lenables continuous transmission
return 1;
}
return O;

char UART_TX_Empty()

{
return TRMT; /IReturns Transmit Shift Status bit

¥

char UART_Data_Ready()

{
return RCIF; /[Flag bit
}
char UART_Read() /lthis function is used to read a byte
{
while('RCIF); //Waits for Reception to complete
return RCREG; /IReturns the 8 bit data

www.researchdesignlab.com Page 49



b=-4 Research
™)) ¢
&) Design Lab Programming with PIC Microcontroller

void UART_Read_Text(char *Output, unsigned int length

//this function is used to read a text

{
inti;
for(int i=0;i<length;i++)
Output[i] = UART_Read();
}
void UART_Write(char data) /Ithis function is used to write a byte
{
while(ITRMT);
TXREG = data; [[transmit register
}
void UART_Write_Text(char *text) /Ithis function is used to write a string
inti;

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

}

void main()

{

UART _Init(9600); /linitialize the UART function
__delay_ms(1000); /lprovide the delay of 1s

while(1) /linfinite loop

{

__delay_ms(1000); /lprovide a delay of 1s
UART_Write_Text("AT"); /[attention command
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UART_Write(13); /lenter
UART_Write(10); /[carriage return
__delay_ms(1000); /lprovide delay of 1s
UART_Write_Text("AT+CMGF=1"); /linitialize the modem
UART_Write(13); /lenter
UART_Write(10); /lcarriage return
__delay_ms(1000); /lprovide delay of 1s

UART_Write_Text("AT+CMGS=\"1234567890\""); //send a message

UART_Write(13); /lenter

UART_Write(10); /lcarriage return
__delay_ms(1000); /lprovide delay of 1s
UART_Write_Text("GSM"); /[display on hyper terminal
UART_Write(13); /lenter

UART_Write(10); /[carriage return
__delay_ms(1000); /lprovide delay of 1s
UART_ Write(26); /ICtr +Z

}

}

www.researchdesignlab.com

Page 51



(74 Research
D pest
Designlab programming with PIC Microcontroller

o u o
[neofsosfl
T

1 - s

Wl
"

L]
L]
|

Wi

LED4

Lab 9. Interfacing RELAY to turn the relays ON and OFF.

1/0O connection:

B0,B1,B2,B3-> to relay shield.

#define _XTAL_FREQ 20000000 /lcrystal frequency of 20MHZ
#include "uart.n" /Iheader file
#include "string.h" /Iheader file

#define relayl RB1
#define relay2 RB2
#define relay3 RB3
#define relay4 RB4

char UART _Init(const long int baudrate)
{

unsigned int x;
x = (_XTAL_FREQ - baudrate*64)/(baudrate*64);
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if(x>255)
{
x = (_XTAL_FREQ - baudrate*16)/(baudrate*16);
BRGH =1, //High Baud Rate Select bit set to high
}
if(x<256)
{
SPBRG =x; //Writing SPBRG register
SYNC =0; //Selecting Asynchronous Mode
SPEN =1; /lenables serial port
TRISC7 = 1;
TRISC6 = 1;
CREN =1, /lenables continuous reception
TXEN =1; /lenables continuous transmission
return 1;
}
return O;

char UART_TX_Empty()

{
return TRMT; /IReturns Transmit Shift Status bit

¥

char UART_Data_Ready()

{
return RCIF; /[Flag bit
}
char UART_Read() /this function is used to read a byte
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{
while(IRCIF);
return RCREG;

//Waits for Reception to complete
//Returns the 8 bit data

void UART_Read_Text(char *Output, unsigned int length)//this function is used to read a text

{
inti;
for(int i=0;i<length;i++)
Output[i] = UART_Read();
}

void UART_Write(char data)
{

while(ITRMT);

TXREG = data;
}

void UART_Write_Text(char *text)

inti;

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

UART_Write(text[i]);
}

void main()

{

unsigned char ReceivChar;
TRISB=0XO00;
PORTB=0X00;

/this function is used to write a byte

/ltransmit register

/Ithis function is used to write a string

/Imake register as the output
/Imake the PORTB as the output port
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UART_Init(9600);
DelayMs(1000);

while(1)
{
if(UART_Data_Ready())
{
ReceivChar = UART_Read();
UART_Write(ReceivChar);
__delay_ms(1000);

if(ReceivChar=="1")

