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ABSTRACT:

‘MONITORING AND CONTROLLING OF CONVEYOR BELT
USING ZIGBEE’ simplifies the access of controlling of conveyor belts at
factory outlet for loading/unloading purpose. In factory outlet point labours are
involved to load and unload the goods to/from the factory. While going for the
labours, it is a time consuming and our project is to minimize the time
consumption and employee cost by wireless control from a PC using low cost
wireless sensor networks-Zigbee protocol.

The output of our project is based on belt conveyor. Conveyors are
used as components in automated distribution and warehousing. In combination
with computer controlled pallet handling equipment this allows for more
efficient retail, wholesale, and manufacturing distribution. It 1s considered a
labour saving system that allows large volumes to move rapidly through a
process, allowing companies to ship or receive higher volumes with smaller
storage space and with less labour expense. Material flowing over the belt may
be weighed in transit using a belt weighter. Belts with regularly spaced
partitions, known as elevator belts, are used for transporting loose materials up
steep inclines Belts with regularly spaced partitions are used for transporting

loose materials —can be controlled for ON /OFF, direction and speed.
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CHAPTER 1

INTRODUCTION

1.1 BRIEF OVERVIEW:

Our system has two sections — a transceiver (control section), a transceiver
(conveyor section). The control section 1s connected to a PC, which receive and

monitor & control the different parameters on the conveyor section.

The control section receives data from the conveyor section and displays it on
the VB counter via Zigbee transceiver. The monitering station measures the
variation in the temperature of the conveyor section. The conveyor belt can be
functioned from wireless station which includes seven different functions such

as start, slow, medium, fast, forward, reverse and stop.

1.2 EMBEDDED SYSTEMS

The embedded system is a dedicated system which is a combination
of hardware and software. As the size of the processor goes smaller and cheaper
more products have the processor embedded in the system. It is basically has a
CPU, memory and control register. The memory 1s the storage device. But this
processor cannot function independently because of the simple reason they
don’t have enough memory and they don’t have direct control over the external
device. The external devices that provide support to the processor are DMA
channel, ROM, RAM etc to make the processor function. This complete set

appears to be very big though they can perform vast tasks.
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CHAPTER 2

BL.OCK DESCRIPTION

2.1 BLOCK DIAGRAM:

2.1.1 CONTROLLER BLOCK:

PC SIDE

R§232 R
PC " "

[

IBMPC
Kevboard

Fig 2.1 Block diagram of control section

ZIGBEE PRO —I

ZiGBEE
TRANSCEIVER



2.1.2 CONVEYOR BLOCK:

CONVEYOR SIDE

LCD Pisplay
ZIGRE 7
TRANSCEIVER
» R.S 23 2 - L] Alarm
ZIGBEE PRO PIC16F8T7A

»
Kevpad

> L}.{B\ LA J k A
Conveyor DC
Model MOTOR Driver Circuit
UNIT

Fig 2.2 Block diagram of conveyor section



2.2 BLOCK DESCRIPTION:
The block diagram is bifurcated as follows
Control block:

It consists of a PC, RS232 cable, MAX-232 IC, Zigbee module and its
driver circuit. The PC is configured in VB interface for displaying various
parameters of the conveyor belt. The power ON/OFF of the conveyor can also
be choosen from here. The control signals are being transmitted by using Zigbee

to the conveyor.
Conveyor block:

This block contains the main hardware interfaces. A DC motor circuit
along with its driver unit ts connected to the PIC microcontroller. The motor
unit drives the conveyor belt and our aim is to control the functionality of this
motor unit. A temperature sensor is connected DC motor, PIC microcontroller
converts these analog values to the digital values with the help of inbuilt ADC.
A keypad, alarm and LCD display were used for user-interface. All these were
connected to the microcontroller and values will be transmitted to the controller
block via Zigbee and the further communications will be received from the
controller block. A keypad 1s used to control the conveyor belt when zigbee

undergoes failure.



2.3 CIRCUIT DIAGRAM AND EXPLANATION:

2.3.1 CIRCUIT DIAGRAM OF CONVEYOR SECTION:
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Fig 2.3 Circuit diagram of Conveyor section

The 230 V AC supply is stepped down to 12 V AC by step down
transformer. The bridge rectifier converts the 12 V AC to 12 V DC. The filter
capacitor filters the noise. Now the regulators 7805 and 7812 are used to supply
a constant voltage of 5V and 12 V DC to various circuits. The relay circuit uses
12 V DC supply whereas the other circuits uses 5V DC supply. The LED 1s

used to indicate the flow of constant current.



The microcontroller uses crystal oscillator which 1s used to trigger the
circuit. The PIC16FF877A microcontroller 1s used to control the functions of
conveyor belt depending upon the commands received from PC through
through ZigBee . The LCD is used to indicate the status of conveyor belt and
measured temperature. The change in functions of conveyor is indicated by
buzzer ON for few seconds. The keypad is interfaced to control the conveyor

when any failure occurs for ZigBee communication.

KEYPAD:

TAOMICROCCHTRCLLER

il

—1® B e e I i e )

—& —&

Fig 2.4 Circuit diagram of Keypad

A keypad is a device used to control the operation of our project event

in the case of Zigbee transceiver failure in the Zigbee transmitter section.



A keypad controls the whole operation programmed by the user in the
Bluctooth receiving section and it contains eight switches. Each switch contains

separate function of our conveyor with user security protection.

ALARM:

The alarm in our project contains both buzzer and LED .It determines
whether the command receive or not in the Xbee receiving section. The alarm
circuit sounds a warning in the form of a continuous or intermittent buzzing or

beeping sound.
LCD DISPLAY:

LCD’s also are used as numerical indicators, especially in digital
watches. LCD needs much smaller current than LED displays (microamperes
compared with mill amperes) prolong battery life. Liquid crystals are organic

(carbon)} compounds, which exhibit both solid and liquid properties.

Lo¢2) I
D1 {31 8 | o
a D35 101 0 2 Line = 16 Character
r D48 Vilpy LD Displary
P A 12| e
L DBis 1310
L Bres 14{ 7
E E RM RS GMD YO Voo
L GND(1825) E Ji S R R
P — Wioo - 0—?\‘; —-4»—1
g 10K = 1
T Strake (1) )i vee Contrast

10k

Select Prirter (17

Fig no 2.5 Circuit diagram of LCD display



A “‘cell’ with transparent metallic conductors, called electrodes, on
opposite daces, containing a liquid crystal, and on which light falls, goes *dark’
when a voltage is applied across the electrodes. The effect i1s due to molecular
rearrangement within the liquid crystal. The LCD display used in our project
consists of 2 rows. Each row consists of maximum 16 characters. So using

maximum of 32 characters can be displayed.

2.3.2 CIRCUIT DIAGRAM OF PC SECTION:

In the computer controlled section, the data which send from controller of
conveyor can be received and processed. The control of conveyor belt can be
made through the keyboard of PC. The ZigBee transceiver can be interfaced to
the PC using UART-RS 232 cable.

"
b4 |
- T '
— A
HART - REZ22 .
: —ers b |

FC

Fig no 2.6 Circuit diagram of PC section
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3.2 FUNCTIONAL CAPABILITY:

3.2.1 ZIGBEE STANDARD:

ZigBee was created to address the market need for a cost-effective,
standards-based wireless networking solution that supports low data-rates, low
power consumption, security and reliability. ZigBee uses the PHY and MAC
layers defined by the IEEE 802.15.4 standard for short distance wireless
communications. The ZigBee PRO network stack supports star and mesh
network topologies, and provides robust communication. Developed on the
IEEER02.15.4 standard, which operates in the globally unlicensed 1SM 2.4GHz
band, ZigBee PRO co-exists with Wi-Fi and Bluetooth. Multiple levels of

security ensure that the network and data remain intact and secure.