{

ReceivChar = UART_Read();
UART_Write(ReceivChar);

if(ReceivChar=="N")
relayl=1;

else if(ReceivChar=="F")
relay1=0;

}

else if(ReceivChar=="2")

{
ReceivChar = UART_Read();

UART_Write(ReceivChar);
if(ReceivChar=='N")
relay2=1;

/inititalise the UART
/Iprovide delay of 1s

/Icheck if the data is ready

//store the data in a variable
/[display on hyperterminal
/lprovide delay of 1s

/Icheck if the received char is 1if 1

/Istore the data in a variable

/[display on hyperterminal

//if received character is N
/Iturn ON the 1% relay

/lif received character is F
/Iturn OFF the 1% relay

/Icheck if the received char is 2if 2

/[store the data in a variable
/ldisplay on hyperterminal
//if received character is N
/lturn ON the 2nd relay
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else if(ReceivChar=="F') /1if received character is F
relay2=0; /lturn OFF the 2nd relay

¥

else if(ReceivChar=="3") /lcheck if the received char is 3if 3
{

ReceivChar = UART_Read(); //store the data in a variable
UART_Write(ReceivChar); /[display on hyperterminal

if(ReceivChar=='N") /1if received character is N
relay3=1; /lturn ON the 3rd relay
else if(ReceivChar=="F") /1if received character is N
relay3=0; /lturn OFF the 3rd relay
}

else if(ReceivChar=='4") /lcheck if the received char is 4if 4
{

ReceivChar = UART_Read(); /[store the data in a variable
UART_Write(ReceivChar); /[display on hyperterminal

if(ReceivChar=='N") /lif received character is N
relay4=1; [lturn ON the 4th relay
else if(ReceivChar=="F") /[if received character is N
relay4=0; /Iturn OFF the 4th relay

}
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Lab 10. Display a message using I2c Protocol
1/0 connection:

SCL of EEPROM->C3
SDA of EEPROM->C4

#include<htc.h>
#include"string.h"
#include<stdio.h>

#define _XTAL_FREQ 20000000

#define I2C_FREQ 100 // 100khz at 4Mhz

#define FOSC 20000 // 20Mhz==>20000Khz

void WaitMSSP(void); /[function to wait for a operation to complete
void i2c_init(void); lNnitialize the UART

void 12C_Start(void); /[function to send a start bit
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void 12C_Stop(void);

char 12C_Read_Data(void);

/[function to send a stop bit

/lfunction to read a data

char 12C_Write_Data(unsigned char);  //function to write the data

void 12C_Reset(void);

void DelayMs(unsigned int);

char UART _Init(const long int);

void UART_Write_Text(char *);

void UART_Write(char );

char UART _Data_Ready(void);

char UART_Read(void);

void main()

{

char a;
UART_Init(9600);
DelayMs(1000);
i2c_init();
DelayMs(1000);

while(1)

/lfunction to reset the bit

/[function to provide a delay

[/l function to initialize UART

/[function to write the string

/[function to write the byte

/[function to check if data ready

/function to read the data

/linitialize the UART
/[Provide a delay of 1s
/linitialize the 12C
/[Provide a delay of 1s
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{
12C_Start();

DelayMs(100);
12C_Write_Data(0xa0);
DelayMs(100);
12C_Write_Data(0x20);
DelayMs(100);
I12C_Write_Data('a");
DelayMs(100);
12C_Stop();
DelayMs(100);
12C_Start();
DelayMs(100);
12C_Write_Data(0xa0);
DelayMs(100);
12C_Write_Data(0x20);
DelayMs(100);
12C_Reset();
DelayMs(100);
12C_Write_Data(0xal);
DelayMs(100);
a=12C_Read_Data();
UART_Write(a);
DelayMs(100);
12C_Stop();
DelayMs(100);

}

}

//start bit is set in this function
/[Provide a delay
/Iwrite the data on to the location Oxa0(device address)
/[Provide a delay
[Iwrite the data on to location 0x20
/[Provide a delay
//send character ‘a’
/[Provide a delay
/Istop bit is set in this function
/[Provide a delay
/[start bit is set in this function
/[Provide a delay
/Iwrite the data on to the location Oxa0(device address)
/[Provide a delay
/Iwrite the data on to location 0x20
/[Provide a delay
/Ithis function is used to reset
/[Provide a delay
/Iwrite the data on to the location Oxa0(device address)
/[Provide a delay
/Ithis function reads the data stored in EEPROM
/ldisplay the character on hyper terminal
/[Provide a delay
/Istop bit is set in this function

/[Provide a delay

char 12C_Write_Data(unsigned char data)
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/IWaitMSSP();

SSPBUF=data;

WaitMSSP();
}

void 12C_Start()

{
SEN=1;
WaitMSSP():

void 12C_Stop()

{

PEN=1;
WaitMSSP();
}

void 12C_Reset()

{
RSEN=1;

/IThis function is used to write the data onto EEPROM

// wait for the operation to be finished

/ISend Slave address write command

/Iwait for operation to complete

/Ithis function is used to set start bit

[Istart bit is set

/Iwait for operation to complete

/Ithis function is used to set start bit

/Istop bit is set

/Iwait for operation to complete

/Ithis function is used to reset start bit

/l Send re-start bit
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WaitMSSP(); /Iwait for operation to complete
}
char 12C_Read_Data() /Ithis function is used to read data from EEPROM
{
RCEN=1; // Enable receive
WaitMSSP(); /Iwait for operation to complete
ACKDT=1; /I Acknowledge data 1: NACK, 0: ACK
ACKEN=1; /I Enable ACK to send
WaitMSSP(); /Iwait for operation to complete
return SSPBUF; /I Send the received data to PC
DelayMs(30);
}
void WaitMSSP() /[ function for wait for operation to complete
{
while(!SSPIF); I/ while SSPIF=0 stay here else exit the loop
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SSPIF=0; I/ operation completed clear the flag
}
void i2c_init() /[function to initialize 12C
{
TRISC3=1; Il Set up 12C lines by setting as input
TRISC4=1,
SSPCON=0x28; SSP port, Master mode, clock = FOSC / (4 * (SSPADD+1))

SSPADD=(FOSC / (4 * 12C_FREQ)) - 1; //clock 100khz

SSPSTAT=80; /I Slew rate control disabled

void DelayMs(unsigned int Ms) //function to provide a delay

int delay_cnst;

while(Ms>0)
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Ms--;

for(delay_cnst = 0;delay_cnst <220;delay_cnst++);

char UART _Init(const long int baudrate)
{
unsigned int x;
x = (_XTAL_FREQ - baudrate*64)/(baudrate*64);

if(x>255)
{
x = (_XTAL_FREQ - baudrate*16)/(baudrate*16);
BRGH =1, /[High Baud Rate Select bit set to high
}
if(x<256)
{
SPBRG =x; /IWriting SPBRG register
SYNC =0; //Selecting Asynchronous Mode
SPEN =1, /lenables serial port
TRISC7 = 1;
TRISC6 = 1;
CREN =1, /lenables continuous reception
TXEN =1; /lenables continuous transmission
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return 1;

¥

return O;

char UART_TX_Empty()

{
return TRMT; /IReturns Transmit Shift Status bit

¥

char UART_Data_Ready()

{
return RCIF; //Flag bit
}
char UART_Read() /lthis function is used to read a byte
{
while(IRCIF); //Waits for Reception to complete
return RCREG; //Returns the 8 bit data

void UART_Read_Text(char *Output, unsigned int length)//this function is used to read a text
{

inti;

for(int i=0;i<length;i++)

Output[i] = UART_Read();

void UART_Write(char data) /Ithis function is used to write a byte

{
while(ITRMT);
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TXREG = data; [[transmit register

}

void UART_Write_Text(char *text) /Ithis function is used to write a string
inti;

for(i=0;text[i]!="\0";i++)
UART_Write(text[i]);
¥

Lab 11. Working with RTC and controller
Pinconnection:

SCL of RTC->C3
SDA of RTC->C4
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#include<htc.h>

#define  XTAL_FREQ 20000000

#include "string.h"