3.2.2 ZIGBEE WIRELESS MODULE:

The board is configured with either an XBee-Pro transceiver that is wired
to a SMA RF connector on the edge of the board. The difference between these
two modules is the amount of power consumed (ImW vs. 60mW) and signal
range. For the XBee-Pro configuration, the indoor and urban range is up to 300
feet (100m) and outdoor line-of-sight is up to | mile (1500m). For the XBee the
urban range is 100 feet (30m) and outdoor range is 300 feet (100m). Selection
of the antenna type and placement has a major impact on the range.

By default, the XBee modules are configured to support NonBeacon
communications. NonBeacon systems operate with a peer-to-peer topology and
arc not dependent upon Master/Slave relationships. This provides fast

synchronization times and fast cold starts times.

11



It can also be programmed to support NonBeacon mode as either a
Coordinator or End Device. In a NonBeacon (w/Coordination) system, the
Coordinator mode can be configured to use direct and indirect transmissions. It
will also support Unicast or Broadcast communications.

The ZigBee module requires a serial asynchronous data stream for
command and data. If the data cannot be sent out immediately (for example if it
is currently receiving data) then the serial data will be stored in a buffer and sent

when the RF channel is clear.

INTERRUPTS:

Interrupts are generated on error conditions and/or receive and transmit
buffer status for each of the serial channels. Each of the interrupt outputs is
wired to a jumper header and then to the PC/104 Bus connector. The PCM-
ZigBee supports IRQ channels 3, 4, 5, 6,7, 9, 10, 11, 12, 14, and 15. If the GPS
module is installed, then the 1 pulse per second output can be connected to an

IRQ input.

SERIAL COMMUNICATIONS:

The XBee-PRO OEM RF Modules interface to a host device through a
logic-level asynchronous serial port. Through its serial port, the module can
communicate with any logic and voltage compatible UART; or through a level
translator to any serial device (For example: Through a Max- Stream
proprietary RS-232 or USB interface board). Devices that have a UART
interface can connect directly to the pins of the RF module as shown in the

figure below.

12



CMOS Logic (2.8 - 3.4V) CMOS Logic (2.8 - 3.4V)

Di tdata ing D {data in}
- aE s

Figure 3.2 System Data Flow Diagram in a UART-1nterfaced

environment

Data enters the module UART through the DI pin (pin 3) as an
asynchronous serial signal. The signal should idle high when no data is being

transmitted
ANTENNA OPTIONS:

The following antennas have been tested and approved for use with the
embedded XBee-PRO RF Module:

» Dipole (2.1 dBi, Omni-directional, Articulated RPSMA, MaxStream
part number A24-HABSM)

* Chip Antenna (-1.5 dB1)
+ Attached Monopole Whip (1.5 dBi)

The RF modem encasement was designed to accommodate the RPSMA
antenna option. This device has been designed to operate with the antennas

having a maximum of 17.5 dB. The required antenna impedance is 50€2.

13



EXTERNAL INTERFACE:

The development kit includes an RS-232 and a USB interface board. Both
boards provide a direct connection to many serial devices and therefore provide
access to the RF module registries. Parameters stored in the registry allow
OEMs and integrators to customize the modules to suite the needs of their data
radio systems. Since the module requires signals to enter at TTL voltages, one

of the main functions of the interface board is to convert signals between TTL
levels and RS- 232 and USB levels.

DB9 serial port

RSSILEDs —

/0 & Bower LEDS

Fower Connector —

v Config switch

Figure 3.3 External interface-Front view
POWER SUPPLY:

A 3.3 volt regulator is on board to supply to the XBee-Pro module so that
the PCM-ZigBee only requires +5V to operate.

14



3.3 ZIGBEE PIN SIGNALS:

XBee-PRO

(top view)

SR

b
3
5
n\
i
——
;

[ I
i £i6 o
DI I e o
o o
& -
o I
[ -]
& &
£ &
PIN 1T elig | FIN 11
Y
iy _——

Figure 3.4 Mechanical drawings of ZigBee Pro

Pin# . Name . Direction Description
L VGC ; ' Power suppy
RV DOUT ‘ UART Date Cul
; W . D“flilf‘ém ,,,,,,,,,,,,,, M. R Data o
] T D|g|tal oo pu 5
5 RESET : ' Modu!e Reset ('eset pwse mLst be at least 200 ns) '
B PWMO / RSSI| Output - g’\:‘l Ou*put 0/RX S\gna Sircrgﬂ* lnd‘caro
7 PWM1 Output . I;’V\:‘Mmeutput i T
; [reserved'}W” . : o ,m e B
9 . DIR/SLEEPRQ/DB | lpst i Sleep Conlrol Line cr Digital rput 8
o o~ e i R
T AD4/ DI04 T ERer T T Rnaiog nput d or Digital 104
“]2,“ e S 1 Dlg ey
T e o Oulput” i L T
14 : ' VREF : Input ' - Vott age Reference ’orADiwputs
15 .“A.s;é.--ociate i AD5 { DIOS " Fither  Associated Indicator Anaiog nput & or D.glta' BB
e RTS {AD6 D!Ob T  Ether Request -to- c-end Fow Contral, Anaiou inpu ) > 0 Dgatai e
PN g = og lnput 5 . ngual o
, Either  Analog nput 2 or Digtal I 02
TheT T U Tantioior T L Eiher  Anaioginput 1 or Digital 10 1
T v M S o Enputﬂ - Drgltal O

Table no.1 Pin description of ZigBee transceiver
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DESIGN NOTES:

» Minimum connections: VCC, GND, DOUT & DIN

« Minimum connections for updating firmware: VCC, GND, DIN, DOUT, RTS

& DTR

» Signal Direction is specified with respect to the module

» Module includes a 50k Q pull-up resistor attached to RESET

» Several of the input pull-ups can be configured using the PR command

+» Unused pins should be left disconnected

3.4 ZIGBEE TRANSCEIVER:

DIAGRAM:

Seral
» Receiver

Bufter

| ————

Seriat Transmit

Buffer

Processer

RF T«
Buffer

| 7

RE "
Zuler

o Transmitter

RE Switgn

|
A

o Anlerra
For:

Fig 3.5 Block Diagram of ZigBee Transceiver
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CHAPTER 4

POWER SUPPLY

4.1 INTRODUCTION:

The present chapter introduces the operation of power supply circuits
built using filters, rectifiers and then voltage regulators. Starting with a AC
voltage, a steady DC voltage 1s obtained by rectifying the AC voltage, then
filtering to a DC level, and finally regulating to obtain a desired fixed DC

voltage.
4.2 BLOCK DIAGRAM:

The ac voltage, typically 220V mms, is connected to a transformer,
which steps that ac voltage down to the level of the desired dc output. A diode
rectifier then provides a full-wave rectified voltage that is initially filtered by a

simple capacitor filter to produce a dc voltage.

bv NN
r

A
— | Transformer Rectifier T"‘ Filter ‘—‘L IC regulator * Load

Fig 4.1-Block Diagram of power supply
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4.3 WORKING PRINCIPLE:
4.3.1 TRANSFORMER:

The potential transformer will step down the power supply
voltage (0-230V) to (0-6V) level. Then the secondary of the potential
transformer will be connected to the precision rectifier, which is connected with
the help of op-amp. The advantages of using precision rectifier, it will give peak

voltage output as DC, rest of the circuits will give only RMS output.
4.3.2 BRIDGE RECTIFIER:

When four diodes are connected as shown in figure, the circuit is called
as bridge rectifier. The input to the circuit is applied to the diagonally opposite

corners of the network, and the output is taken from the remaining two corners.

Let us assume that the transformer is working properly and there is
positive potential, at point A and a negative potential at point B. The positive

potential at point A will forward bias D3 and reverse bias D4.