#define LCOLCTRLIN 0xd0

#define LCO1CTRLOUT 0xd1

#define I2C_FREG 100

#define FOSC 10000

unsigned char sec,min,hour,day,date,month,year;
unsigned char data[7]={0x45,0x59,0x71,0x01,0x13,0x10,0x13};
int i

void DS1307Write(unsigned char,unsigned char);
void WaitMSSP();

unsigned char DS1307Read(unsigned char);

void i2c_init(void);

char UART _Init(const long int);
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void ds1307_init(void);

void DelayMs(unsigned int);

void main()
{
int count=0;
DelayMs(20); /lprovide a delay
ds1307_init(); /linitialize ds1307
UART _Init(9600); /linitialize the UART

for(i=0;i<7:i++)

DS1307Write(i,data[i]);

DelayMs(20); /lprovide a delay
while(1)
{
sec=DS1307Read(0); /l Read second
min=DS1307Read(1); /l Read minute
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hour=DS1307Read(2); /I Read hour
day=DS1307Read(3); // Read day
date=DS1307Read(4); // Read date
month=DS1307Read(5); /l Read month
year=DS1307Read(6); /I Read year

printf("Time: %X : %X : %x ",(hour&0x1f),min,sec); //Display the Hours, Minutes,
Seconds(hours is taken from 5 LSB bits )

printf("Date: %x / %x / %x \r",date,month,year); //Display the Date, Month, Year

DelayMs(150); /lprovide a delay

void DS1307Write(unsigned char addr, unsigned char data)

{
SEN=1; /MNnitiate Start condition on SDA & SCL pins
WaitMSSP();
SSPBUF=LCO1CTRLIN; // Slave address + Write command
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WaitMSSP();

SSPBUF=addr; I/ Write the location
WaitMSSP();

SSPBUF=data; I/ Write the Data
WaitMSSP();

PEN=1,; /l Enable the Stop bit

WaitMSSP();

unsigned char DS1307Read(unsigned char addr)

unsigned char x;
RSEN=1; // Enable the repeated Start Condition

WaitMSSP ();
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SSPBUF=LCO1CTRLIN; // Slave address + Write command

WaitMSSP ();

SSPBUF=addr; //Write the location (memory address of Hour, minute, etc...)
WaitMSSP ();

RSEN=1; // Enable the repeated Start Condition

WaitMSSP ();

SSPBUF=LCO1CTRLOUT; /I Slave address + Read command

WaitMSSP ();

RCEN=1; /I Enable to receive data

WaitMSSP ();

ACKDT=1, /I Acknowledge the operation (Send NACK)
ACKEN=1,; /I Acknowledge sequence on SDA & SCL pins
PEN=1; // Enable the Stop bit

WaitMSSP ();

X=SSPBUF; /I Store the Receive value in a variable
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return (x);
void WaitMSSP()

while(!SSPIF); Il SSPIF is zero while TXion is progress

SSPIF=0;

void ds1307_init()

{
TRISC3=1; /l RC3,RC4 set to 12C Mode(Input)
TRISC4=1,
SSPCON=0x28; // Enable the SDA,SCL & 12C Master Mode

SSPADD=(FOSC / (4 * 12C_FREG)) — 1,// SSP baud rate 100Khz

SSPSTAT=0x80; /I Disable slew Rate control

PORTC=0x18;
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DS1307Write(0,0x00);

void putch(unsigned char byte

while(!TXIF);

TXREG = byte;

void DelayMs(unsigned int Ms)

int delay_cnst;

while(Ms>0)

//Required for printf statement

I/l Wait for the Transmit Buffer to be empty

/I Transmit the Data

/[Function to provide a delay
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Ms--;

for(delay_cnst = 0;delay_cnst <220;delay_cnst++);

char UART _Init(const long int baudrate) /[function to initialize the UART
{

unsigned int x;
x = (_XTAL_FREQ - baudrate*64)/(baudrate*64);

if(x>255)
{
X = (_XTAL_FREQ - baudrate*16)/(baudrate*16);
BRGH =1, //High Baud Rate Select bit set to high
}
if(x<256)
{
SPBRG =x; //Writing SPBRG register
SYNC =0; //Selecting Asynchronous Mode
SPEN =1; /lenables serial port
TRISC7 = 1;
TRISC6 = 1;
CREN =1, /lenables continuous reception
TXEN =1; /lenables continuous transmission
return 1;
}
return O;
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Power supply, 5V-12V

All digital circuits require regulated power
supply. Here is a simple power supply circuit
diagram used on this board.

You can use AC or DC source (12V) which
converts into regulated 5V which is required for
driving the development board circuit.
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1. 40 pin ZIF socket for IC mount & ISP connector®

Select the IC's from the given list and mount on the ZIF socket. ZIF socket pin maps out PORT1
PORT2 PORT3 PORT4 for easy making connections for the rest of the circuit. Port 1 is enabled with
pull up circuit and also connected ISP for easy on board Programming.
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2. Reset é 3. Node connector

Resets your microcontroller by pressing s23 Node connector is an additional on board
¢ connection extender or 1 connection IN
and 1 connection out

4. 4 digit 7 segment display

One seven segment digit consist of 7+1 LEDs which are arranged in a specific formation which
can be used to represent digits from 0 to 9 and even some letters. One additional LED is used for
marking the decimal dot, in case you want to write a decimal point in the desired segment.

BRI
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5. 26 pin raspberry connector 6. Arduino Shield footprint

26 Pin raspberry connectoris an easy way for :  Arduino Shield footprint is provided in the

making connections with raspberry pi with board to mount different types of Arduino

this development board. : compatible shields on this development
:  board.
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7. ULN 2803 driver

IC ULN2803 consists of octal high voltage, high current darlington transistor arrays. The eight NPN
Darlington connected transistors in this family of arrays are ideally suited for interfacing between
low logic level digital circuitry (such as TTL, CMOS or PMOS/NMOS) and the higher
current/voltage requirements of lamps, relays, printer hammers or other similar loads for a
broad range of computer, industrial, and consumer applications.
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Features Working

« Eight Darlingtons with Common Emitter.

» Open-collector outputs.

» Free wheeling clamp diodes for
transient suppression.

e Qutput Current to 500 mA.

e Qutput Voltage to 50 V.

« Inputs pinned opposite outputs
to simplify board layout.

The ULN 2803 IC consists of eight NPN Darlington
connected transistors (often called a Darlington
pair). Darlington pair consists of two bipolar
transistors such that the current amplified by
the first is amplified further by the second to
get a high current gain B or hFE. The figure
shown below is one of the eight Darlington pairs
of ULN 2803 IC.

—
. ouTt
2.7K
- s G 5 Now 2 cases arise:-
. ‘ ¢ i Case 1: When INis 0 volts.
o ,l/m 5 Q1 and Q2 both will not conduct as there is no
}\ : base current provided to them. Thus, nothing
- . will appear at the output (OUT).
NN H

Case 2: When INis 5 volts.

Input current will increase and both transistors Q1 and Q2 will begin to conduct. Now, input
current of Q2 is combination of input current and emitter current of Q1, so Q2 will conduct more
than Q1 resulting in higher current gain which is very much required to meet the higher current
requirements of devices like motors, relays etc. Output current flows through Q2 providing a path
(sink) to ground for the external circuit that the output is applied to. Thus, when a 5V input is
applied to any of the input pins (1 to 8), output voltage at corresponding output pin (11 to 18)
drops down to zero providing GND for the external circuit. Thus, the external circuit gets
grounded at one end while it is provided +Vcc at its other end. So, the circuit gets completed and
starts operating.
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8.

12C bus

One IC that wants to talk to another must: (Protocol)

1)
2)

3)

Wait until it sees no activity on the I12C bus. SDAand SCL are both high. The bus is 'free'.

Put a message on the bus that says 'its mine' - | have STARTED to use the bus. All other ICs then
LISTEN to the bus data to see whether they might be the one who will be called up
(addressed).

Provide on the CLOCK (SCL) wire a clock signal. It will be used by all the ICs as the reference
time at which each bit of DATA on the data (SDA) wire will be correct (valid) and can be used.
The data on the data wire (SDA) must be valid at the time the clock wire (SCL) switches from
‘low' to 'high’ voltage.

Put out in serial form the unique binary 'address’'(name) of the IC that it wants to
communicate with.

Put a message (one bit) on the bus telling whether it wants to SEND or RECEIVE data from the
other chip. (The read/write wire is gone!)