The negative potential at point B will forward bias D1 and reverse bias
D2. At this time D3 and D1 are forward biased and will allow current flow to

pass through them; D4 and D2 are reverse biased and will block current flow.

The path for current flow is from point B through D!, up through RL,
through D3, through the secondary of the transformer back to point B. This path
1s indicated by solid arrows. Wave forms (1) and (2) can be observed across D1
and D3.

18



+5V POWER SUPPLY

SEFTRE: — D SRR
\P/R;}z
N,
230 AC J L= - T :: I o=
; . 2 nE
S 23 ,/*34
ARINATNT
¥ g
) 1 OG0
b + 12V POWER SUPPLY
H : 2
{az R
2304 AL :F L;,r_g‘!“: :’::" ‘:P‘E
L' ]

Fig 4.2-Circuit Diagram of power supply

One-half cycle later the polarity across secondary of the transformer
forward biasing D2 and D4 and reverse biasing D1 and D3. Current flow will
now be flow from point a through D4, up through R, through D2, through the
secondary of T1, and back to point A. This path is indicated by the broken
arrows. Waveforms (3) and (4) can be observed across D2 and D4. The current
floe through RL is always in same direction. In flowing through RL, this current
develops a voltage corresponding to that shown waveform (5).since current
flows through the load (RL) during both half cycles of applied voltage, this

bridge rectifier is a full wave rectifier.
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One advantage of a bridge rectifier over a conventional full-wave
rectifier is that with a given transformer the bridge rectifier produces a voltage

output that is nearly twice that of the conventional full-wave circuit.

This may be shown by assigning values to some of the components
shown in views A and B. Assume that the same transformer is used in both the
circuits. This peak voltage is developed in between X and Y is 1000 volts in
both circuits. In the conventional full-wave circuit shown- in view A, the peak
voltage that can be rectified at any instant is 500 volts. Since only one diode can
conduct at any instant, the maximum voltage that can be rectified at any instant

1s 500 volts

The maximum voltage that appears across the load resistor is nearly-
but exceeds-500 volts, as result of the small voltage drop across the diode. In
the bridge rectifier shown in view B, the maximum voltage that can be rectified
is the full secondary voltage, which is 1000 volts. Therefore, the peak output
voltage across the load resistor is nearly 1000 volts. With both circuits using the
same transformer, the bridge rectifier circuit produces a higher output voltage

than the conventional full-wave rectifier circuit.
4.3.3 FILTERS:

Capacitors are used as filters in the power supply unit. Shunting the
toad with the capacitor., affects filtering. The action of the system depends upon
the fact the capacitor stores energy during the conduction period and delivers
this energy to the load during the inverse or non-conducting period. In this way,
time during which the current passes through the load prolonged and ripple is

considerably reduced.

20



434 1IC VOLTAGE REGULATORS:

Voltage regulators comprise a class widely used ICs. Regulator IC
unit contain the circuitry for reference source, comparator amplifier, control
device and overload protection all in a single IC. IC units provide regulation of
either a fixed positive voltage, a fixed negative , or an adjustably set voltage.
The regulators can be selected for operation with load currents from hundreds of

milli amperes, corresponding to power ratings from milli watts to ten of watts.
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CHAPTERS
RELAY UNIT
5.1 INTRODUCTION:

Relays are components, which allow a low power circuit to switch a
relatively high current ON and OFF, or to control signals that must be
electrically isolated from the controlling circuit itself. The DC motor operates at

12 V through relay.
5.2 RELAYS WORK:

Relays are composed of a coil of wire around a steel core, a switch,

and a spring that hold one or more contacts.

When an electrical flows through the coil it becomes energized, acting
like an electromagnet. The refuse field opens the contacts, and closes the circuit.

When electrical current stops flowing, the opposite occurs.

VI

LOAD
LOGIC 1 =0HN DIODE
LOGIC 0= OFF z RELATY
Tm———— CONTACT
< CONTROL 0
RELAY
10K COIL
NFN

SND ~—
Figure 5.1 circuit diagram of relay
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5.3 DRIVER CIRCUIT:

The circuit is designed to control the motor in the forward and reverse
direction. The circuit consists of a relay. The relay ON and OFF is controlled by

the switch transistor.

The relay is nothing, but an electro magnetic switch device which
consists of three pins. They are common, Normally Closed and Normally
Opened. The common pin of relay is connected to positive and negative

terminal of the motor through snubber circuit.

The relay is connected in the collector terminal of the transistor. When
high pulse signals is given to base of the transistor, the transistor conduct and
shorts the collector and emitter terminal and zero signals arc given to base of the
transistor so the relay is turned OFF state. When low pulse 1s given to the base

of the transistor, the transistor conduct and the relay is turned ON.

—F &
:

e QT DR AT

TOREL AT DRNVES CIBCHIT 4 e l 1

Figure 5.2 Circuit diagram for Relay
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Figure 5.3 Circuit diagram of relay driver

Circuit symbol for a relay:

The coil of a relay passes a relatively large current, typically 30mA for a
12V relay, but it can be as much as 100mA for relays designed to operate from
lower voltages. Most ICs (chips) cannot provide this current and a transistor is
usually used to amplify the small IC current to the larger value required for the

relay coil.
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Figure no 5.2 Circuit symbol for a relay
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The relay's switch connections are usually labelled COM, NC and NO

« COM = Common, always connect to this, it is the moving part of the
switch.

« NC = Normally Closed, COM is connected to this when the relay coil 1s
off.

» NO = Nommally Open, COM is connected to this when the relay coil is

on.

Relays allow one circuit to switch a second circuit which can be completely
separate from the first. For example a low voltage battery circuit can use a relay
to switch a 230V AC mains circuit. There is no electrical connection inside the

relay between the two circuits, the link is magnetic and mechanical.
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CHAPTER 6

MICROCONTROLLER

6.1 INTRODUCTION:

Microcontroller helps in every automation and controlling applications.

PIC16F877A:

High-Performance RISC CPU:

* Only 35 single-word instructions to learn

» All single-cycle instructions except for program branches, which are two-cycle
* Operating speed: DC - 20 MHz clock input DC — 200 ns instruction cycle

* Up to 8K x 14 words of Flash Program Memory, Up to 368 x 8 bytes of Data
Memory (RAM), Up to 256 x 8 bytes of EEPROM Data Memory

* Pinout compatible to other 28-pin or 40/44-pin PIC16CXXX and PIC16FXXX

microcontrollers

Peripheral Features:

* Timer(: 8-bit timer/counter with 8-bit prescaler

* Timerl: 16-bit timer/counter with prescaler, can be incremented during Sleep
via external crystal/clock

- Timer2: 8-bit timer/counter with 8-bit period register, prescaler and postscaler
* Two Capture, Compare, PWM modules

- Capture is 16-bit, max. resolution is 12.5 ns

- Compare is 16-bit, max. resolution is 200 ns

- PWM max. resolution is 10-bit

» Synchronous Serial Port (SSP) with SPI™ (Master mode) and 12C™
{Master/Slave)
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« Universal Synchronous Asynchronous Receiver Transmitter (USART/SCI)
with 9-bit address detection

» Parallel Slave Port (PSP) — 8 bits wide with external RD, WR and CS controls
(40/44-pin only)

* Brown-out detection circuttry for Brown-out Reset (BOR)

Analog Features:

» 10-bit, up to 8-channel Analog-to-Digital Converter (A/D)

* Brown-out Reset (BOR)

* Analog Comparator module with:

- Two analog comparators

- Programmable on-chip voltage reference (VREF) module

- Programmable input multiplexing from device inputs and internal voltage
reference

- Comparator outputs are externally accessible

Special Microcontroller Features:

+ 100,000 erase/write cycle Enhanced Flash program memory typical
» 1,000,000 erase/write cycle Data EEPROM memory typical

» Data EEPROM Retention > 40 years

* Self-reprogrammable under software control

* In-Circuit Serial Programming™ (ICSPT) via two pins

» Single-supply 5V In-Circuit Serial Programming

* Watchdog Timer (WDT) with its own on-chip RC oscillator for reliable
operation

* Programmable code protection

* Power saving Sleep mode

* Selectable oscillator options

* In-Circuit Debug (ICD) via two pins
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CMOS Technology:

» Low-power, high-speed Flash/EEPROM technology
* Fully static design

» Wide operating voltage range (2.0V to 5.5V)

» Commercial and Industrial temperature ranges

» Low-power consumption
FEATURES OF PIC MICROCONTROLLER:

* The PIC microcontroller family meets the specifications contained

in the Microchip Data Shect.