Ask the other IC to ACKNOWLEDGE (using one bit) that it recognized its address and is ready to
communicate.

After the other IC acknowledges all is OK, data can be transferred.

The first IC sends or receives as many 8-bit words of data as it wants. After every 8-bit data
word the sending IC expects the receiving IC to acknowledge the transfer is going OK.

When all the data is finished the first chip must free up the bus and it does that by a special
message called 'STOP'. It is just one bit of information transferred by a special 'wiggling’ of the
SDA/SCLwires of the bus.
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9. SPI bus

Serial to Peripheral Interface (SPI) is a hardware/firmware communications protocol developed
by Motorola and later adopted by others in the industry. Microwire of National Semiconductor is
same as SPI. Sometimes SPI is also called a "four wire" serial bus.

The Serial Peripheral Interface or SPI-bus is a simple 4-wire serial communications interface used
by many microprocessor/microcontroller peripheral chips that enables the controllers and
peripheral devices to communicate each other. Even though it is developed primarily for the
communication between host processor and peripherals, a connection of two processors via SPI is
just as well possible.

The SPI bus, which operates at full duplex (means, signals carrying data can go in both directions
simultaneously), is a synchronous type data link setup with a Master / Slave interface and can
support up to 1 megabaud or 10Mbps of speed. Both single-master and multi-master protocols are
possible in SPI. But the multi-master bus is rarely used and look awkward, and are usually limited
toasingleslave.

The SPI Bus is usually used only on the PCB. There are many facts, which prevent us from using it
outside the PCB area. The SPI Bus was designed to transfer data between various IC chips, at very
high speeds. Due to this high-speed aspect, the bus lines cannot be too long, because their
reactance increases too much, and the Bus becomes unusable. However, its possible to use the SPI
Bus outside the PCB at low speeds, but this is not quite practical.

The peripherals can be a Real Time Clocks, converters like ADC and DAC, memory modules like
EEPROM and FLASH, sensors like temperature sensors and pressure sensors, or some other devices
like signal-mixer, potentiometer, LCD controller, UART, CAN controller, USB controller and
amplifier.

SPIT

SPI
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10. XBEE footprint/ XBEE Adaptor module

All XBeeZNet 2.5 modules can be identified by their unique 64-bit addresses or a user-
configurable ASCII string identifier The 64-bit address of a module can be read using the SH and SL
commands. The ASCII string identifier is configured using the Nl command.

To transmit using device addressing, only the destination address must be configured. The
destination address can be specified using either the destination device's 64-bit address or its NI-
string. The XBee modules also support coordinator and broadcast addressing modes. Device
addressing in the AT firmware is configured using the DL, DH, or DN commands. In the API
firmware, the ZigBee Transmit Request APl frame (0x10) can be used to specify destination
addresses.

To address a node by its 64-bit address, the destination address must be set to match the 64-bit
address of the remote. In the AT firmware, the DH and DL commands set the destination 64-bit
address. In the API firmware, the destination 64-bit address is set in the ZigBee Transmit Request
frame. ZigBee end devices rely on a parent (router or coordinator) to remain awake and receive
any data packets destined for the end device. When the end device wakes from sleep, it sends a
transmission (poll request) to its parent asking if the parent has received any RF data destined for
the end device. The parent, upon receipt of the poll request, will send an RF response and the
buffered data (if present). If the parent has no data for the end device, the end device may
return to sleep, depending on its sleep mode configuration settings. The following figure
demonstrates how the end device uses polling to receive RF data through its parent.
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11. FT232 breakout
board connector

JP29
A standard FT232 breakout board from CIS 40
researchdesignlab.com could be used RIS amwwq—20
to interface on these connectors, lﬁ—vme—p
whose other end is connected to a USB. +8V/ “ERW% 500
I_ho

GND

12. DC 3.3V connectors

These connectors provide on board
3.3V DC connections.

13. DB-9 female connector

RS-232 is a standard communication protocol for linking computer and its peripheral devices to
allow serial data exchange. In simple terms RS232 defines the voltage for the path used for data
exchange between the devices. It specifies common voltage and signal level, common pin wire
configuration and minimum, amount of control signals.