* Microchip believes that its family of PIC microcontrollers is one of

the most secure products of its kind on the market today.

» There are dishonest and possibly illegal methods used to breach the
code protection feature. All of these methods, to our knowledge,
require using the PIC microcontroller in a manner outside the
operating specifications contained in the data sheet. The person

doing so may be engaged in theft of intellectual property.

* Microchip is willing to work with the customer who is concerned

about the integrity of their code.

* Neither Microchip nor any other semiconductor manufacturer can
guarantee the security of their code. Code protection does not mean

that we are guaranteeing the product as “unbreakable”.

+ Code protection is constantly evolving. We at Microchip are
committed to continuously improving the code protection features of

our product.
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6.2 ARCHICTECTURE:

PIC16F87XA
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6.3 MEMORY ORGANIZATION:

There are three memory blocks in each of the PIC16F87XA devices. The
Program Memory and Data Memory have separate buses so that concurrent

access can occur.
Program Memory Organization:

The PIC16F87XA devices have a 13-bit program counter capable of
addressing an 8K word x 14 bit program memory space. The
PIC16F876A/877A devices have 8K words x 14 bits of FLASH program
memory, while PICI6F873A/874A devices have 4K words x 14 bits. Accessing

a location above the physically implemented address will cause a wraparound.

The RESET vector is at 0000h and the interrupt vector is at 0004h.

PROGRAM MEMORY MAP PROGRAM MEMORY MAP
AND STACK AND STACK
FC=il0> l PO=<1Z Za 1
oALL, RETURN [ & canr, mETURN I 7
BETFIR, ADTLW [ = RETEIZ, RETIH |
‘_’(,' ‘J'
Loy Lgval t Sask _eve ¢
Tk Lavdl 2 Tlack Leyei 2
HECk ever T Zimid Leesl 2
RESET viecar cooch RICET Umis LnuTh
-
IrLerrIpt Jagiee pansh TR e
<h LItEh
Fagel catro sHec
0TEFh sregrar - TFFR
0gach MEMSTy N L343
Fags g€
ancrp = N
0PFFh FFh
STErET )
demn 106eh snb
Fage X
L2FFh
raoch
Fage 2
1FFFh HE:£:43:1

Fig no. 6.2 Memory Organization of Microcontroller
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6.4

PIN CONNECTION:

Port C — to zigbee transceiver, conveyor machine and buzzer
Port B — to keypad incase zigbee fails

Port D — as data lines to LCD

Port A — to temperature sensor and for future extension

Port E — as control lines for LCD
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6.5 PIN DIAGRAM:

40-Pin PDIP
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Figure 6.3 Pin diagram of PIC16F§77A
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TRENDS AND DEVELOPMENTS IN MICCROCONTROLLER:

The manner in which the use of microcontrollers i1s shaping our
lives is breathtaking. Today, this versatile device can be found in variety of
control applications. CVTs, VCDs, CD players, microwave ovens, and

automotive engine systems are some of these.

Microcontroller unit (MCU) uses the microprocessor as its central
processing unit (CPU) and incorporates memory, timing reference, [/O
peripherals, etc on the same chip. Limited computational capabilities and

enhanced 1/O are special features.

The microcontroller i1s the most essential IC for continuous process
based applications in industries like chemical, refinery, pharmaceutical
automobile, steel, and electrical, employing programmable logic systems
(DCS). PLC and DCS thrive on the programmability of an MCU. There are
many MUC manufactures. To understand and apply general concepts, it is
necessary to study one type in detail. This specific knowledge can be used to

understand similar features of other MCU.

Microcontroller devices have many similarities. When you look at
the differences, they are not so great either. Most common and popular MCU
are considered to be matured and well- established products, which have
their individual adherents and devotees. There are a number of variants
within each family to satisfy most memory, [/O, data conversion, and

timings of end user applications.
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The microcontroller is designed to operate on application-oriented
sensor data-for example, temperature and pressure of a blast furnace in an
industrial process that is fed through its serial or operated on under the
control of software and stored in ROM. Appropriate signals are fed via

output ports to control external devices and systems.

Incoming data can be from a variety of external devices sensors.
Priority for receiving and operating on the data can be established using the
interrupt-control circuitry. The microcontroller operates with external
circuitry to perform control oriented tasks, using a control program in ROM.
The instruction set is simpler than that of a microprocessor, since most of its
instructions will move code and data from internal memory to ALU

(arithmetic logic unit).

The use of many input/output pins allows data to be moved
between the microcontroller and external devices, often as single bits.
Operation on single bits, such as logical operations, is unique to
microcontroilers; microprocessors operate generally on bytes or larger data
groups. The microcontroller is designed to allow programming for single
task operations, which is ideal for applications requiring large product
volumes. The microcontroller includes registers (not only used by its CPU

but by timer), interrupt control units, port latches, etc.
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6.6 PROGRAMS:

To program microcontrollers, the trend is to use the C language,
due to its efficiency and ease of use relative to the assembly language makes
most things possible using the least amount of memory (code and date) and

time, and offers increased productivity.

Typically, a software developer can write more codes to do more
things using C than when using assembly. This is important because at least half
the cost of developing an MCU application is in paying people to develop the

software.

Since C source code is standardized and portable, many people
know how to program in C. It can be written anywhere and then complied for
the target processor of choice. Writing microcontroller software often requires
knowledge of bits, registers, etc. C is considered to be a good language for real
time applications, as it has more or less compactness and special features of the
high level languages of portability. Also flow control is more flexible and easy
to use. There 1s still a place for assembly as many applications (such as
microwave ovens, coffee machines and VCRs) need small and cheap
microcontrollers in order to keep the price reasonable. These applications use
MCUs with limited memory resources. To get the best of both worlds,
programmers use both C and assembly languages when speed is critical, C has a
provision to allow assembly language code to be embedded within it. An
application code with time-critical sections in assembly and the rest in C is one

option.

35



SERIAL INTERFACE



CHAPTER 7

SERIAL INTERFACE — RS 232

7.1 INTRODUCTION:

Serial data 1s any data that is sent one bit at a time using a single
electrical signal. In contrast, parallel data is sent 8,16, 32, or even 64 bits at a
time using a single line for each bit. Data that is sent without the use of a master

clock is said to be asynchronous serial data.

Several communications standards exists for the transfer of
asynchronous serial data. Common PC’s transfer data using the EIARS-232C
(also known as V.28 or V.24). Updated versions of this standards imclude RS-
232D and EIA/TIA-232E, but most literature still refers to the RS-232 or RS-
232 standard.

The baud rate for a serial connection is the number of bits that are

transmitted per second. It is specified in bits/second or baud.
VOLTAGE LEVELS IN RS 232:

l. Logic high (1) represented as -3 to -25
2. Logic low (0) represented as +3 to +25
3. -3 to +3V not defined
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7.2 RS 232 INTERFACE:

1. RS 232 was introduced in 1960, and is currently the most widely used
communication protocol. It 1s simple, inexpensive to implement, and

though relatively slow it is more than adequate for most simple serial

communication devices such as keyboards and mice.

2. 232 1s a single- ended data transmission system, which means that it

uses a single wire for data transmission.

3. Since useful communication is generally two way, a two wire system

is employed, one to transmit and one to receive.

RS 232 PINS:

The table provides the pins and the labels for RS 232 cable,

commonly referred to as DB-25 connector.

1 2 3 4 5
];:.: -C] -
l,/’ T ™
. ) T !I
;//_\1 \‘! . . “ - “ 0 o . i,if! /—N\t
N “\ 0O000 / S~
. /’
R
6 7 8 9
Pin Signal Pin Signal
1 Data Carsier Detect B Data Sel Ready
2 Received Data 7 Regquest 1o Send
3 Transmifted Data 3 Clear to Send
4 Data Terminal Ready 9 Ring Ingicater
5 Signa! Grourd

Figure 7.1 RS 232 labels
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The standards for RS 232 and similar interfaces usually restrict RS 232 to
20Kbps or less and line length of 15m or less. RS 232 is fair more robust than
the traditional limits of 20kbps over a 15m line would imply RS 232 as
perfectly adequate at speed upto 200kbps.

FEATURES OF RS 232:

The essential features of RS 232 is the signals are carried as signal
voltages referred to a common earth and print data to a common earth pin, data
is transmitted and received on pins 2 &3 respectively. Data Set Ready (DSR) is
an indication for the data set i.e., the modem DSU/CSU i.e., it is on. Similarly,
DTR indicates to the data set that the DTE is on. Data carrier (DCD) indicates
that the carrier for data transmit is on. Pins 4 & 5 carry the RTS and CTS
constantly go throughout the communication session. However when the DTE
1s connected to a turn carrier on the modem ON & OFF. On a multipoint linear,
it is imperative that only one station is transmitting at a line when a station

wants to transmit, it raises RTS the modem turns on carrier.
The truth table for RS 232

Signal >+3V=()

Signal <-3V=1

The output signal level usually swings between +12V and -12V. The

dead area between +3V and -3V is designated to absorb line noise.
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SERIAL PORT OF PC:

IBM PC/compatible computers based on x86(8086, 286,386,486 and
pentium) MICTOProcessors normally have two COM
(read: COMMUNICATION) ports. Both COM ports have RS 232 type
connectors. Many PCs use one each of DB-25 and DB-9 RS 232 connectors.
The COM ports are designated as COM 1, COM 2 etc.. One can utilize COM X
port of a PC for serial communication experiments, where X designates a
particular port. The RS 232 standard is not TTL compatible, therefore, it
requires the line driver such as MAX 232 chip to convert the RS 232 voltage

levels to TTL levels and vice versa.

7.3 MAX232:

MAX 232 is primary used for people building electronics with an RS 232
interface. Serial RS-232communications works with voltages (-15V ... -3V for
high) and +3V ... +15V for low) which are not compatible with normal
computer logic voltages. To receive serial data from an RS-232 interface the
voltages has to be reduced, and low and high voltage level inverted. In the other
direction (sending data from some logic over RS-232) the logic voltage has to

be “bumped up”, and a negative voltages has to be generated, too.

The MAX232 has two sets of the line drivers for transferring and
receiving data. The line drivers used for TxD are called T1 and T2, while the
line drivers for RxD designated as R1 and R2. in many applications only one of
each is used. For example T1 and R1 are used together for TxD and RxD of the
PIC and second set 1s left unused. Notice in MAX232 that the T1 line driver has

a designated to T1 in a T1 out on pin numbers 11 and 14 respectively.
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No Name Purpose Signal Voltage

1 Cl+ +connector for capacitor C1 Capacitor should
stand at least 16V

2 V+ Output of voltage pump +10V

3 Cl- -connector for capacitor C1 Capacitor should
stand at least 16V

4 C2+ +connector for capacitor C2 Capacitor should
stand at least 16V

5 C2- -connector for capacitor C2

6 V- Output of voltage | -10V

pump/inverter

7 T2out Driver 2 output RS232

8 R2in Receiver 2 input RS§232

9 R2out Receiver 2 output TTL

10 T2in Driver 2 output TTL

11 Tlin Driver 1 input TTL

12 Rlout Receiver 1 output TTL

13 Rlin Receiver 1 input RS-232

14 Tlout Driver 1 output RS-232

15 GND Ground ov

16 Vee Power supply +5V

Table no. 2 Pin description of MAX 232
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The T1 in pin is the TTL side is connected to TxD of the microcontroller,
while T1 out is the RS232 side that is connected to the RxD pin of the RS232
DB connector. The RI line driver has a designation of R1 in Rl out pin

numbers 13 and 12 respectively.

The RI in pin 13 is the RS232 DB connected to the TxD pin of the
RS232 DB connector and R1 out(pin 12) in the TTL side that is connected
MAX232 requires 4 capacitors ranging from I to 22micro farad. The most

widely used value for this capacitor is 22microfarad.

C1i+ [ 1 U 16 ] VCC
7 | 15]] GND
c1-l3 14]] T1OUT
c2+ ] 4 13[] R1IN
c2-[]5 12[] R1OUT
Vs_[] 6 11 T1IN
T20UT [] 7 10]] T2IN
R2IN [} 8 ol] R20UT

Figure no 7.2 Pin diagram of MAX 232
Features:
¢ Operate from single +3V power supply
e [Low-power receive mode in shut down
¢ Multiple drivers and receivers
¢ 3-state drivers and Receiver outputs

e Open line detection
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7.4 MAX 232 INTERFACING:

The data from microcontroller is made available to the serial port. The
encoded RS232 level signal from pin 3 is given to pin 13 of MAX232 IC. The
TTL level signal is obtained across pin 12 of the IC and is directly given to the
microcontroller. Thus with this signal level conversion, the data is now ready to

be transmitted.

&
9
>
VCC c1 iC1 i
’It 1uF 2 c1e C%HFUF 1y
a-i————-— Vi ] 3
] v g
&NE 1uF s +
ez — GND
14 11
22 riout TN L b
<4 T20UT T2 10 & ! *“:’11
—] RN RioUT = 10
-2 R2IN  RzOUT 23— + iO
O
4
WA X232 38

G ]
1 SUBD & VCC

N R
onl.é X
I 3
<

| e G2 E[]xg[]x

GND —ETe

o P .

GND G&ND

Fig no 7.3 Interfacing of MAX 232

The Electronics Industries Association (EIA) standard RS-232-C!Y as of
1969 defines:

« Functions of each circuit in the interface connector.
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Electrical signal characteristics such as voltage levels, signaling rate,
timing and slew-rate of signals, voltage withstand level, short-circuit
behavior, and maximum load capacitance.

Interface mechanical characteristics, pluggable connectors and pin
identification.

Standard subsets of interface circuits for selected telecom applications.

Male Female
g 1|
Ry45 | [HIHT Ty
Pin No.[Signal Description Abbr. |DTE/DCE
E

] DCE Ready, Ring Indicator J!DSR/RI | T
2 Received Line Signal Detector|DCD || g ::w
I3 DTE Ready DTR ||y | g
4 Signal Ground SG
I3 Received Data RxD | iy
6 Transmitted Data TXD || g || e
7 Clear To Send ICTS |l |
8 IRequest To Send RTS — ; —

Table no. 3 Signal description of RS232 cable
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Function Tables

EACH DRIVER
INPUT | CUTPUT
TIN TOUT
L H

w4 L
H = high fevel, L = low
wvel

EACH RECEIVER

INPUT | GUTPUT
RiN ROUT
L H

H L

H = high level, L = low
ievel

logic diagram (positive logic)

11 14
T1IN > T10UT
10 7
TZIN ' T20UT
12 13
R1OUT ———f@—-—mm R1IN
9 8
R20UT WM___3<% RZIN

Table no. 4 Function table of RS232 cable
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CHAPTER 8

GEAR MOTOR

8.1 INTRODUCTION:

Gear motors are complete motive force systems consisting of an electric
motor and a reduction gear train integrated into one easy-to-mount and -
configure package. This greatly reduces the complexity and cost of designing
and constructing power tools, machines and appliances calling for high torque at
relatively low shaft speed or RPM. Gear motors allow the use of economical
low-horsepower motors to provide great motive force at low speed such as in
lifts, winches, medical tables, jacks and robotics. They can be large enough to

lift a building or small enough to drive a tiny clock.