Serial JP4

L

RESEARCH DESIGN LABS | VOLUME 1, ISSUE 1 WWW.RESEARCHDESIGNLAB.COM



14. 8x1 LED’s

LED's are used to indicate something,
whether any pin is high or indicating
the output for many purposes like
indicating /0 status or program

debugging running state. We have 8_
four led outputs on board which can o
o2
be used by the programmer as per the O3
requirement for testing and 8]
development. Ol

GNL

8 LED

15. 8 way DIP switch

DIP switches are an alternative to jumper blocks. Their main advantages are that they are quicker
to change and there are no parts to lose.

_SWITCH 3
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16. RTC Module

The DS1307 Serial Real Time Clock is a low power, full BCD clock/calendar plus 56 bytes of
nonvolatile SRAM. Address and data are transferred serially via a 2-wire bi-directional bus. The
clock/calendar provides seconds, minutes, hours, day, date, month, and year information. The
end of the month date is automatically adjusted for months with less than 31 days, including
corrections for leap year. The clock operates in either the 24-hour or 12-hour format with AM/PM
indicator. The DS1307 has a built-in power sense circuit which detects power failures and
automatically switches to the battery supply.
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Operation

The DS1307 operates as a slave device on the serial bus. Access is obtained by implementing a
START condition and providing a device identification code followed by a register address.
Subsequent registers can be accessed sequentially until a STOP condition is executed. When VCC
falls below 1.25 x VBAT the device terminates an access in progress and resets the device address
counter. Inputs to the device will not be recognized at this time to prevent erroneous data from
being written to the device from an out of tolerance system. When VCC falls below VBAT the
device switches into a low current battery backup mode. Upon power up, the device switches
from battery to VCC when VCC is greater than VBAT +0.2V and recognizes inputs.

Features:
1. 56 byte nonvolatile RAM for data storage
2. 2-wire serial interface
3. Programmable square wave output signal
4. Automatic power-fail detect and switch circuitry
5. Consumes less than 500 nA in battery backup mode with oscillator running
6. Optional industrial temperature range -40°C to +85°C
7. Available in 8-pin DIP or SOIC
8. Recognized by Underwriters Laboratory PIN ASSIGNMENT
x1d! ™~ 8 Ve
> '
PIN DESCRIPTION sz = A i Sl
1. VCC - Primary Power Supply e L
2. X1, X2 - 32.768 kHz Crystal Connection GNDL{4 5 [1SDA
3. VBAT - +3V Battery Input DS1307 &-Pin DIP (300 mil)
4. GND - Ground
5. SDA - Serial Data
6. SCL - Serial Clock | R ks
7. SQW/0OUT - Square wave/Output Driver X2z 7 W sQw/ouT
Vaar|3 6 [0 SCL
GND 0| 4 5 [0 SDA

DS1307Z 8-Pin SOIC (150 mil)
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18. 2x5x2 jumper node

17. EEPROM

IC, EEPROM 12C 4K, 24C04, DIP8
Memory Size: 4Kbit

Memory Configuration: 512 x 8
Interface Type: 12C, Serial

Clock Frequency: 400kHz

Supply Voltage Range: 2.5V to 5.5V
Memory Case Style: DIP

No. of Pins: 8

Operating Temperature Range: -40°C to +85°C
SVHC: No SVHC (19-Dec-2011)

Base Number: 24

Device Marking: M24C04

IC Generic Number: 24C04
Interface: 12C

Interface Type: Serial, 12C

Logic Function Number: 24C04
Memory Configuration: 512 x 8
Memory Size: 4Kbit

Memory Type: EEPROM

Memory Voltage Vcc: 2.5V
Operating Temperature Max: +85°C
Operating Temperature Min: -40°C
Package / Case: DIP

Supply Voltage Max: 5.5V

Supply Voltage Min: 2.5V
Termination Type: Through Hole
Voltage Vcc: 2.5V

Node connector is an additional on board connection extender

or 1 connection IN and 1 connection OUT

il B

ETHERNET
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19. DC 5V connectors

These connectors provide
on board 5V DC connections.

20. Potentiometer

The Potentiometer Option allows the user to adjust the frequency reference by rotating a
potentiometers dial. Turning the potentiometer changes the frequency reference making it
easier to adjust the motor speed and also to set the duty cycle for PWM values.