8.2 OPERATING PRINCIPLE:

Most synchronous AC electric motors have output ranges of from 1,200
to 3,600 revolutions per minute. They also have both normal speed and stall-
speed torque specifications. The reduction gear trains used in gear motors are
designed to reduce the output speed while increasing the torque. The increase in
torque is inversely proportional to the reduction in speed. Reduction gearing
allows small electric motors to move large driven loads, although more slowly
than larger electric motors. Reduction gears consist of a small gear driving a
larger gear. There may be several sets of these reduction gear sets in a reduction

gear box.
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Speed Reduction:

Sometimes the goal of using a gear motor is to reduce the rotating shaft
speed of a motor in the device being driven, such as in a small electric clock
where the tiny synchronous motor may be spinning at 1,200 rpm but is reduced
to one rpm to drive the second hand, and further reduced in the clock
mechanism to drive the minute and hour hands. Here the amount of driving
force is irrelevant as long as it is sufficient to overcome the frictional effects of

the clock mechanism.
Torque Multiplication:

Another goal achievable with a gear motor is to use a small motor to
generate a very large force albeit at a low speed. These applications include the
lifting mechanisms on hospital beds, power recliners, and heavy machine lifts

where the great force at low speed 1s the goal.
Motor Varieties:

Most industrial gear motors are AC-powered, fixed-speed devices,
although there are fixed-gear-ratio, variable-speed motors that provide a greater
degree of control. DC gear motors are used primarily in automotive applications
such as power winches on trucks, windshield wiper motors and power seat or

power window motors.
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Many Applications:

What power can openers, garage door openers, stair lifts, rotisserie
motors, timer cycle knobs on washing machines, power drills, cake mixers and
electromechanical clocks have in common is that they all use various
integrations of gear motors to derive a large force from a relatively small
electric motor at a manageable speed. In industry, gear motor applications in
jacks, cranes, lifts, clamping, robotics, conveyance and mixing are too

numerous to count,

83 FEATURES:

GEAR MOTOR - HELICAL GEAR

« 10RPM TO 1000RPM 12V DC geared motors for robotics applications
« Very easy to use and available in standard size.

» Nut and threads on shaft to easily connect Wheel

« 10RPM 12V DC motors with Gearbox

» 6mm shaft diameter with internal hole

« 125gm weight

« Same size motor available in various rpm

« Skgem torque

« No-load current = 60 mA(Max), Load current = 300 mA(Max)
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FLOW CHART:
TRANSMITTING SECTION:
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CONVEYOR SECTION:
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CHAPTER9

CONCLUSION

This project has a transmitting and receiving station. The conveyor belts
with regularly spaced partitions works as per the command given in the PC,
likewise the functionmality of whole length of conveyor belts are computer
controlled which reduces the labour charge and reduces time consumption.
Using more sophiscated technologies such as GSM, this project canbe enhanced

to provide more convience for the user.
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CHAPTER 10

FUTURE ENHANCEMENT

(GSM can be used for radio communication as this has a long range of
distance covered

Java can be used as a programming language

In case of any power failure in the transceiver unit, an additional buffer

can be placed to carryout the work without any interruption
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APPENDICES
APPENDIX 1
COMPLETE CIRCUIT DIAGRAM:
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APPENDIX 2

MICROCHIP

PIC16F87XA

28/40/44-Pin Enhanced Flash Microcontrollers

Devices Inciuded in this Data Sheet:

= FIC16F873A - FIC-8F878A
+ PiCBFE744 « PICTBFBTTA

High-Performance RISC CPU:

Cnly 35 singlevwaord instructions to learn
All single-cycle instructions except for program
branches. which are two-cvcle
Cperating speed: DC - 20 MMz clock nput

BC — 200 ns instruction cycle
Lp to BK x *4 wards of Fiash Program hemory
Up to 388 « 8 bytes of Data Memaory (RARM
Up to 258 x 8 bytes of EEPROM Data dermory
Pinout compatibie 1o other 28-pin or 43:44-pin
FIC8C XXX and PiC* 8FXOOC microcontratlers

.

Peripheral Features:

Timerd: 5-bit bmer'counter with B-bil prascaier
Timer:: 18-bit imercounter with prescaler.
can be incremented during Sieep via externai
crystal/clock

Timer2; §-bit timercounter with &-bit period
ragister, prescakr and postscaler

Two Capture. Compare. FW modules

- Capture is 16-bit. max. resoiution is “2.5ns
- Compare is 16-bit, rax. resolution is 200 ns

- PUWR max resolution 1s 2 2-bit

Synchronous Serial Fort (S5F: with SPI™
{Master mode} and 120 ™ (Master/Siava
Lniversal Synzhronous Asynchronous Receiver
Transmitter (USART'SC! with 8-bit address
detection
Paralial §la

Port (PSP~ § bits vade aith

externai RD. ¥R ang T8 conltrois 40:d4-pin onty;

Brawn-out detection cirsurtry for
Brown-out Reset (BCR:

Analog Features:

¢+ 0kt up o B-channe! Anaog-to-Ligre!
Converter iA0:

Brown-out Rese: (BCT

Anatog Comparator module witn

Two analog comparators

Programrabhie on-chip votage relemnze
ivazs; madule

Programmabie input mutiplexing fram fovice
nputs ans internal vallage reference
Comparator outputs are exter~al v accessibie

.

Special Microcontroller Features:

+ 120.000 erase/wnte cycle Ennancag Fiash
progrars mermory tvpicat

©.000.000 erase write cyo'e Data EERFRON
rerary ypissl

Data EEPROM Ratanton > 40 vears
Seif-reprogrammable under software controi
In=Circuit Serial Programming™ (C8P™;

vd two pins

Single-suppiy 5 In-Circuit Seral Frograrring
Watehdog Timer (WD T with ite gwn an-chip RC
osciiiator for reliabe operation

Frogrammable code protestion

Fower saung Sieep made

Saeiectable osciilator aptians

In-Circuit Debug [ICD: via two pins

.

.

IS

.

CMOS Technology:

+ Law-power. nigh-soees F.asn EEFRCR
Eechnoiogy

+ Fuily static design

-~ Wide aperating vpitage range 12 OV to 5 5

+ Commeraal and inousial EMperaiure ranges

» Low-power sonsorptian

Frogram Memory | Bats eeonom sobit | cep Timars
Davice Bytes #Single Word LSBRJ:M iBytes) [lie) AD (k)| (PN sp Magter | USART &16-bit Comparators
Instructions | [B9tes) 1%
RICIRFATRA | 72K 4788 182 128 22 & 2 Yes | Yes ACH 2 P
HCIBFATIA ) 72K 2UEE 182 128 33 2 2 Yes| Yas Yas Z 2
FICISFATEA | 14 3K a8z ] 88 2 3 z Yas | vag vas z- z
FICEFRTTA |12 3K 8152 58 288 33 8 2 Yes | Yes Yag 2 z




PIC16F87XA

TABLE 1-3:

PIC16F874A/B77A PINOUT DESCRIPTION

. BDIP | PLCC | TQFP | OFN P Buffar -
Fin Name eint | ping | Pink | Pint | Type | Type Dexcription
C8CH/CLKI 13 14 az 2z ST OnCe! ysta: or axtarna’ o5 npat
OsCt | S @XIBITA ZITH S0L'S
Her whar serfizs aa v RO rode:
Cuice
CLK: ; 4% S2uT08 DLt 4 waEys 8sscialed
Wi s fongier 8O 14ee SECY CSLi
CETECLG e
CBLZCLKO 13 1% 21 33 —_ Ssciats: Srystal 2t 2
o o] Dscriatsy & ystal
Conrecls 1o orysta o s Dogsta
Jesrptsr mote.
CLKO ]  RE mode, O8CE o sulputs CakD wngn
95 14 18 Tragquensy of C8C1 a3 cenntes re
E [Be Eodaliedtor E-H
MCLR AP 1 2 18 18 er NMastar Cisar lnpal: ot programmng vodage roulng)
HCLR r Liaster Cigar [Reseti irpul Yh& on 53 astve
cw~ Resal & 26458
yas e Pregrammirg vcitage
PORT2 ¢ g bwirectora LD oot
RAZ/ANT 3 2 18 i3
RA&L [An] Ggua 1O
ANZ i hrgayepatl
RA1ANT 3 el 3 20 TTL
RA1 e} Digra 1'C
AN ! argog mout
RAZ ANZ WaER-CymEF] 4 5 et z1 TTL
Raz o
ANZ i
[y ;
CuREF e
RAZ AN YREF~ g 5 iz 2 T
RAJ 1
AMI :
NREF+ H
RAGTLCKIC1OUT g T 23 23 v
Res (Ko Uigia 40— Crer-zrar wner gorfigored as
Suipul
TSCKI i Tmard Bxiena SOk 7L
ciouT jal Somepasater 2
REEANSSECIOUT 7 g 24 24 T
RAR i

Trgbuffar isa
20 Trgboffer s a ek

Sarmatt Teggas

wraZ as g exle-na
Sang Programrog

“1g- upl
E)

3 Treeaffer sa Sy corfizeas = RO Cso ~ag SMOR ey & wse
JEIEEAZE.page 10 LELi3shmoerg Yesisogy inT




PIC16F87XA

TABLE 1-3:

PIC16FBT4A/B7TA PINOUT DESCRIPTION (CONTINUED)

Bin Name PCIP | PLCC | TGFP | QFN QP Butfar Bascriptian
Pirt | Pint | Pink | Pint | Type |  Type ptian
FCRTC s 3 baorechord 1'G nat!
ROS T1CR0TICH! 1 18 3z 3+ 87
RCZ ] fharal 10
TIOSD o) Turgrt 2sgeptd 2ot
T10K! ! fLaxtenal Lotk oul
RC1 T O8ICEH2 18 -] 35 3t 87
RC1 Lo Digtg 1 O
TGS 1 Tirart osoriatnr gyt
CLE2 ] Captate? eoul Compaad outout POl cutpr
RC2:CLP 17 ¥ ag ki &~
RC2 i Digta 10
ety 3ol crual ol Comnael Sotnel FUUN Su,
RCI'SCKECL 12 2z a7 ar eT
RC2 sl
et iQ
sCw Lo
RC<8D1LEDA 23 28 “Z 42 &7
RC4 LG Digzal 1D
50¢ ! 8P aata e,
SDA 115 Caam: T
RCEEDO = 28 Lk <3 8T
RCS (el Bigra 10
Soo ol 8P zata ot
RCETXCK 2% Fag ie 5 eT
CE LG g8 1 G
= ) USERT asy: naLs gt
CK (B UEARTY 5y SUS DDk
ROTRX DT ol 28 1 1 2T
RC? [l Dhga: |G
&X ! USART asyno
a7 [E+] USARY synshicy
lagend. | = npul G = auinut I'G = pputootput F = sawer
—=Noiusad  TTL =TTL nput &7 = Sonermt Troggar nput
Nota 1 rigge7 rrul weer configured as ine exlernal Sdsupt
2: ot wher used n 8@ Progr mole
3: ut when senfigured m RC Cs o mode anda CRISE mpLtotherwise




TABLE 1-3:

PIC16F87XA

PIC16F874A/B877A PINOUT DESCRIPTION (CONTINUED}

PCIF | PLCC [ TQFP | GFN LR Buffar
d Dascription
Fin Namie Pirt | Ping | Ping | Ping | Type | Type FipHen
cavesigra: tConto Fara e 2 3.2
TAen S0esETt bok
18 21 kL] 3
[Be Cigas: 10
o) Faraie Tig.e Fooorala
RDTFERY = 2E 3z g ST TTLHE
RDA LS Ggwa:
B8Rt (8] Paraie Sa.8 Potoaa
ROIZFEFZ 21 z3 AT &2 STTTLE
RO2 o] Digea i &
“SF2 [Re] Faraie Sa.e Foeroata
ROZ.PERZ ] 24 41 21 STTTLE!
RD3 [Be] Digaar O
PSP [ Parage Sass Potoata
RD2-25p4 z | x 2 K TR
RO LG Cigra il
PSPz el Farase Biase Fortz2aa
RD&ZSFS 28 3 k] 3 STTTLI
RD& [Fi] Cegra 1T
PEFS o] rave ae Prordata
RDE.PEPE % 32 z 2 STTTLH
RDe 8] Oegia 11O
P8P8 (o] Parae Save ot data
ROTEEFT R 33 5 £ ST
RDY [Re] Degtan L
PSP7 10 Paraie 8.8 Poot tata,
PCRTE wa o drastars |0 2270
REC RDANS ] & 28 28 ST
REU jitad Digra ' &
RO | Rz
ANE 1 Aramg s
RE {WWR ANG 3 1| 2 8 T TR
RE? 1S 13
R | nedg oo fzr Pargre Sa0e Font
BNE | Argiy
REZLSANT 1 1t 27 z7 STTTLR
RE2 e} Digia 10
cs [ Srop seact convsife Farg g 880 Pan
ANT | g gt 7
wss — Greund rifergnsg [orioga-c 110 png
W — Pogtovg Soopy fof w5 ans 1'G zirs
— Trese oins ara o5t pleeasy sonngtted. Trase ting
Sroyi 06 At unsornadisl

o Trspuffer s a Sevmar Trgger mput wren used i Sena: Prograr
3 Trsbuffe sa Sx

P = pzve:

1 Trgger mput

waer wEut wien sonfigured a5 e exXe rE 18t
a8,

Togaer et woer oonfigured o RO Ssgoater wede aoca CNCE »¢




3.0 DATAEEPROMAND FLASH
PROGRAM MEMORY

The data EEFROL and Flash program memory 1s read-
@ie and wrtable during narma! operation {over the full
Vor range} This memory is not directly mapped in the
register file space. instead. it s indrectiy addreszed
firough the Spedal Function Registers. There are six
SFRs usedtaread and write this memany

+ EECON®
« EECCNZ
+ EEDATA
+ EEDATH
+ EEADR

+ EEADRH

VWhen interfacing to the data memory block. EEDATA
rolds the 8-bitdata forread write and EEADR hoids the
mdress of the EEFROM iocation beng sccessed.
These devices have “2Bor 258 bytes of dats EEFROM
{depending on the device). with an address range from
00h to FFh. On devices with * 28 bytes. addresses from
80h to FFh are unimplemented and will wraparound to
the beginning of data EEPROM memarny. When writing
b unimplemented locatons. the en-chip charge pump
wili be turnad aff,

“When interfacing the program memory block. the
EEDATA and EEDATH registers form a two-byte word
that holds the 14-bit data for read write and the EEADR
and EEADRH registers form & two-byte word that hoids
the 13-bit address of the program memory iocation
being accessed. These devices have 4 or 8K wards of
program Flash. with an address range from 00000 to
OFFFh for the FIC*8F87 348744 and 0000h to *FFFh
for the PIC*6FB78ABT T A Addresses above the range
of the respective device wil wraparound to the
beginning of pragram memary.

The EEPROM data memory allows single-byte read and
write. The Flesh program memaory aliows single-word
reads and four-ward block writes. Program memory
wite sperations automatically perforrn an erase-before-
write an biocks of four words. A& byle wiite in data
EEFROM memary automatically erases the location
and writes the new data (erase-before-write ).

The wnte tme is controled by an on-chip timer. The
white/erase voltages are generated by an on-chip
charge pump. ratad 1o operale over the voltage range
of the devize for byte or word operabons

When the device is code-pratected. the CPU may
continue to read and write the data EEPROM memory
Depending on the seitings of the write-protect bis. the
tevice may or may not be able 0 write certain biocks
of the prograrn memory: however. reads of the program
rmemory are ailowed. When code-protected. the device
Ogra™mar Can no longer atcess dats or program
remary: this does NOT inhibit internal reads ar writes.

PIC16F87XA

3.4 EEADR and EEADRH

The EEADRM.EEADR reqister parr can address up 1o
a maximum of 256 bytes of dates EEFRCMorup to &
maxirrum of 8K words of program EEPRCH. wWhen
selecting a data address value. only the LSByie of the
address is written to the EEADR register Whar seigni-
ng & program address value. the WEBwvte of the
gddress is wnlten o the EEADRE requster snz tne
LSByte 5 written to the EEADR register

fthe device comtains less memory than the fuli acdress
reach of the address register pair the Most Significant
bits of the registers are nat impiemented. For exarple
f the device has 128 byies of data EEPRCM the RMost
Significant bit of EEADR is not implemented on access
b data EEFRCH

3.2 EECON1 and EECON2 Registers

EECOMN! is the contral register for memory accesses

Contro! tut. EEFPGD. determines if the access »!i be 3
rogram of dats memory access. When clear as it s
whenreset. any subseguent operations wil cperale on
te date memory. VWhen sel amy  subsequent
gperatons wili operate on the program memory
Contral bits, RD and WR initiate read ang write or
erase. respectively. Theses bits cannot be cleared on'y
set. in software. They are cleared in hardware at co™-
petion of the read or write operatior:. The nahiity o
cear the WR bit in software orevents the acoidenta
memature termination of a arite operation

The WREN bit, when set. will allow 5 wnite or erase
operstion. On power-up. the WREN it s giear The
WRERR bit is set when 3 write tor erase: operation 15
nermupted by a MCLR or a WDT Time-out Reset dur-
ng normal operation. In these situsticns. folowing
Reset. the user can check the WRERR bit and rewrite
he iocabion. The data and address wif be unchanged
in the EEDATA and EEADR registers.

interrupt flag bit. EEIF in the PIR2 register. is set when
he write s compiete. [t must be ciegred in software.
EECONZ s not 8 physical register. Reading EECONZ

will read all "2s. The EECONZ register iz use
exclusively in the EEPROM write sénuence

Note:  The seff-programming mechanism for Flash
rogram memory has been changed. Cn
evious FICIBF87TX gevices. Fasn pro-
gamming was done in single-word erase’
wiite cyckes. The newer PICTEBFEYXA
devices use a four-word eraze’write
cycle. See Section 3.6 “Writing to Flash
Program Memory " for more information.

D838 . rage 32



40 VOPORTS

Some ping for these VD pords are muitiplexed with an
alternate function for the periphera: features on the
device. in gensral, when a perpheral is engbled, that
pn may not be used s a genera purpose PO pin,

Additional information an /0 ports may be found In the
FIGmiern ™ Mid-Range Reference Manual (DS33023:

4.1 PORTA and the TRISA Register

FORTA 15 2 6-bit wide. bidirectional port The corre-
sponding data direction register e TRISA. Setling a
TRISA bit {2 Ziwil make the corresponding FORTA Lin
a nput e, put the corresponding output driver in a
High-impadance mode:. Clearing & TRISA bit (= 35wl
make the corresponding #ORTA pinan outputiie. put
the contents of the output lalch on the selected pin:

Reading the PORTA register reads the status of the
pins, wheress writing to it will wrile to the part latch All
write operatons are read-modify-write operatians.
Therefore, a write to a portimpies that the pont pins are
read. the value s modified and then written to the port
data latch.

B RA4 15 mulbiplexad with the Timerd module clack
nput to become the RA4/TOCK! pin. The RAATOCK!
pn is a Schmig Trigger input and an ppen-drain output
Al ather FORTA pins have TTL inpul ewels and full
ChMOS output drivera

Cther FORTA pins are muitipiexed with analog inputs
and the anatog VaE® input for bath the A'D converers
and the comparators. The operation of zach pin is
selected by cleanngiseting the appropriate control hits
in the ADCON angior CZCON registers

Note: Ona Poweron Reset these pins are con-
figured as analkog snputs and read as '3’
The comparators are in the off idigial:
state

The TRISA register confrois the drection of the port
pins even when they #ré being used 23 analog inputs
The usermust engure the bits in the TRISA register are
rmamntaned setwhen using them as anakg inputs.

PIC16F87XA

EXAMPLE 4-1:

INITIALIZING PORTA

0

BLOCK DIAGRAM OF
RA3:RAQ PINS

FIGURE 4-1:

TRE sz

W E

22003 Mmroore Teomroogy Ivo




PIC16F87XA

7.0 TIMERZ MODULE

Timer2 is an B-bit timer with a prescaier and 2
rostscaler It can be used asthe P! ime base fur the
P mede of the COP moduie(s). The THIR2 register
= readable and wntable and s cleared on any device
Reset,

The input clock (Fosz4i has a prescae aptan of
T ot oor i@ selected by control bis
T2CKPS+T2CKPSO (T2C0N< D>

The Timer2 mocule has an 8-bit pensd register. FR?
Timer2 incremants fram 00k unt it matehes PR2 anc
then resets to 00h on the nextincremantoycie. FR2 is
& readable and writeble register. The FRZ register 15
nitiglized ta FFh upan Reserl,

The match output of TRRZ gaes througn 2 4-bit
mostscaler (which gives 2 1.7 to “:° 6 sealing nolusne’
w gererste 8 THRZ nterrupt atched 0 flag it
TMR2IF (PiRt<1>},

Timer2 can be shut-off by cleanng controt bit. TRIR2OM
T2CON<2>} o minimize power sonsumption

REGISTER 7-1:

Register 77 shaws the TimerZ Control register
Agditional information on tmer Modu:es i§ avaiable n
ne PiCruoro® Mid-Range WCU Farmily Relerence
Wanus (D833023:

FIGURE 7-1: TIMER2 BLOCK DIAGRAM

S Koo
W TVRIE

TIOUTREEE
TEDUTRED
Note % TRZ ~apa T - b
S5F ~oz e

T2CON: TIMER2 CONTROL REGISTER (ADDRESS 12h)

RAN-G RAN-D RAEG R

R0

[ToLTPss[ TouTPS2 [TOUTPS® [TOUTFSO] THR2ON |ncxp<=- T2CKFSO

S RAN-D Rwe-0
bt 7
bit 7 Unimptemented: Read as

bt &

hit 6-5 TOUTPS3. TOUTPSD: Timer2 Cutput Postscale Select bits

3323 = 71 pos'scale
sl = 2 postscale
3123 45 posiecale

1.l =778 postscaie
bit 2 TMRZON TomerZ On bit
=Timsr2ison
== Timer2 is off
fit -0
31 = Prescaleris *
3L =Prestaleris 4
_x = Frescaleris “§

T2CKPS1. T2CKPS0: Timer2 Clock Frescaie Selecthils

Legend:
R = Readable bt
-n=‘alve at FCR

W= Writable bit L = Lreepigrented it reas 35 00
= Biis set

0" = Bits cleared %= Bitis unkrown
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