21. 4x1 keypad

Switches are mainly used to
switch the controls of a
module. We have four switches
on board which can be used by
the programmer as per the
requirement for testing and
development

swa,

4 Switch
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22. 16x2 LCD connectors

LCD screen consists of two lines with 16 characters each. Each character consists of 5x7 dot
matrix. Contrast on display depends on the power supply voltage and whether messages are
displayed in one or two lines. For that reason, variable voltage 0-Vdd is applied on pin marked as
Vee. Trimmer potentiometer is usually used for that purpose. Some versions of displays have built
in backlight (blue or green diodes). When used during operating, a resistor for current limitation
should be used (like with any LE diode). LCD Connection Depending on how many lines are used
for connection to the microcontroller, there are 8-bit and 4-bit LCD modes. The appropriate mode
is determined at the beginning of the process in a phase called “initialization”. In the first case,
the data are transferred through outputs D0-D7 as it has been already explained. In case of 4-bit
LED mode, for the sake of saving valuable I/0 pins of the microcontroller, there are only 4 higher
bits (D4-D7) used for communication, while other may be left unconnected.

Consequently, each data is sent to LCD in two steps: four higher bits are sent first (that normally
would be sent through lines D4-D7), four lower bits are sent afterwards. With the help of
initialization, LCD will correctly connect and interpret each data received. Besides, with regards
to the fact that data are rarely read from LCD (data mainly are transferred from microcontroller
to LCD) one more I/0 pin may be saved by simple connecting R/W pin to the Ground. Such saving
has its price. Even though message displaying will be normally performed, it will not be possible
toread from busy flag since it is not possible to read from display.

Features:

1. Can display 224 different symbols.

2. Low power consumption.

3. 5x7 dot matrix format.

4. Powerful command set and user produced characters.

FEEEESESESEEEEFE S

Q@ +5V
10K Contrast
LCD Backlight

Fig: Circuit connections of LCD
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Pin Description

1. Gnd:- Power supply ground 4. R/W:- Read/Write pin
2. VCC:-+5v Power supply input 5. En:-Enable pin
3. RS:- Reset pin 6. DO-D7:- Data lines
VR1
T 45 LCD
PRy
‘ 1 &ND 0
O o vce =
8’ 2 CONTR
- -1 RS
= - E
oL 1 bo E
O 5| O 5| &
8:“'} TL:) g{" o c\.-l
3 (m]
ol 1 D4 9 >:"<
S = e !
81ﬁ +5\/ 15 EJL é
o6 | GNDIE| e L

23. Node connector

Node connector is an additional on board connection extender or 1 connection IN and 1
connection out

>
=
-
Q
wn
—
Q
a
Q
-4
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24. 4x4 Matrix Keypad

In a 4x4 matrix keypad eight Input/Output ports are used for interfacing with any
microcontrollers. Rows are connected to Peripheral Input/Output (PIO) pins configured as
output. Columns are connected to PIO pins configured as input with interrupts. In this
configuration, four pull-up resistors must be added in order to apply a high level on the
corresponding input pins as shown in below Figure. The corresponding hexadecimal value of the
pressed key is sent on four LEDs.

Working

This Application Note describes programming techniques implemented on the AT91 ARM-based
microcontroller for scanning a 4x4 Keyboard matrix usually found in both consumer and industrial
applications for numeric data entry.AT91 Keyboard interface In this application, a 4x4 matrix
keypad requiring eight Input/Output ports for interfacing is used as an example. Rows are
connected to Peripheral Input/Output (PIO) pins configured as output. Columns are connected to
PIO pins configured as input with interrupts. In this configuration, four pull-up resistors must be
added in order to apply a high level on the corresponding input pins as shown in Figure 1. The
corresponding hexadecimal value of the pressed key is sent on four LEDs.

FEATURES

1. Contact debouncing.

2. Easy to interface. PIN DETAILS

3. Interfaces to any microcontroller or microprocessor. pin 1-4: RO-R3:- Rows

4. Data valid output signal for interrupt activation. pin 5-8: C0-C3:- Columns

Ldr

22999972

o2 Gg

25. DC 12V connectors

These connectors provide on board
12V DC connections.
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